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Dear Candidate,

Thanks for your $35.00 purchase of the SCCAAPM’s study guide for the
ABR. For official information, see http://www.theabr.org

The notebook has been assembled for physicists preparing to take the
Radiologic Physics section of ABR examination. Included are general
requirements for candidates, example questions and comments from previous
candidates. It is intended to serve as a study guide for those preparing to take
the examination. There is no guarantee that any of these questions will be asked
on future exams. It is updated annually.

The format of this document is unchanged changed from last year. It is in
electronic .PDF format. Please note that a few documents are quite old and their
quality is poor. We have decided to include them anyways. The information is in
chronological order, i.e. the latest information is at the end of the documents.

We would like to thank those who have contributed their notes over the
many years of this project and request that future exam takers help to perpetuate

this notebook.

Alex Li & Tim Paul
SCCAAPM

January 17, 2006
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EXAMPLE QUESTIONS
PART 1
WRITTEN EXAMINATION IN PHYSICS

EASY TYPE A

1. Kerma and absorbed dose are related quantities. Beyond the depth of maximum dose the rate of
change of these two quantities is best described as:

A. dose decreases while kerma increases.
B. dose increases while kerma decreases.
C. dose decreases slower than kerma.

D. dose and kerma decrease equally.

E. dose decreases faster than kerma.

2. The indirect action of ionizing radiation refers to the:

A. effects of free radicals.

B. effects of scattered radiation.

C. excitation of a molecule by an electron.

D. systemic effect due to secondary emission.

E. relative biological effects of different types of radiation.

3. For photons irradiating a material, charged particle equilibrium is established at a particular depth
when the:

A. particles cross the medium at 90° to the surface.

B. ranges of the particles are all 1/u (one mean free path of the photons). ,,

C. number of particles produced at the depth equals the number produced at the surface.
D. number of particles produced in a small volume equals the number of particles stopping
in that volume.

E. positive and negative ions are produced in equal numbers.

4. Quantum mottle has its greatest effect on:

A. color imaging.

B. slow film imaging.

C. low-contrast imaging.

D. high-contrast imaging.

E. Wiener spectrum imaging.

5. The greatest contribution to the effective dose of the US population is due to:

A. radon.

B. cosmic rays.

C. internal emitters.

D. medical procedures.

E. household smoke detectors.

http://www.theabr.org/1 PhysQues2.htm 3/19/2003
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6. A large number of photomultiplier tubes is used in a gamma camera primarily to improve the:

A. contrast resolution.

B. photon statistics.

C. gamma-ray sensitivity.
D. temporal resolution.
E. spatial resolution.

7. Appending a zero to the right end of a binary number is equivalent to:

A. adding 2 to the number.

B. dividing the number by 2.

C. multiplying the number by 2.

D. squaring the number.

E. taking the square root of the number.

8. The Curie temperature is the temperature at which:

A. H,0 exists in three phases of matter.

B. thermonuclear disintegration occurs.

C. a black body emits neutrinos.

D. ferromagnetism is lost.

E. the activity of one gram of radium is exactly one Ci.

9. The modulation transfer function (MTF) curve is a plot of:

A. image contrast versus log relative exposure.

B. subject contrast versus image contrast.

C. detail detection versus viewing conditions.

D. system characteristics versus component characteristics.
E. image contrast versus spatial frequency.

10. The most likely effect of irradiation during the preimplantation period of embryonic development is:

A. carcinogenesis.

B. growth retardation.
C. malformations.

D. mental retardation.
E. spontaneous abortion.

11. In ionization dosimetry, a small, gas-filled cavity is placed in a medium. The value of the is
required to convert the dose in the gas to the dose in the medium.

A. energy absorption coefficient of the gas

B. energy absorption coefficient ratio of the medium to the gas
C. electron fluence across the small cavity

D. mass absorption coefficient of the medium

E. mass stopping power ratio of the medium to the gas

12. Least-squares fitting of data to a particular curve involves:

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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A. Chebychev's inequality.
B. binomial distributions.

C. maximizing discrepancies.
D. minimizing deviations.

E. minimizing means.

13. Therapy verification images made with 18 MV x rays have less contrast compared with radiographic
images. This is mostly a result of:

A. increased pair production.

B. increased Compton interaction.

C. increased photoelectric interaction.
D. decreased photoelectric interaction.
E. decreased Compton interaction.

14. The Laplacian operator, 2 is:

A. the square of the divergence.

B. —x—.

C.- -

D. the rms of the first derivative.
E. the rms of the second derivative.

15. The BEIR V and the UNSCEAR (1986) estimate of the mutation doubling dose for humans is
Gy.

A. 0.001
B. 0.01
C.0.1
D. 1

E. 10

16. In your frame of reference, an object is traveling near the speed of light. Compared with its
dimensions at rest:

A. only dimensions parallel to its motion are different.

B. only dimensions perpendicular to its motion are different.

C. all dimensions are changed.

D. all dimensions are the same.

E. parallel and perpendicular dimensions change in equal but opposite amounts.

17. In a diagnostic x-ray facility, a typical lead shielding thickness of a wall is mm.
A.0.2

.1
.5
.1
.1

=HoOW

0
5
18. In a mammalian cell, the most sensitive target for radiation damage is the:

http://www.theabr.org/l _PhysQues2.htm 3/19/2003
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A. cell wall.

B. endoplasmic reticulum.
C. mitochondria.

D. Golgi apparatus.

E. deoxyribonucleic acid.

19. The greatest dose from 14 MeV neutrons absorbed in tissue is provided by:

A. recoil protons.

B. direct ionization.

C. delta rays.

D. induced radioactivity.
E. gamma rays.

20. Double precision arithmetic refers to:

A. representing floating point numbers as integers.

B. summing a series using smaller increments.

C. keeping track of the error of each operation and correcting the final answer.
D. using twice as many bits to represent a floating point number.

E. normalizing floating point numbers to eliminate leading zeroes.

21. One gram of tissue receives a dose of 2 Gy in a certain radiation beam. Neglecting any attenuation 2
grams of tissue located at the same point in the same radiation beam would receive a dose of Gy.

S

HOOR P
N S

22. The image formed by light passing through a pinhole is:

A. real and erect.

B. real and inverted.

C. virtual and erect.

D. virtual and inverted.
E. virtual and magnified.

23. A lecturer's voice-intensity level is 1000 times greater than the level of a normal speaking voice.
What is the difference in decibels?

A. 10
B. 13
C.30
D. 100
E. 300

24. What device requires the most stable voltage power supply for reproducible operation?

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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A. thermocouple

B. photovoltaic cell

C. proportional counter

D. ion-chamber survey meter
E. Geiger-Mueller survey meter

HARD TYPE A

1. A primary barrier is designed to shield a well-collimated monoenergetic photon source placed 4 m
from the point of interest. If the source is moved to 2 m, the barrier thickness must be increased by
HVL to provide equivalent protection?

HoQw»>
O e N WO

2. A 5 MeV electron will liberate how many coulombs of charge of one sign while coming to rest in air?

A.2.7x 1017
B.2.4x 10714
C.8.0x 1012
D.2.6x 107!
E.2.8x 107

3. If the TVL for a radioactive source is 1.0 mm of lead, the fifth value layer is mm of lead.

A.0.9
B.0.7
C.05
D.04
E. 0.2

4. An ideal gas has a pressure of 1 atm inside a closed, 2 liter vessel at 20°C. If the temperature were
raised to 25°C, the gas pressure is atmospheres.

A. 0.80
B. 0.98
C. 1.02
D. 125
E.2.03

5. To reduce image noise by a factor of 10, the number of information carriers must be increased by a
factor of:

A.3.1

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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6. The solid angle subtended by a 100 cm? circular detector at a distance of 1 m is steradians.

A. 0.01
B. 0.03
C.0.12
D.2.0
E. 6.5

7. The average gamma-ray photon fluence incident on an Anger camera crystal is 4000 photons/cmz. If

the detection efficiency of the crystal is 50%, the percent deviation in the counts for a one cm? area is

HOOW»>
EJJUJ[\)!\.)»—A
W0 wn oo

8. The electric potential at radius r between the inner and outer electrodes of a cylindrical ionization
chamber is

V() =V, log(1/a)

where V  is 130 volts, a is the radius of the center electrode (0.05 cm) and the radius of the outer
electrode is 0.5 cm. The electric field at the surface of the center electrode is volts/cm.

A. -2600
.-2100
.-1333
.-667
-600

o O®

9. A group of cancer patients have lifetimes that are normally distributed with a mean of 30 months and
a standard deviation of 2.5 months. What percentage of these patients will survive at least 34 months?
(See the standard error function table below.)

A.15
B.2.2
C.55
D. 10.5
E. 20.0

http://www.theabr.org/1 PhysQues2.htm 3/19/2003
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0.0 5000 6040 5080 5120 5160 5199 5239 5279 5319 6359
0.1 .6398 5438 6478 5517 5557 5596 5636 5675 5714 5754
0.2 6793 5832 5871 5910 .5948 5987 6026 6064 6103 6141
0.3 6179 6217 .6255 6293 .6331 .6368 6406 6443 .6480  .6517
0.4 6554 6591 6628 6664 6700 6736 6772 6808 .6844 6879
0.5 6915 .6950 6985 7019 7054 7088 7123 7157 190 7224
0.6 7258 7291 1324 7357 7389 1422 7454 7486 7518 7649
0.7 7580 7612 7642 7673 7704 1734 7764 1794 1823 7852
0.8 7881 7910 7939 7967 7996 .8023 8051 .8078 .8106  .8133
0.9 .8159 8186 8212 .8238 .8264 .8289 8316 .8340 8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 8554 8577 8599 8621
1.1 .8643 .8665 .8686 .8708 8729 .8749 8770 .8790 .8810 8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 8997 9015
1.3 .9032 .9049 9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 .9265 9279 9292 9306 9319
1.5 9332 9345 9357 9370 9382 9394 .9406 9418 9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 .9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 9608 9G16 9G25 9633
1.8 9641 9649 9656 9664 9671 9678 9686 .9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767

Error function table for question 9 above.

erf(x)

10. In a 4 MV linear accelerator, the speed of an electron striking the target is ¢, where c is the
velocity of light. Note that m 002 =0.51 MeV.

A. 0.887
B. 0.942
C.0.984
D. 0.987
E. 0.994

11. A point source of radiation is situated on the central axis, 0.2 m from the center of a circular detector
with a 0.05 m radius. The geometrical efficiency of the detector for this point source is

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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12. At 75° F, an jonization chamber open to the atmosphere should have its reading "temperature
corrected" by multiplying the reading by .

A. 0.9936
B. 1.0032
C. 1.0064
D. 1.0859
E. 1.1029

13. A mammoth bone is found to have a 14C specific activity that is 5.0% of the atmospheric value. The
mammoth died years ago. The half life of 14Ccis 5730 years.

A. 22,920
B. 24,765
C. 28,650
D. 63,030
E. 114,600

14. A 1024 x 1024 digital image with 64 shades of gray is to be transmitted at the rate of 10° baud
(bits/s). The image can be transmitted in approximately:

A.ls.
B.3s.
C.6s.
D. I min.
E. 6 min.

15. On a 16-bit personal computer, an integer variable is allotted 2 bytes of memory. If one bit is used
for the algebraic sign, then the range of such a variable is:

A. 0 to 512.

B. 0to 32,767.
C.-16,384 to 16,383.
D. -32,768 to 32,767.
E. -65,536 to 65,535.

16. At a radiologist's desk, the instantaneous air kerma rate through a wall cassette holder is 5.0 mGy/h
during normal chest exposures of 10 mAs with the unit operating at 100 kV and 100 mA. The maximum
air kerma at the radiologist's desk during 1 week for 200 chest films would be approximately

mGy?

A. 0.0028
B. 0.028

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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C.0.28
D.238
E. 28

17. The counting rate of a radioactive sample (including background) is 1200 counts in one minute. The
background counting rate is 400 counts in one minute. What is the percent standard deviation of the net
count rate?

A.25
B.3.0
C.35
D.5.0
E. 6.8

18. An ionization chamber of 2 cm? is placed in a radiation field of 100 R/s. The current generated is
how many amperes ( ;.= 0.0013 g/cm3)?

A.5.1x 1071
B.6.7x 10710
C.51x107°
D.6.7x 1078
E.5.1x 107

19. The dose rate at 1 m from a shielded source is 2 mSv/wk. The additional shielding required to reduce
the dose rate at 2 m to 0.1 mSv/wk is mm of lead. Note the HVL for the shielded source is 6 mm
of lead.

HEOW P>
W NN O
0N O B

20. The mass attenuation coefficient of bone, (density of 1.8 x 103 kg/m3) is 0.02 mz/kg for an 80 keV
gamma ray. A beam of 80 keV photons will be % attenuated by a slab of bone 0.04 m thick.

A. 36
B. 45
C.55
D. 64
E. 76
21. A linear source has a nonuniform activity. The activity per unit length is:

Ax)=10 X2 pCi/cm3 for0 x 10cm

The activity is 0 elsewhere. The centroid, , of the activity distribution occurs at x = cm.

http://www.theabr.org/1 PhysQues2.htm 3/19/2003
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22. For a true count rate of 10,000 sec”! and a non-paralyzable counting system with a dead time of 5 s,
the loss in the observed count rate is % .

A. 0.05
B. 0.1
C.0.5
D.25
E.5.0

23. A one microfarad capacitor is connected in series with a 1 x 108 ohm resistor. At time t= 0, a 100

volt power supply is connected to the circuit. At 100 seconds, what is the voltage across the capacitor?
(See Figure below.)

A.63.2
B. 70.7
C.95.0
D. 98.6
E. 100.0

.
{ —— 1 Jf
%100 MO

100 ¥

Figure for question number 23 above.

24. Which combination of three numbers below would be the representation of the decimal number 17
in binary, octal, and hexadecimal formats, respectively?

A. 10001, 21, 11
B. 11101, 21, 10
C. 10001, 39, 101
D. 11101, 117,101

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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E. 1111, 111,11

25. A signal ranging from 0 to 10 volts is to be digitized with a resolution no worse than 10 mV. The
A/D converter should have at least how many bits?

A.6

B. 8

C.10

D. 12

E. 16

ANSWER KEY
Question # Easy A Hard A

1 D C
2 A B
3 D B
4 C C
5 A E
6 E A
7 C A
8 D A
9 E C
10 E E
11 E E
12 D C
13 D B
14 C D
15 D D
16 A B
17 B D
18 E D
19 A B
20 D E
21 C A
22 B E
23 C A
24 C A
25 C

http://www.theabr.org/l PhysQues2.htm 3/19/2003
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Representative Computer-based Questions for the Oral
Examination in Diagnostic Radiologic Physics:

Radiation Protection and Safety

Question - You are asked to provide a shielding design for a radiographic room in a new
out-patient center. Comment on the proposed room layout. What shielding would be
required for the room behind the chest cassette? What additional information would you
need?

Patient Related Measurements

Question - The patient shown on the film is concerned about the radiation exposure to her
baby. How would you evaluate the dose and what advice could you give about possible
effects? Would the effects be different if the exposure occurred earlier in pregnancy?

Image Acquisition, Processing and Display

Question - Compare these two radiographs. Which is preferable and why? What is the likely
cause of the problem with the poorer radiograph? What can be done to reduce the effect of
this cause?

Calibration Quality Control and Quality Assurance

Question - What type of imaging equipment is being tested? What specific measurement is
being made? Is the setup correct? What are the current ACR standards for these
measurements? What would you do if the measurement exceeds the recommended value?

Equipment
Question - What kind of phantom is this? What test is it used for? Critique the images?

http://www.theabr.org/l Physcompques.htm 3/19/2003



The President’s
Message

As my last President’s

Message, | would

like to share some
thoughts about learning/
teaching which span my pro-
fessional experience and
academic career (1970-
2002). Why? Because the
experience is a potential
mirror of the past and per-

haps a stimulus to think about a vision of the future.
I'had superb clinical diagnostic radiology training
because of an outstanding faculty, dedicated teach-

ers and my first true mentors. | finished three years |
of diagnostic radiology training in 1970, passed the §
ABR written examination and successfully passed &
the Oral Boards in 1971. In those days the oral |

examination was given one year after completion of
residency. Today,
taught and prepare our residents for examinations as
our teachers did. Has anything changed? Should i?

The following are some of my thoughts:

* | am first a physician and second a diagnostic radiol-
ogist and reminded often that the needs of our patients

come first. Technology transformed the field of diagnos- :
tic radiology and the impact of imaging on patient care. |
Many diagnostic radiologists became image- rather -
than patient-focused. Physician teamwork, collegiality 5.
and integrated patient management are fundamentals of :

the highest quality of care.

e Basic and clinical research are essential for the ;-
future of diagnostic radiology, and we must align
training programs and incentives to meet these
research objectives. Changes at the NIH and NIBIB
provide us with an opportunity. Are we prepared to

take advantage of the opportunity?

¢ Academic medical centers and academic faculty are
facing extreme pressure on time to teach and to explore -
scientific investigation, and teaching in the private prac-

tice of radiology experiences similar pressures.

many of us teach the way we were |

Commenrs from the
Execurive Direcror

M. PaUL CaPp, MD

EXECUTIVE DIRECTOR’S REPORT
“STUFF AND MORE STUFF”

Saying Goodbye: | quote Gibran from “The Prophet":

“And to love life through labor is to be intimate
with life’s innermost secret.”

My 21 years with the American Board of Radiology,
the last nine serving as Executive Director, have indeed
been a labor of love beyond description. The personal
satisfaction | have received in playing a small part in
the growth of the ABR changes, strategies, and impact
on our discipline is also beyond description. Thanks to
all the trustees who made this happen. Please wel-
come my successor, Bob Hattery, from the Mayo
Clinic, who will take over some time this summer.

New Building: To be cost-effective (leasing vs. own-
ing) the ABR has constructed a 31,000 sg. ft. building
in Tucson, Arizona which will permanently house the
entire office. We currently occupy the top floor, and
the bottom floor will be leased. The ABR is pleased
with the overall construction (figure on next page).

New Trustee: | am very pleased to announce that N.
Reed Dunnick, MD was elected to replace Bob
Hattery as a new trustee when Bob steps down from
the Board. Reed joins the trustees while serving as
Professor and Chair of the Department of Radiology at

continued on page 2
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EXECUTIVE DIRECTOR'S
continued from page 1

the University of Michigan. He comes to us with a
strong background in GU radiology and will serve
the Board as category chair, responsible for both the
written and oral examinations. His strong back-
ground will be a.considerable asset to the Board.

Newsletter: The “ABR Examiner” continues to reach
alt diplomates in May and November of each year. |
am personally very pleased to have played a small
role, along with the ABR trustees, in initiating this
newsletter during my tenure as Executive Director.
We all feel very strongly that the newsletter has
served to improve communication, and most impor-
tantly, to keep all diplomates and residents well
informed of Board activities.

President of ABMS: The Board is pleased that
ABR trustee Jim Youker, MD, from the Medical
College of Wisconsin, has now completed his
second year as President of the American Board
of Medical Specialties. Jim has done an excellent
job in leading the 24 member boards of ABMS,
particularly through a difficult transitional period
in developing the Maintenance of Certification
programs. The Board congratulates him on this
esteemed honor; he has represented our disci-
pline well. We thank him for this huge responsi-
bility and a job well done.

Holman Research Tract Pathway: | urge all programs

and program directors to give consideration to guid-
ing medical students with an interest in academic
radiology towards applying for this very important
research pathway. Details can be found on the web
site. The ABR reminds all that the RSNA, R&E

Foundation, is accepting grant proposals from all
Holman Research Tract Pathway designees.

Certification, Maintenance of Certification and
Competency: The ABMS Assembly, representing the
24 member boards, has now officially adopted the
four components of Maintenance of Certification:
Professionalism, Lifelong Learning and Self-
Assessment, Cognitive Expertise (the test), and
Practice Performance. The ABR and ACR have been
meeting the past two years and developing a strategy
toward the preparation of these components. To this
end, there was a most important meeting in
December of ‘01 of the ABR of sponsoring societies
(ACR/ARRS/AUR/RSNA/ASTRO/AAPM/ARS).
Whereas in the past only ABR/ACR discussed matters
of maintenance of certification, the addition of other
members will allow information to be passed to all
their constituents regarding the importance and
future mechanisms of MOC. The committee will
continue to discuss details of MOC and also serve as
the group to be informed of the progress of the MOC
of Physics, Radiation Oncology and Diagnostic
Radiology (including its four subspecialties). ABR
committees of Radiologic Physics, Radiation
Oncology and Diagnostic Radiclogy have been, and
are currently, developing guidelines for these com-
ponents. Details will be forthcoming in the future.

Time-Limited Certificates and Recertification
Examinations: Since time-limited certificates began
in Pediatric and Vascular and Interventional
Radiology in ‘94, and Neuroradiology and Radiation

continued on page 5




PRESIDENT
continued from page 1

* You get what you measure! Are we measuring the
right things? “If our diagnostic radiology residency pro-
grams are to provide optimal training for the next gen-
eration of radiologists, we must replace the monolith of
accuracy with a more complete model of radiologic
performance.”—Gunderman and Nyce

* Residents spend too much time “studying for the
Boards” and not enough time learning, analyzing, gain-
ing sound judgment, caring for patients, doing basic
and clinical research, developing hypotheses and refin-
ing the traits of physicians. No matter how hard the
ABR and academic faculty try to change resident
behavior, paranoia and cramming as part of the prepa-
ration for Oral Boards have not changed significantly in
my 32-year experience.

* Diagnostic Radiology has been a fabulous career choice
and should attract the best and brightest trainees now and
in the future. How will they learn, how and what will we
teach, and how will we measure the outcome?

* My educational experience as a resident was primar-
ily an apprenticeship. My wife Diane and daughter
Angie were trained and educated to teach at the high
school and college levels. | was trained as a physician
and my son Mike was educated with an MBA. Yet, all
of us teach! Were we prepared appropriately? What
should be the credentials of teachers and the experi-
ence of students in the future?

One of the stated purposes of the ABR is to “improve
the quality of graduate education in the medical spe-
cialties in the radiologic sciences.” Regarding the edu-
cational experience, | believe advances in information
management and communication technologies such as
the worldwide web, the next Generation Internet, dis-
tance education, Asynchronous Learning Network, and
intelligent infrastructure will fundamentally change the
educational and the learning environment. In the
future, staff, residents, and students will be able to
acquire most of their instructional material on-line.
Patient simulators will enable faculty, residents and stu-
dents to learn procedures, and web-based instruction
for interventional radiology training will become com-
monplace. Networking and other technologies will aid
faculty in designing and teaching residents at the point
of care. Learning will be more self-directed and will
require a different set of educational skills. The rate of

new research information is literally exploding and
access to new knowledge will need to be instantaneous.
Time for teaching and for learning has been compressed
beyond the effectiveness of current teaching models.
Change needs to permeate throughout the educational
years in undergraduate schools, medical schools, clini-
cal training, and residency and fellowship programs.
The need for expert teachers to keep up with advances
in their field, to integrate them into teaching/learning
systems, and to facilitate learning will not change. The
tools they employ, however, will undergo profound
changes.

The following are some of the key problems that must be
recognized:

* We need time to teach.

* Learning requires multiple sources of knowledge.

* Decreasing “cycle time” of knowledge and skills and
increasing amount of information are necessary for
effectiveness.

* A profound culture shift has taken place. Future gen-
erations will expect a computer on every desktop and to
receive knowledge and educational interactive teaching
programs via computer systems.

Teaching and learning in the twenty-first century will
require new approaches. Perhaps insights from T. S. Eliot,
“Where is the wisdom we have lost in knowledge? Where
is the knowledge we have lost in information?” and
Benjamin Franklin, “Tell me and | forget; teach me and |
remember; involve me and [ learn.” will evoke change.

If we are going to make change, perhaps Rabbi Hillel's
comments should be our guiding principles. “If not us,
who? If not now, when?”

SUGGESTED READING:

1. Gunderman RB, Nyce JM, et al. The tyranny of accuracy
in radiologic education. Radiology 2002;222:297-300.

2. Maclaurin D. The year to learn: how learning styles
differ across generations. Convene 2001;16:50-52.

3. Zemke R, Zemke S. Thirty things we know for sure
about adult learning. Convene 2001;16:6-8.

Rath D, Davis, D, Silver I, Greco M, Snell L.

Presentation skills and interactivity in large groups.

Handout developed by Continuing Education, Faculty

of Medicine, University of Toronto. B




PHYSICS UPDATE

By WiLLiaM R. HENDEE, PHD; BHUDATT PALIWAL, PHD;
STEPHEN THOMAS, PHD

MAINTENANCE OF CERTIFICATION IN

MEDICAL PHYSICS

Beginning this year (2002), certification in diagnostic radio-
logical physics, medical nuclear physics, and therapeutic
radiological physics by the American Board of Radiology
(ABR) will result in issuance of a 10-year time-limited certifi-
cate. To sustain their certification beyond the 10-year limit,
physicists will need to engage in the ABR’s program for
Maintenance of Certification (MOC). Additional information
about the MOC program for medical physicists is available

on the ABR website (www.theabr.org).

The ABR’s MOC program for medical physicists has 4 elements,
each to be completed over the 10-year period beginning with
the date of certification. Once these are completed, the physicist
may request a 10-year extension of certification in the field(s) in
which he or she was originally certified. The 10-year extension
begins on the 10t anniversary of original certification. All infor-
mation required to extend certification should be submitted in
the final year before expiration of certification.

Element 1: Continuing Education Credits

A certified medical physicist is expected to engage in life-long
learning in his or her discipline. This learning process includes
educational activities such as participation in courses and sci-
entific meetings recognized for continuing education credit by
the Commission on Accreditation of Medical Physics
Education Programs (CAMPEP). It also includes engagement in
other opportunities for professional growth, including learning
exercises as a student or teacher, publications such as scientif-
ic papers, learned treatises, task group reports, voluntary orga-
nizations such as the National Council on Radiation Protection
and Measurements (NCRP), the International Commission on
Radiological Protection (ICRP), and programs and committees
of scientific, professional and educational societies related to
the physicist’s area of interest. Different levels of credit are
granted for these and other learning activities. The individual
physicist is responsible for maintaining a cumulative record of
continuing education credits. A formatted and password-pro-
tected file will be available soon on the ABR website to aid in
maintaining the record.

Element 2: Self-Evaluation

A record of employment, major medical physics responsibil-
ities, and involvement in delivery of medical physics services
must be submitted as part of the application for renewal of
medical physics certification. A form for compilation of this
record will be available soon on the ABR website.

Element 3: Letters of Attestation

Two statements attesting to the physicist’'s competence and
diligence in meeting responsibilities must be supplied in the
application for certification extension. The statements must
come from individuals who are familiar with the physicist's
current contributions. One statenent should be provided by
a senior ABR-certified medical physicist and the other from
a senior ABR-certified physician. A form for submission of
these statements will be available soon on the ABR website.

Element 4: Examinations

To receive an extension of certification, the physicist is
required to pass 3 examinations during the 10-year certifica-
tion period. The examinations will be available in 3-year
increments beginning in 2004 (i.e., 2004, 2007, 2010), and
will focus on new information in medical physics. This focus
implies that the examination will focus on new practical
information, and not on basic information on which the
physicist was examined during his or her original certifica-
tion. It will include materials such as NCRP, ICRP, ICRU and
AAPM task force reports, new dosimetry and calibration pro-
tocols, seminal journal articles, data on emerging imaging
modalities, and other information considered essential to the
practice of medical physics. This information will be identi-
fied on the ABR website. Each examination will consist of 50
multiple-choice questions which the candidate can answer
on-line. The examination can be taken as often as necessary
until the candidate passes. Passage of the examination pro-
vides a certificate of completion that can be submitted with
the application for renewal of certification. The candidate can
take each examination anytime after it has been made avail-
able on the ABR website. Candidates are encouraged to take
the examinations soon after they are available, however, so
that the work to extend the certificate is not compressed into
too short a time period before extension is needed.

Physicists certified by the American Board of Medical
Physics have been issued 10-year time-limited certifi-
cates since 1992. ABMP-cettified physicists who have
requested a Letter of Certification Equivalence from the
ABR have received a letter with an expiration date iden-
tical to that on the ABMP certificate. These individuals
may have this date extended by engaging in the ABR’s
Maintenance of Certification program. To obtain an
extension of the date of expiration of the letter of equiv-
alence, the physicist should make a request to the ABR
at least 3 months before the expiration date.

The American Board of Radiology is committed to assist-
ing medical physicists in fulfilling the expectations of
patients and the public for demonstration of continued
competence in the practice of their profession. B




RADIATION ONCOLOGY
REPORT

By DaviD H. Hussey, MD

Relatively few changes are planned for the radiation
oncology examination process this year. This is mainly
because a significant review of the radiation oncology
process is planned for the year 2003-2004.

At present, radiation oncology residents are allowed to sit
for the written examination in the fall of their final year
of residency. However, this will soon not be the case.
Beginning with the class completing training in the year
2004, residents will not be eligible to sit for the exami-
nation until they have completed their training.

It is important to realize that this is similar to almost all
other specialties. Although diagnostic radiology residents
will still be allowed to take the examination during the
last year of their residency, the certification examination
for most all other specialties are delayed until the resi-
dents have completed their residency.

Because the class of 2004 will be delayed a year, the ABR
anticipates that there will be relatively few radiation oncolo-
gists taking the written examination in radiation oncology in
the Fall of 2003, or the oral examination in the Spring of 2004

The ABR plans to use this time for a major review of the writ-
ten examinations for both primary certification and re-certi-
fication. The questions in the databank will be reviewed
even more carefully than usual for relevance and clarity, and
the distribution by tumor site and content area will be re-
assessed for each of the written examinations.

EXECUTIVE DIRECTOR'S
continued from page 1

Oncology in ‘95, committees have been working hard in
developing the recertification examinations to be ready in
2003, 2004 and thereafter. These will all be computerized
exams. and available at sites in Tampa, Florida; Chicago,
Hllinois; and Tucson, Arizona. All those with time-limited cer-
tificates will be advised approximately one-year before their
certificates expire with details of the MOC examination.

Thank you: In the year 2001, ABR examinations totaled
16,499, with 13,992 in Diagnosis (1,075 in Certificates of
Added Qualifications), 1,483 in Radiation Oncology and
1,004 in Radiologic Physics. These numbers include all

Each year a concerted effort is made to assure that the
examinations are up-to-date — that the examinations
reflect the current state of practice of radiation oncology,
the distribution of questions is appropriate, and the diffi-
culty of the examination does not change significantly
from year to year.

The ABR uses several sophisticated psychometric tech-
niques; i.e., equating, procedures, and periodic Angoff
analyses, to assure that the difficulty of the examination
stays relatively uniform from year to year. To assure that
the examination is relevant and up-to-date, the ABR uses
a panel of experts in the field, as well as input from the
candidates themselves.

The candidates’ surveys, which are administered at the end
of each written examination and at the end of the day for
the oral examination, are very helpful in this regard. For
example, the numbers of calculations on the physics exam
have been decreased slightly over the past several years
because of concerns expressed by the residents. Also, the
distribution of questions by tumor site will be modified this
year, partly upon the basis of candidate surveys.

Over the past several years, the ABR has been evaluating
the content for the cancer and radiation biology exami-
nation in order to make it better reflect the changing
knowledge base of the field. The biology teachers in all
residency programs were surveyed to get their opinion of
what radiation oncologists should know. The biologists
then met at the 2000 and 2001 ASTRO meetings to
establish a new curriculum for cancer and radiation biol-
ogy. The ABR will use this information to modify the
examination over the next few years. B

the individual written and oral examinations. As my last
parting comment, | want to thank each and every one of
you, and that includes hundreds and hundreds of diag-
nostic radiologists, radiation oncologists and radiologic
physicists who have contributed to the great details of
developing individual questions for the written exami-
nations, and so many of you who have given your time
and individual effort for the oral examinations over the
past nine years. | wish | could personally shake each
hand. There are no words to express my appreciation,
so all | can say is thank you for the past nine years and for
raising the bar in radiology for better patient care. Bl




EXAMINATION STATISTICAL SUMMARY

Diagnostic Written Exam: 2nd & 3rd Year
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EXAMINATION STATISTICAL SUMMARY, CONTINUED...

Diagnostic Neuroradiology CAQ: Full Exam vs. Condition Exam

Pass% []Cond% @ Fail% :
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Diagnostic Vascular & Interventional CAQ: Full Exam vs. Condition Exam
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Full Cond Full Cond Full Cond Full Cand Full Cond
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EXAMINATION STATISTICAL SUMMARY, CONTINUED...

Pediatric CAQ: Full Exam vs, Condition Exam

5% D Cond% @Fail%

2%

Special Competency Nuclear Radiology: Full Exam vs. Condition Exam
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EXAMINATION STATISTICAL SUMMARY, CONTINUED...
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Radiation Oncology Written Exam: First Time Takers vs. Repeaters
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Radiation Oncology Oral Exam: First Time Takers vs. Repeaters
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EXAMINATION STATISTICAL SUMMARY, CONTINUED...
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Physics Oral: Full Exam
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<m5:g~a,ﬂ One Person's Reflections on the ABR Exam in Radiological Physics
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i The American Board of Radiology Board Exam in Radiological Physics

£ was held on June 18, 1977 at Dallas (Southwestern Medical School). There

P were seven people takxng the exam in Physics in a very large room that
also had all of the people who are taking the Radlology Board Exams. .
There were probable about 40 or 50 of them also in the room. The room
lighting is rather poor.

The exam consisted of two parts basically. .In the morning there
were 150 questions which were 3 types. First, there were multiple choice
questions, possibly about 30 or 40 of them followed by about 50 or 60 '
true-false questions, However, each one of these trve-false was of the
multiple true-false variety in which 5 answers were qnven and each one:
had to be marked either true or false.. So this meant that there were
many, many more then 150 questions on' this first part. In fact, even ™
working as fast as possible | found that it was really impossible to
compiete the first part in the time allowed which was four hours. =

We were suppose to be there at 8:00 in the morning. When the roll
call was called there were 3 raciologists absent and it is standard pro-
cedure not to begin the exam until everyone is present. |f they don't
show up they have to wait until 8:50, So we had to sit around waiting
until ten minutes to nine to becin. | understand the same thing has
been the case for the past ten years. In-.any case we began at 8:50 and -
we were able to continue the first part of the exam til ten minutes to S
one. None of the people in Physics left before the four hours was up:
and in talking to them later everyone agreed that .it.was much too long
-and no one really could finish. | know in my case there were a’ numberﬂf*y3f
of rather ambiguous and difficult questions that | skipped over hoping: =
‘to come back to them later at the end and 'l never did get back to them.: '
There was really such a press for txme.v' R A A

Of these three types of questlons the true-false were by far the
most difficult. - One really didn't have time to thlnk and analyse the
situation carefully. One simply had to go as fast as possible, which .
meant in some cases that one was forced to make a. guess.» They were qu1te’
ambiguous. I L

Lets get back to the multiple choice questions. There were many =
types, such as basic general physics questions, " Some questions |nv01V|ngf
medical terminology which | found to be rather difficult in some cases,
other cases were pretty obvious. There were questions involving Nuclear
Medicine, Diagnostic Radiology, and Radiation “Therapy. Dosimetry was -
very heavnly emphasized. The general’ physucs questions were basxcally.
quite easy. One question involves a simple thing like throwing a ball
up into the air with an initial velocity glven"how far does it travel
straight up? Another questicn was at what" temperature do you have the "

. same numerical value on both the Cent:grade and Fahrenheit temperature:
scales? (-40°) One question involves a ‘particle: moving 6/10 the speed
of light and you were asked to figure out what was: the ratio of the -
relativistic kinetic energy to the Newtonlan klnet:c energy. . There were
~only a very few of general physics’ type; questlons this: year’*-l under-
.stand that in past yearsﬂthere have ‘quitea few.of them.'




o v o . o ' q o ;: e - EREEE Page 2 ]

Of course they were careful to give mlxed unats in these problems so
that one had to be careful. - E o N -

One type of question that | thought was very difficult involved a -
cross sectional cut through the body at the location of T-12 and we were
asked a question about a number of organs and you had to tell which one.
the plane did not cut through. There were a number of medical questions.
One involved different types of tumors-the sarcomas’ and other types- and_
you were asked to determine the type of txssue in whlch these tumors '
originated. S e L

There were many questions on the exam having to do with the inter-
action of photons in matter. Much on photoelectric effect, compton . .
scattering, pair production. They ‘asked. about some of the flne ponntsf*,f}
of interactions of radlatlon in matter.,,'w ; o

There were quxte a few quest:ons on dosxmetrlc technlques havung
to do with aspects of Bragg Gray cavity theory, of use of Victoreen
chambers. One guestion asked to compar -'the kerma curve w1th the dose”
curve for infinitely thick media. - : \

The nuclear medicine questlons| thought were paftxcularly dlfflcu]t“
Quite a few involved statistical considerations, e.g. Poisson, binomial,
‘and normal distributions. There were a number of qus :stions on radio-.. .
.biology. You needed to know the names of the important people and to .
‘relate them to basic roncepts, e. g rractlon cell mxtosxs, etc.v;_ s

In the multiple choice questions, a good bat oF calculat;ng was‘r
‘necessary to get the correct answers - most snmplevbut time= consumlng
. Lots of questions on HVL, radioactive decay, etc.. “Question: A source
' decays at rate of 5% per hour.3 How,long untt!' t decays to 50/ level7

At the end of the morning sess:on “there were about 25 matchlng
questions - these were probably the eaSIest tofanswer.u Fatrly bas;c
sconcepts. ‘

The second part of the exam began at’ 2:10:P.M. % This session’ con-
sisted of essay and problem questions. - The‘number that you have to-:..:is
- answer depends on whether you are taking the exam in Radiological. Physics.
or one or two subfields only. Radiation: Therapy & Dlagnosic not too
bad -~ Nuclear Medicine were very dlfflcult | “thought. ‘

Here are some examples that
exact, nor are they comp]ete) i

Therapy (4 given)
1. Three field plan in treatment.
: isocenter.

at isocenter for each field..
is it. Alternately if tumo,,

problem out of Johns book
each case, doses at dmax,:
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on the use of zero area data.

3. General discussion & comparison of % depth dose, TAR, and TMR.
Show how they are releted, etc.

4, A problem involving radium in some rather odd geometrical shapes
(disks, etc.) You had to determine exposure rates, | believe.
(1 skipped this one)

Therapy Protection (2 given)
Calculate dose from internally administerec fictictious isotope.
Nuclear data supplied. You had to go through the whole business
but not too bad. :

(I do not recall the second problem.)

Diagnosis (4 given)

. Compare xeroradiography with film-screen and no screen systems
for mammography. Discuss Mg vs W ancdes, Al vs Hy Filters,
etc. Discuss entrance skin doses, image formation methods,
etc.

2. Describe the slit method for carrying out a measurement of the
MTF, give math involved, and discuss,

r . . . .

3 Cine croblem involving overf ng, etc Saeveral parts in this
gquesticn not recalled., Also compare calciun tungstate with
rare earth screens.

L, Discuss the sources of, and contributions t>, noise in the
radiographic image. (had several other parts)

Diagnosis Protection (2 given)

1. Rcom layout given for a 125 kVp radiographic tube. Workload
given, make assumptions and calculate barrier thicknesses for
the room, etc.

Nuclear Medicine (4 given)

1. Cal. flux density from a 1 mc IMre source at 1 & 5 cm. Then
compute the exposure rate constart. Calculate the activity
needed to deliver 8000 rads from 13‘] to thyroid. Table of
data supplied. Calculate % uptake and error in a 13!} situation.

2. Give full description of 5%Fe - Ga red cell volume (dual isotope)
procedure and the ferrokinetics involved. Discuss origins of
various peaks that appear in spectra (photopeak, escape peaks,
etc.).

3. There was a problem involving acanning of a tumor and you were
asked about the statistical evaluation of the scan. | do not
recall the details on this problem. (It was one | skipped.)

L4, There was a problem on: How do you do an absolute calibration
of a I9MT¢c source?




Page 4

Nuclear Medicine Protection

I. Calculation involving the dosimetry of internally administered
isotopes. (A lot of emphasis on the exam seemed to be placed
on this type of calculation).




_moderately easy and the many short and specific protlems which

This is a summary of some questions and statements about the ABR written

~ exam which was given on June 18, 1977,

O
Morning Session Part I —f‘{g-)
(ab .
This session consisted of a large numberiof true-false, multiple choice, and
matching questions which dealt with basic radiological physics, ultrasound,
anatomy and physiology, radiation protection, thermodynamics, and other .
miscellaneous topics in medical physics. It is hard to remember too many
specific questions about this session. In general, I thought that the

a7
anatomyAiﬁ~physiology were slightly difficult. The basic physics was

LU@YZ;ZZ

be worked did requiréiuse of a hand calculator‘for simple mathematics

solutions. I believe it to be Very important to budgzet time very carefully

in this session in order to finish all of the questions on time. Many of

these questions could be answer:d in just little more time than it takes

to read the question carefully. However, a few did require a little scratch
oL

paper mathematical analysis in order o solve. The anatcmgag;:ﬁ;hysiology

did 'seem to be more difficult to me but as a physicist I felt inadequately

prepared for some of the detailed questions in thosegggg;eas. I would

definitely recommend a copble of weeks study in those $ areas before taking

this exam unless a person felt that his background was adequate alrcady.

Afternoon session Part IT
This session consist of specific problems in the field which I chose, thera-
peutic radiological physics. I can remember in fairly good detail all of

the problems which were on this Part II of the exam.
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Problem 1. This problem consisted of a straightforward isocentric treatment

plan for a cobalt 60 machine. Three rectangular ports, each of different
size spaced 120° apart, were aimed at a point in tissue which was not the
center of symmetry of the transverse plane anatomical section. Eﬁoughi
tabulated data was given in the form of a tissue air ratio table and a
table of equivalent squares of rectangular fields and the necessary machine
perimeters like the isocentric.output dose rate and other miscellaneous
factors were given. One was asked to find (a) the treatmentvtimes_for
egual dose ccntributed per field at the fﬁmor site (b) treatment time fof
a total of 180 rads per session each port being treated for the same time
and )(c) the maximum doses at maximum buildup in tissue was to be computed

in each case.

-~

Problem 2. This problem consisted of a calculation of the scattered radia-
tion component at a certain depth d in tissue for a certain beam size.
Actually what was gilven was a percent depth dose table which included the
"O" area column in addition to other square field columns. One was asked
to compute the primary and scattered dose fractions at a certain depth in
tissue for a certain beam size. Of course, this makes use of the "O" area
data in addition to the percent depth dose data for the given beam size.
After that was done the question continued in an examination of how "Q"
depth data is measured or obtained experimentally for a given treatment
machine and to list as many uses as one could think of for this type of

data.

Problem 3. This problem consisted of a analysis of the dose rate due to a

uniformly radicactive disc of radium 226 in equilibrium with its decay
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broducts and a ring also with uniform activity per unit length. The disc
and ring each contained the same number of milligrans of radium with the
same filtration. One was asked to calculate or estiﬁate the ratio.of*the
dose rate produced by the ring divided by the dose rate produced by the "
disc along the central axis of eacﬁ source. Also whén this was finished
the lateral dose rate ratio distribution was to be plotted or calculated.
This problem of course is an example of the basic philosophy of the-Q?é;;Qé -

Patterson Parker radium systems.where is in my opinion is illustrated only

to point out the differences in the 2 sysiems. le
: ,WWW?

Problem 4. This problem consisted of an isotope protectlon‘ a spe01f1ed
dose éf an isotope hav1ng 2 beta emissions is given to a particular patient.
The beta maximum energies and percentages are given, also the half life and
the dosage in curies per kilogrem. The organ uptake percentege is given
and one is asked to calculate the organ dose rate and total dose for the
decay ofthe isdtope. After this is done, there are several other questions-

that involve the kind of assumptions that are made in this type of calcula-

tion and an estimation of the error caused by these assumptions.

Problem 5. This was also a protection problem which involved the design

of the primary and secondary wall thicknesses for a certain cobalt 60

vk fosd
treatment room. The room plan layout was given, also the, EE? per week for
pAti et '
the particular thelupykload was given. The necessary information for concrete

IOT?Q—Zgig:z'thlckneos and such information was also given. This problem seemed
to be a straightforward room shielding type problem which involved the
calculation of concrete thickness both in the primary beam and at several
other selected points in the scatter beaﬁ regions. It appeared to be fairly

long and tedious but otherwise fajrly straightforward;
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As I said at the beginning, I do feel that the test was fairly straight-
forward, certainly in the physics areas,and not too difficult overall except
’/,4;/7 :C/T .

at the morning session,é%@ééaa}y-was long for the t:me allotted for its
completion. The afternoon session could be completed early so that one could
go over answers idesewisat@id and still not exceed the time allotted.
Perhaps the afternoon session seemed fairly easy since it dealt more
specifically with the type of work which is routinely carried on in

therapeutic radiological physics.

LED:fz
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Reference your letter of 25 July 77 regarding input to aid members of TRMP
in preparation for their ABR examinations in Radiological Physics, I would
like to provide the following advice to those preparing for the written

examination.

The first portion of the examination is basically a high volume quick re-
sponse multiple choice, multiple true false examination. There is insuffi-
cient time to reason through most questions. It is, therefore, necessary to
study for quick reca’l of a large volume of facts, formulas, and information.
There is very little opportunity to return to any questions which are skipped.
One is well advised to keep a close watch on time. It is permissible to
return to any question or page within the first part until the papers are

turned in.

One matching question is recalled where in the transverse slice of computer-
jzed tomographic scanner was stated and a 1ist of organs given which might
be experienced in the normal anatomy at that level.

Both sections of the 1977 examination were heavily weighted toward radiation
protection for diagnostic and therapeutic x-ray. Although tables, graphs,
and charts were provided, the necessity to recall the exact form of each of
the formulas in NCRP report #49 was totally unexpected. If this format is to
be continued, it may be expectec that reference material where one would
customarily seek the equation and the accompanying table, chart, or graph
concurrently may be separated ard the candidate required to recall the
equations independently.

The second portion ot the examination was composed of questions any one of
which could have required 1-1% hours to complete. Although the questions

were not especially difficult, value judgments. calculations, and a %@p@agw
v . > o ¥
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volume of writing can be expected. One would be well advised to take at
least six sharpened pencils for this portion. In general, it might be said
that the examination tests rapidity of recall, rapidity of action, and stamina

more than specific data.

I hope you will find the above information of some value in the preparation of
your document.
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The attached material is a set of sample questions from previous American Board of

Radiology written examinations for physicists. You will.note that there are a group
of questions from Part I of the examination which includes three types of questions as
follows:

A-type Single best answer out of four or five choices.

X-type Multiple true or false answers. Any answer can be
either true or false.

B-type Usual matching type of question. Any of the five
answers can be correct for each of the four questions.

Performance characteristics of the question are stated for each question. The 'p"
value indicates the percentage of correct answers for all takers. The "r'" value 1is a
measure of the discriminating ability of the question as evaluated by the upper 10% of
takers compared to the lower 10% of takers. Upper and lower 10%Z is determined by
grade on the overall examination.

There are several questions from the Part II examination in the three fields: ’
Therapeutic Radiological Physics, Diagnostic Radiological Physics, and Medical Nuclear
Physics. )

It should be noted that these are actual questions which were used on previous exam-
inations. They will not be used in the future. These questions are being supplied
simply to acquaint prospective candidates with the structure and level of difficulty
of previous examinations. No change in structure or degree of difficulty is antici-
pated in future examinatioms.



Type A

For a nuclide X with the decay scheme

p=42 r=23

X

N
i

How many gamma rays are emitted per 100 disintegrations of X,

for internal

Type X

Type B

conversion is 0.25%

A. 65
B. 70
c. 75
D. 80
E. 85

The velocity of sound in air is:

not dependent on wavelength

generally independent of pressure
proportion to the square root of the absolute temperature

proportional to the square root of the absolute temperature
dependent on the square of the frequency

1) p=80 r=38
2) p=65 =67
3) p=64 r=62
4) p=77 r=46

if the coefficient

A 200 pound man is standing on a spring operated scale in an elevator.
Match the conditions 1-4 with the scale readings A-E.
(Scale readings A-E may be used more than once.)

Type A

In order to produce an Al-2
MeV, what projectile energy is required
where the asterisk denotes an excited nuclear energy state.

DATA:

Elevator at rest
Elevator accelerated upward
at 32 ft/sec?

Elevator descending at 32 ft/sec D.

Elevator falling freely

2751 26.989%amu
25Mg 24.9938amu
1y 1.008123amu
2y 2.014708amu
931-meV = 1 amu

A. 12.35 MeV

B. 17.65 MeV

C. 32.65 MeV

D. 47.32 MeV

E.

3764 MeV

A. LZero

B. 100 pounds
C. 200 pounds
300 pounds
E. 400 pounds

p=54 b=bd

7 compound nucleus with an excitation energy of 30.0
for the process 25Mg(d,

)2741%

e



Type X p=83 r=12
Indicate which of the following statements concerning electron capture is/are

true:
A. May occur when the energy levels of the parent and daughter nuclei
differ by less than 1.02 MeV.

B. Is accompanied by emission of a neutrino.
C. May have gamma-ray emission associated with it.
D. May have characteristic x-rays associated with it.
E. May have Auger electrons associated with it.

Type A p=60 r=40

The dose per millicurie to the empty gallbladder (mass 10g, absorbed fraction
0.022) is 9 rads for 99mT.. With the kinetics assumed to be identical, what

is the dose per millicurie to the gallbladder plus contents (mass 70g, absorbed
fraction 0.066) for 99mTc?

A. 1.3 rads
B. 3.9 rads
c. 9 rads ,
D. 63 rads
E. 189 rads
Type X p=81 r=23

Which of the following enters into the computation of the exposure rate constant
(T) for a radioactive nuclide? '

A. The energy (E;) of photons emitted by the nuclide.

B. The mass attenuation coefficient (w/p) for photons of energy
(E;) in tissue.-

C. The fractional emission (nj) of photons from the nuclide.

D. The f-factor. for photons of emergy (Ej) in air.

E. The mass energy absorption coefficient (Wen/p) of air for photons
of energy Ej.

Type A p=38 r=35

If the rate of decay for a single radionuclide is plotted logarithmically as a -
function of time (i.e., logjpdN/dt vs. t), the slope of the line will be:

A. /303

B. =~ 2.303X
C. -

D. 2.303/x

E. 2.303



Type B p= 1) 83 r= 20

2) 83 6
3) 66 40
4) 60 26

The radioactive nuclide AX can spontaneously disintegrate by several modes of
z

decay. For each of the modes of decay (1-4), select the most appropriate decay
product nuclide (a-e).

A-1 A
1. Gamma Emission a) X d) X

Z-1 Z+1
2. Positron Decay

A A+l
‘3. Electron Capture b) X e) X

Z Z+1
4. Internal Conversion

A
c) X
Z-1
Type A p=42 r=38

A beam of 100 keV photons with a 1 x 1010 photons/cm is incident upon a

thin absorber. If 1% of the photons interact in the absorber and the mass energy
vabsorptlon coefficient is 0.1 cm /g and the total mass attenuation coefficient
is 0.2 cm /g, how much energy is absorbed by 1 em? of the absorber?

A. 1 x 108kev

B. 5 x 108kev

b

C. 1 x 10%ev

10%kev

o]
1%}
™

E. 1 x 1010kev
Type X p=52 =46
Which of the following statements is/are true concerning the interaction of x- or

gamma-ray photons with matter?

A. For any Z, the Compton effect predominates for photon energies
between 0.8 and 3 MeV.

B. For low Z materials, the Compton effect predominates over a much
wider range of energies than 0.8 to 3 MeV.

C. For any Z, the photoelectric effect is dominant below 0.8 MeV.

D. For any Z, the pair production effect is dominant at energies greater
than 4 MeV.

E. TFor very high Z materials, the pair production effect becomes dominant
at energies below 4 MeV.



Type A p=90 r=20
One cm of a material reduces the intensity of a collimated beam of gamma rays by a
factor of 2. What is the photon mean free path?

A. 0.34 com
B. 0.69 cm
C. 1.00 cm
D. 1l.44 cm
E. 2.88 cm
Type X p=79 r=23

1f 1 rad is the uniform dose to 10 gram (g) of unit density tissue, 5g of this
tissue receive

A. 0.5 rad
B. 1.0 rad
C. 2.0 rad
D. 5 g rad
E. 10 g rad
Type X p=47 r=20
The gray is the special name in the SI system of units for which of the
following:

A. Specific energy imparted
B. Absorbed dose

C. Dose equivalent

D. Absorbed dose index

E. Kerma

Type A p=50 4=8
Two similar phantoms are treated with radiation having different HVLs (half-value
layers). 1If the entrance dose is the same for both phantoms but the exit dose is
lower for one phantom, then the integral dose would be:

A. About the same for both phantoms

B. Greater for the phantom with the higher exit dose -
C. CGreater for the phantom with the lower exit dose

D. Dependent upon dose rate (rads/min)

E. Dependent upon SSD (source-skin distance)

Type X p=67 r=29
A thin pencil beam of 60co gamma rays is incident upon a mass of water thick
enough to absorb essentially all of the incident energy.

A. The area under the kerma curve and the absorbed energy curve
as a function of depth to infinity is the same.

B. The kerma curve shows a build-up point just like the absorbed
dose curve.

C. The point of maximum build-up on the absorbed dose curve will
occur at approximately 1.0 cm depth.

D. The kerma curve and the absorbed dose curve are parallel at
several cm depth in the phantom.

E. The absorbed dose curve will lie slightly above the kerma curve
at several cm depth in the phantom,



Type A

p=42 r=38

Under ideal conditions, an ionization chamber containing one gram of air is
exposed to a uniform flux density of gamma rays. With air wall equivalence, how
much ‘charge is collected from the chamber when it is exposed to one roentgen?

-

YO W)

Type X
The line

E.

Type X

2.58 x 1073 ¢
2.58 x 1074 ¢
2.58 x 1075 ¢
2.58 x 1076 ¢
2.58 x 1077 ¢

p=67 r=45

source used in measuring a modulation transfer function:

Should have a sinusoidal structure

Should have a uniform linear activity

Should have a width at least 10 times less than the reciprocal of the
highest resolvable frequency of the system being measured

Can have internal structure, but only over a region less than 1/10 of
the reciprocal of the highest resolvable frequency of the system being
measured

Should have a length no more than twice its width

i

p=76 r=38

On a volume basis a silicon detector is more sensitive than an air ionization
chamber because:

W goa wpr

.

Type A

The atomic number is higher

The polarizing potential is higher
The density is greater

W is lower

It must be cooled

p=60 =27

With only a few exceptioms, the slopes (D,) of the straight line portion of

x-ray survival curves for mammal cells cultured

"in vitro" falls between:

50 to 100 rads
100 to 200 rads
200 to 300 rads
300 to 400 rads
400 to 500 rads

p=81  r=38

of the cell cycle during which chromosomes are visible is:

T

M



Type X

p=72 r=35 -

The oxygen enhancement ratio:

A,
B.
C.
D.

E.

Type A

is greater for photon beams than for neutron beams.

Is important in deciding a fractionation schedule.

May explain the failure to control some tumors by radiotherapy.
Shows that oxygen is a sensitizing agent in the biological effect of
radiation.

Can be determined by cell survival studies.

p=50 r=23

A compound with an infinite biological half life in a particular organ may be

labeled with one of two radionuclides A or B, each of which emits a single photon.
Compared to A:

For equal
component

A.
B.
c.

Type X

the absorbed dose constant for B is twice as great
the absorbed fraction for B is twice as great
the physical half life for B is half as great

concentration of the radionuclides in the organ, the penetrating
of the radiation dose from B compared to A would be:

four times greater
Twice as great

the same

p=65 r=29

Tritium contamination may be measured by:

) -

mupm»

Type B
Match the

a gas-flow ionization chamber

an end-window Geiger counter

a sodium-iodide scintillation counter
a gas-flow proportional counter

a liquid scintillation counter

p=64 r=29
following protection requirements with dose equivalent value.

Control of area required ) A. <2 mrem in an hour and <100 mrem
in any 7 consecutive days
Radiation area sign required
B. >2 mrem in an hour or >100 mrem

Unrestricted area in any 7 consecutive days
High radiation area sign C. >5 mrem in an hour to major
required portion of body

D. 2100 mrem in 1 hour to major
portion of body



Type A

p=88 r=15

It is customary to use the nmotation yj, ¥2,-..¥p for measurements y in a
sample of size m drawn from a population n. The mean of the sample measurements iss

A.

B.

Type A

not

y.—-

“< |
n

w |
I

« |
]

calculable from the description given

1i

n vi
i=1

14

il vi
i=1

1i=m

m I ¥i
i=1

li=n

il yi
i=1

p=46 r=31

A promising new mode of therapy shows that 79 of a total of 121 patients get an
excellent response, i.e., go three years disease-free. The 95% confidence
interval estimate for p, the probability that a patient will remain disease-free,

is equal

A.
B.
C.
D.
E.

Type A

to:

.20
.30
.50
.57
.90

to .40
to .90
to .60
to .74
to .95

p=65 r=54

The number of counts required to achieve a 0.1% standard error in percent of the
mean at the 68.3% confidence level is:

A.
B.
C.
D.
E.

Type A _
Indicate
the body

A.
B.
c.
D.
E.

Type A
' Which of

A.
B.
C.
D.
E.

1,000
10,000

100,

000

1,000,000
10,000,000

p=80 r=13

which is the correct sequence of the path of excretory wastes in man from
to the outside. :

Bladder, blood, kidney, ureter, urethra
Blood, kidney, urethra, bladder, ureter
Blood, bladder, urethra, kidney, ureter
Blood, kidney, ureter, bladder, urethra
Blood, bladder, ureter, kidney, urethra

p=85 r=15
the following tissues is the most radiosensitive?
CNS (brain)
Cardiac
Skeletal
Thyroid

Hemopoietic



Type A

- p=63 r=73

- The plasma protein which is coagulated by the enzyme thrombin to produce a blood

clot is:

A.
B.
c.
D.
E.

Type B
Match the

Type B

Albumin
Fibrinogen
Prothrombin
Hemoglobin
Ferritin

following terms A-E with the definitions 1-4:

Atrophy 1. Irregularity of muscular action
Atelectasis 2. A dilated artery or vein sac
Ataxia 3. Collapse of a lung
~"Artherosclerosis 4., Arterial lesions containing
Aneurysm cholesterol deposits
p=73 r=38

For each numbered term 1-4, match the most closely associated anatomic region

A-E.

A.
B.
C.
D.
E.

t

Brain 1. Hydronephrosis
Bone 2. Osteopososis
Kidney .40 3. . Hydrocephalous
Joints .90 4, Arthritis

Liver



,?1. One cm of a material reduces the intensity of oimated beam of

gamma rays. What is the photon mean free path?

a) 0.34 em
b) 0.69 em
c) 1.00 cm
d) 1.k4 em /
e a8Bem

$2. 1f 1 rad is the uniform dose to 10 gram (g) of unit density
92 tissue, 5 g of this tissue received

A. 0.5 rad h%‘??

B. 1.0 rad
€. 2.0 rad
D. 5 g rad
E. 10 g rad
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(EE?)G%i The gray is the special name in the S| system of units for which

of the following:

a) Specific energy imparted

b) Absorbed dose

c) Dose equivalent
d) Absorbed dose index

e) Kerma




T3,

Given the loop and disc of radium shown, if the loop (1), and disc (d) are of the same diameter (A) and have
she same tota! radium loading, explain

2. Why the ratio of the dose rates D,/Dy is equal, greater or less than unity.
b. How D,/D, behaves as “h" varies.

e. How the dose distribution varies in a plane parallel to the loop and to the disc as a function of h.
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PART II &7

THERRPY

?roblém i
part A:

B 4 MV x-xay beam is calibrated at 5 cm depth in a water phantoml with

a carbon wall jonization chamber of equilibrium thickness for 60¢co.

fhe chamber has & volume V and 2 calibration factor of 6 x 106 R/coulomb
for 60cn. Stating all assumptions necessary at each step. rigoyously
derive a yrelationship between the reading R of the chamber and the

dose Dypeg ™° the medium at 5 cm depth, using the approximation wherever

pecessary that the chamber wall is gimilar to the water medium. gimple
gubstitution of C) is not an appropriate derivation; instead, the

selationship petween Dpeog and R must be derived in terms of mass stopping
power ratios, mass energy absorption coefficients, etc.

part B:

From the relationship derived in Part a and from data in Table 2,
estimate the dose in water for a reading of 2.6 % 107 coulombs.

TABLE 2

§ = 0.957 gearpon (?%0) = 1.010
alx
A = A = 0,985

carbon
S.ir (4 MV x Tays) = 1.002
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PART II
THERAPY

Problem 2

{4) Part A:
In figures (a) and (b) below, phantoms of two different shapes are
irradiated with 60co fields of 10 x 10 cm2 area defined at points P
and Pp. Points P, and P, are at depths of 10 cm each and are at the
calibration dlstance from the source. The calibration dose rate in
air is 100 rads/minute. With TARs from the attached Table 3 calculate
the dose rates at points Py and PFy.
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Teble ed (Coa't) Tiksve-Air Ratios for Cobalt 80

2585 S0XS0

d(em) 8X15 8X20 10X10 10X 15 J0K20 12X 12 15X 15 15X 20 £0X20 20X S0 $5%J3
%.85  1.037 1.031 1.05 1.042 1.8 1.041 1.@51 1.05¢ 1.063 1.071 1.07S° 1.080  1.684
i 1.082 1.035 1.051 1.038 1.843 1.03% 1.048 }.05¢ 1.062 1.060 1.072 1.079  1.08%
] 3.005 1.009 1.004 1.013 1.018 1.014 1.928 1.032 1.640 1.049 1.05%2 1.059 '1,065
3 ‘975 .980 .674 .885 .B00 865 609 1.006 1.016 1.026 1.029 1.088  1.044
4 Big ,.B47 .B40  .932 959 853 .e68 .977 .987 .609 1.002 1.014  1.021
8 ‘go7 .918 .905 .p18 825 .18 .BSG 946 .951 .BT1 G746 98B 008 -
8 gs0 .876 .867 .882 890  .883 a0z .01 .0e5 .80 .B4S .85 870
9 .80 .837 .87 844 "g53  .845 .806 878 .803 808 613 .829 841
8 qp0  .798 .787 .80 815 .80G 830 .s4e .83 .8T7 .881  .B9S 912
8 761 .760 .747 .767 .TI8 .768 793 .@08 .B25 .B45 .Bep  .BED .882
10 ‘g13  .7e2 300 720 .96l .730 756 771 .780 .811 .816  .BS7 852
i1 875 .ess .672 .69 T4 .g82 .T1D 436 .755 .771 .782  .803 L8320
i2 .840 .650 836 .857 €70 658 885 .702 722 744 .750 T2 790
18 .807 .618 .803 625 .38 826 858 .§70 L850 JT18- .720 .748 782
14 E75 .686  .871  .898 (806 894 .e22 639 .80 .88¢ .601 718 T8
18 545 8556 .540 LE63 .88 .B638 883 .610 L8388 856 862 687 L7068
18 516 827 .B10 838 EAT L8338 L&88% .B8¢ .805 828 884 880 879
17 .488 .499 .488 808 .819 . 506 888 B854 BT .601 .808 .883 853
i8 .46¢2 474 457 .67 , .493 N-¥i . 802 528 .5831 815 582 807 .87
19 .438 .449 .488 .4585 L4659 .455 L4858 863 .B28 - .B50 .B57 .E88 .80
£0 .415 428 .410 .431 8435 4381 .461 479 802 - v .834 580 .580
22 360 .880 .S64 .385 .B9R S84 .41 .43] 458 .é81 .488  .B15 L5395
24 ‘g29 .se0 .BR¢ .335 .858 .845 .87 .30 812 .488 848 - ..471  C.402
26 ‘204 .s04 .2c0 .300 .s2¢ .308 .836 .82 873 .S88 405 .48l 651
£8 L9268 270 857 275 288 L2768 .902 .920 .289 .862 .868 .858 .418
80 ‘g3 .es2  .898 .845 .257 .2¢4 208 .28S 806 .S28 .835  .858 .8T7
® This entry is elso the backseatier factor.
Ve A i o
PART II - 3 ﬁw
THERAPY

A transit dose measuring device in
correct the tumor dose for body in
fields are used at SSD 80 cm to trea
The transit dose measurin
patient transmitted 32%
calculate the tumor dose for a given do
fields, assuming that the tumor is near

of the radiation.

Assuming unit density tissue.

stalled in a 60
hofiogeneities.
t the thorax of a patient of actual
g device showed that the
With the attached tables 4-6,
se of 150 rads to each of the
the center of the patient:

(i1} Taking into account inhomogeneities.

Circle the data in the tables you used in solving

?nts Problem 2
4) Part B:
thickness 24 cm.
(i)
{2) part C:

In Part B, why is the assumption nec
pear the center of the patient?

Co unit is used to

-

Two opposing 10 x 10 cm

the problem.

essary that the tumoxr is located
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TABLE 5

FABLE X-6
Pamsugrens UBEFTL X ConrrECTING JsnLUsE PaTTERRS FOR Awr Gars
.- 88D Absarplion pev / E:MWQ.S:W )
) 4 Radiation {em) - em {air gap s B o=
o Th
HVL-2 mm Cu &0 10.§% 2.1 » .
HVLA 2w Cu 0 8.5% oL
Co-137 85 5.5% e- ‘e
[ 80 5.9% 9.5,; b
& Biv 169 &.9% - 1. &
g3 by - 100 £.0% .
% - TABLE © -

o TABLE XIi1-3
8 CexT or 4 Conart 80 Beaw Taaxssirrzo Turorcu 4 Uxir Devsity Puavron
dlzasureo Uspen CoNbivioss or No Scatren
{Counrteay Brit J Radiol {§])

?k’;i; nees e Thicknass Thickness
. S0 Trans. em %% Trans, em € Traws.
12 ’
18 :4:-'2 20 €8.1 gs i6.7
15 33.@ 22 2.8 30 8.7
18 %9-0 24 €1.¢ 82 2.8
i . =. £6 9.0 B4 11.¢4
oints Problem 3

{6) Part A:

Suppose one has a 20 % 20 cm beam of 20 MeV electrons striking a
water phantom. With bone density = 1.5 ¢/cm and lung density =
0.5 g/cmg, how far and in what direction would you estimate the 50%
iscdose lirz would shift if: -

{4} B one on thick slab of bene were to replace the water
between 1 and 2 cm depth?

{(3i) A one cm thick slab of bone were to replace the water
between 10 and 11 cm depth?

{144) A two cm thick slab of lung were to replace the water
petween 1 and 3 cm depth.

{iv) 'A two om thick slab of lung were to replace the water
between 10 and 12 cm depth? .

{4) Part B:

on the attached graph, draw the isodose distribution as accurately
ee wean ran for the 5. 50% and 90% isodcse curves for electrons.

g e d— e
$
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pts.

THE AMERICAN BOARD OF RADIOLOGY
1979 RADIOLOGICAL PHYSICS EXAMINATION: PART il

.——---o----—m--_——m-a—-w—-a-—_—oo-u--n-uoun—om---’-co-uu--—mn-—-—---o»-——-—---—---—-

a)

b)

A treatment of the lower back Is to be given a2t a source to skin distance
of 135 cm. The beam size is 25 x 25 cm at this distance. A cylindrical
lead block 1€ used to shield a kidney and produces a shielded region

B em in diameter. Estimate the dose to the kidney at a depth of 5 cm

and Its relation to the dose in the open, unshielded portion of the fleld.
The dose rate in free space at 2 distance of 80.5 cm is 60 rad/min, the
radlation is from Cobalt 60. Assume the shielding block is thick enough
to eliminatethe primary beam so that only scattered radiation reaches the
kidney.

The arrangement of fields shown in Figure 6 is used to treat a tumor

mldway between the AP fields which are separated by 16 cm. The tumor
s symmetrically situated between the oblique fields which are 20 cm

apart. Cobalt 60 radlation at SSD 80 cm and field size 6 x 20 cm are
used (See Table 3).

1. Assuming each field receives the same given dose, find this glven
dose to yield a total tumor dose of 6000 rad. Calculate the dose
at a point 0.5 cm below skin under the AP and the oblique fields.

2. What given dose should each field receive so that the dose to the
tumor from each of the flelds is the same and the total tumor dose
is 6000 rad? Calculate the dose at a depth of 0.5 cm below the
skin for the AP and cblique fields.

%/



- Isodose curves resulting from six 6 ¥ ROom cobnit 80 fields 8t §

srranged 1o treat the oesophagus.

Flgure 6.

SD 80 om

v Z2
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THE AMERICAN BOARD OF RADIOLOGY )
1979 RADIOLOGICAL PHYSICS EXAMINATION: PART 11 1/
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a)

pts. 1) Discuss a method for the energy calibration of electron
beams. lInclude in your discussion both the theory upon
which this method is based and the practical aspects of
makIng such measurements in the field.

pts. 2) Discuss 2 method for the output calibration of electron
beams. Include in your discussion both the theory upon
which this method is based and the practical aspects of
making such measurements in the field.

pts. b) 1t is desired to treat 2 cancer of the tongue to 6000 rad in

8 days using a cylindrical volume radium implant with the

lower end uncrossed. The cylinder is to be implanted with

1.0 mg needles of total length 4.5 cm and active length

3.0 cm, and is to be elliptical with dimensions 3.0 x 4,0 ‘cm.
The length of the cylinder will be about 3.5 cm. Use values
given in Table 7 below. Determine the treatment time necessary.

YVoLrmr 1urLanTs

R,—mg hr to give 1000 rads to volume implant: Filtration 0.5 mm '\
AR

Volume R,
em? mg hr Diatribution Rules
3 06 Volume should he cansidered as a surface with 757 radium and
10 168 cure with 2807, .
15 R0
2W 267 Cylinder
39 850
40 425 Belt-80%, radium with minimum 8 needles
30 498 Ends-12.55; radiumn on each end
60 856 Core- 255 »ith minimuin of 4 needles
80 875 For each uncrossed end, reduce volume by 7.5%
100 T8¢
140 919 length 35 ¢0 235 8.0
180 1158 Dismeter
{20 1442
260 1479 Incrense mg br 8% 6%, 105 155,
SH 1627
840 1768 The table was prepared from the origmneal by Afercdith (41) by
380 1202 multiplying his vslues by C = 1.66¢ {Fq. 14-4).

TABLE 7.

%5
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PART II
THERAPEUTIC RADICOLOGICAL PHYSICS (PROTECTION)

PT-2. Anisocentric 20 MV photon beam and 20 MeV electron beam unit (with beam stopper which protecu.agamn
scatter from the patient of less than 30 degrees) is to be installed in the space shown. Concrete will be used for

shielding in the walls. The workload (W) at 100 cm will be 50,000 rads/weeks, 20% electrons and 80% I
photons, and the maximum field size is 1200 cm?. Lo h

a. Give a brief analysis of the radiation protection problems.
b. Compute tie required thickness of wall B.

¢. Discuss the shielding necessary in the door at P.

Patient Packing Lot

P
q 4 ’.‘
[+]
J LS
2 = J ALt R

- 45" *0° 120°

SCATTER FACTOR
(406 on? MELD - @ soxtos 1extol 64x103 03 x 19

Tenth-Value-Layer
{TVL) (cm of concrete) $0 25 20 1%

Tenth Value-Layer
(HVL) (cm of lead) 8.0 2.2 0.8 0.4

TABLE IV

LY
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PART II
THERAPY PROTECTION

L

gints Problem 5

From graphs E.1, E.3, E.6 and E.8 attached,
estimate the thickness of concrete required to shield a controlled

area from x rays produced by a 1 cm diameter, 3 mA, 6 MeV electron
beam incident upon & thick steel target. The x-ray beam is used to
¢reat a maximum expected workload of 40 patients/day, with an
average treatment time of 4 minutes/patient.

-{5) Part A:

Assume that the barrier receives forward directed (0°) x rays
£rom the target, with the barrier 4 m from the target and a use
factor of 1.

{5) Part B:

. °
Assume that the barrier receives sideward directed (90 ) x rays
from the target, with the barrier 4 m from the target and a use
% factor of 1.
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pis. a) You have just started your first day on the job in the radiotherapy
department of @ 500 bed community hospital. They have an inventory
of "“radium’ tube sources and Fletcher-Suit type after-loading tandem
and ovoid applicators. Their dedicated treatment planning computer
is on order. The radiotherapist has a patient scheduled for a EYN
tandem and ovoid implant two weeks from today at 7:45 a.m. State
your analysis of the situation, and how you would provide good
radiological physics services to the radiotherapist and the patient.

b) 1) List and describe briefly all tests that shouid be
pts. performed following a cobalt teletherapy source replace-
ment. Indicate the acceptable range of measurements for
each test listed.

pts. 2) Describe all equipment needed for these tests.
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PART I¥
MEDICAL NUCLEAR PHYSICS

Fart A:

In the operation of a gamma camera, explain and discuss methods for measuring:

1. Spatial Resolution

2. Uniformity

3. Linearity

4. Sensitivity

5. Energy Resolution

6. Resolving time
FPart B:

‘Discuss in detail the effect on the resultant image of photon energy, scatter, pulse height window settings and septal
penetration.

MEDICAL NUCLEAR PHYSICS (PROTECTION)

Part A:

A nuclear medicine imaging department plans to use 10 mCi **Xe per patient and will perform a2 maximum of 10
studies per week. What ventilation rate is required to maintain air concentration of less than 1 x 10-3 uCi/ml when
averaged over a 40 hour week. Assume a leakage rate of 25%.

Part B:

Is this ventilation rate adequate to provide the unrestricted area maximum permissible concentration of 3 x 10-7 uCi/ml

at the exhaust vent? (Average over a one year period.) p

Part C:

Describe emergency procedures to be used in case of accidental release of *3Xe into an imaging room from storage,
traps and/or the administration device. )
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PART I
MEDICAL NUCLFAR PHYSICS

A patient is known to have 2 metastasic lesion somewhese on the anterior surface of his lives. Your Nuclear
Medicine Lab is asked to provide information about the lesion using an Anger canera. You are given the
following information: -

The area of the anterior projection of the liver is 400 em?.
.. ' o . - g

T N
The lesion is 8 cm?in projected azea. *- o

Ve E o -

»

The lesion is suﬁxucmly dccp and "aonfuncuomng to yxcld 2 6% lowcr count rate/area than aurroundmg
tissue for the anterior projection. S 5 Corn : '

e ‘{ B |

For N values of x normally dxstnbuted aboui x with @tandard dematmn o, the fraction oi" values of x greater
than x to ko is tabulated: oL s . PP :,;,.

Yol et St . Lo
k___ fraction greater than X to kc B
1 ‘ . 0.16 S ' o
pJ 0.028 S R
8 - 0.0013 I

CASE 1: Another test has observed the lesion and has established its location. How many counts must be acquired in
ar anterior liver image to confirm a perfusion defect at ¢his location?

CASL 2: The location has not been dearly established. Using the above table approxinate the probability that, for
an anterior image of 500,000 counts, a feature having the appropriate size and brightness is not the lesicn.
but i due to statistica} fluctuations.

Part B:

A bolus of activity is injected into the blood, and a certzin fraction of the blood concentration is taken upata
rate R, by some orgap and another fraction of the blood concentration is cleared by the kidneys at a rate R=.

Assume none is returned to the blood and that you have instantaneous mixing in the blood after injection.

Hlustrate graphically the activity in the blood, organ and kidueys as a function of time. Explain the various
portions o Ll:e curve.

-
.
R . 4"
. s .
A R

N e NN

;
N 5
-y, AT

A 10 ycar pl"d pauem is ngen E mCiof macroaggwgated &%bumm (MAA) sagged wuh em"I‘c for a lung scan.
Assume 80 perccnz of the ‘activity taken up by the lung and the remainder distributed. uniformly in whole
body.v'l'he bxologxcai half-life of MAA is assume.'vd to be 2 hours (lung) az‘xd g days gwhole body) Umng

- material supphedm endosedtabiw*v w"ﬂu ‘:;A b .‘;-....;‘:‘?}:. -{-,f“." a Gar a'? T

LA TR e e DT s D UL LS IR A L PUR S T
a) Whatw dne dose fo the hmg of tbe patiem from &ctw‘zy in the ung? = SEERINEE

". :"\ .&)‘ '\"N '!: ﬁ?“i’{‘

s,

N b); ‘What is the d sc to wholc bcdy oi’ che pauem acuvxty umi:grmi Ewmfmted 32: a;he body :
: . ; ( s el ‘, SRR .‘;" Q‘fr = .ﬁ ‘;E‘.';J'f'.r..‘:'

ey

frém .
c} Cons:dcr t.hgpossxbxhty of wsmg MAA tagged mth 800 y& of ‘“f Eof ﬁ e zung scan (assume t thyro

a

b B
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DU NUCLEAR MEDICINE :
: Absorbed Fractions for Unifm-mly Distributed Sources in Sma!! Unh Density co) L
o Ellipsoids Surrounded by Scattering Medium (Axes 1:2: gy 1.0 I
FHOTON ENERGY (McV) v AT - _(-_.; v '
® . e.um0 e 9.680 ©.580 - g0 0.t60 X LY R V7 T &
-1 0.045 -, . 0.021 6.010 0.008 0.008 0.009  0.010 ~ 0.010 - 0.009 * \ 2,0.007 '§ 
2 0.058 0.027 0.013 0.011 0.011 0.011 9.013 0. 013 0 0.011 . 0.009
4 0 0.078 0.085 0.017 0.014 0.014 0.014 . 0.016 - . 0.006 ' O 014. 10.012 %
6 0.082 -0.040 ~ 0.020 0.016 0.016 0.016 : 0.018 9018 <2, 0.016 .. 0. 014 ’;,;
8 0.092 0.045 0.022 0.018 . 0.018 0.018  0.021 | : 9.020 /v, 0.018 © 0.015 ;. -
10 0.100 -0.049 0.024  0.020 0.019 0.020 . 0.022 - §.082 ( 0.019 0 016 ...~
20 0.125  ©.063 0.032 . 0.026 0.025 0.025 0.028 " ﬁ.OZB ‘0 0.024 1“_ 0.020
40 0.155 0.081 0.042 - 0.084 0.082 0.082  0.088 = 0.035 J 0.080 0 085
60 0.192 0.101 0.052 0.043 0.040 0.041 0044  0.044 . . 0.037 0031
80 0.229 0.12} 0.063 - 0.051 0.045 0.049  0.055 0.052 - 0.045  0.087 +.:
100 0.244  0.151 0.069 0.056 0.058 0.055 -0.057 "D.056 . 0.049 °  0.040 .;g
TABLE TV R
t v . %
PART I
NUCLEAR MEDICINE
Body Weights and Organ Weights (g) for Various Ages
. ETANDARD
ORGAN NEWBORN 1vm. BYR. leva. . B . AN
Whole body 8,540 4 12,100 20,500 82,500
Brain 850 B45 - 1,241 1,518
Heant 20 47 86 140
Intestines 146 598 . 550 820 .
Kidneys 23 72 g . 187
Liver 136 sss . B91 - 818 v
Lungs B2 172 oy 291 ' i
Pancreas 2.8 4, 23 - ;
Spleen 9.4 81 o B4 L
Stornach 6. Coogy et BT " .' . FIEE by Y e
Thyroid "1.9 . es L er 8. “;' %” 20 i %Y, Wiy 53
Testes 0.67 5. .., . w1 . 20: RABTN 5 =K&jfvﬂa
. . LT LR L - AR TR 1 5 + -
Ovaries ©0.29 - oa WD 2.0 e -

O ’ . [
‘ S
: ,-. TABLE Il ,
HL . .. . T i . .
1 \ e . . 5
. H ‘ i
T * . s e
' ’ % E ","
PIEREE S ~ - ' . :’-
o p NN
G s : - L o
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PART I
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NUCLEAR MEDICINE =

4

it Sphcra and Thick Elhposoxd.s‘

ot

L] - Gaeg i ’
bass 0080 _e6% 0.000 0660 ;.- ¢ o@0_ 6100 XTI X Y eese re0 478D
[ eV BcV kieV MoV MV . MeV MV . MeV T MV MV MaV
0.8 0.684  0.857  0.191 0108 - - 0.0 0085  0.087 ~'50.099 . 009 0092 . 0.077
0.4 0.712  ©0.388  0.212 0.121 -~ 0.096 - 0093 0087 0108 .0.108  0.099 . 0.083
0.5 0.781  0.412  0.229 0.181 , 0104 0099  0.104 0116 0117  0.104  0.089
0.6 0.745  0.4%1 0244 0140 . 0111 < 0205 . 0.111 ,w 0122 - "0.124 0, 109 ., 0.093
1.0 0780 048  0.289 0.167 7 0.185 -0 0125  0.130 . @Mz /014477, 0.185 1 0.106 ¢
20 0818 055  0.360 0.212 - 0.178 1 0160 @162‘; 101747, ;,0173 0158 0127
3.0 0.840  0.600  0.405 0.245 -, 6.201 ,‘~‘0 188 0.186" ;0197 f Joaos o074 7 0143
4.0 0.856  0.629  0.438 0.271,:.% 0.222 1 '0.209 ' 10,205 0216 X 0. 21; 2 0.190 ' 0.156
5.0 0.868  0.652  0.464 0.204' " 0.241 % 0.227 622° ‘-,’D 2si e 0228 - 0.204 . 0.167
6.0 0.876  0.671  0.485 0.312 - 0.258 . 0.241 " 0.286- 74 0. 245°5140.240 . 0216  0.177.
Wrbcprincipalamwo(thtanaﬂrpbtﬂsmd!m‘dempwid:nnlndxzmiaapfl,:!:)mdl:@.%?:l.!”. IR ST o -
. , ' .:_ .,;r. ‘. v;ﬁ." N
© TABLE IV ¢
2ot
PART 1I ' ‘
NUCLEAR MEDICINE ;i ...
Absorbed Fracnoms fov a Uniform Distribution of Actmty in E]hps«md.s"
® "‘f‘_‘-}.""‘f v'.‘»:,-f : '\‘:' :\' - ""',!\ ‘:‘ -
BASS .09 0.0% 08a 9080 8.080 £.160 tgag . Dass - - 0.681 1es0 L Eme
&g eV BleV BileV eV -1 KeV BieV o BaV BMeV MeV o MeV .
2 0.702  0.407  0.317 0181, - 0.072  0.099 0.113.0 0.4j2°  0.184 . 0.099 . 0.096
4 0.762  0.485  0.825 0176 -0.127 ©6.18%  0.144 : 0.148 ~ 0155 0183 ~ 0.120
6 0.795  0.589  0.345 0206 . ©0.157 0185 0.6 0170 0.178 0155  ©.134
8 0.815  0.560  0.866 0.e98 - 0179 0172  0.78 .. 0.187  0.189 0171  0.147
10 0.830  0.583  0.385 0.247 - - 0.196 0185  0.180  0.200 0202  0.18% " 0.156
£0 0868 0649 0460 . 0.208 = 0.250 0238 0284 . 0.245 . 0250 - 0.228 .. 0.187
80 0.884  0.685  0.508 0.846 . 0.284 0.265 -  0.264 0273 - 0.280 ~ 0.245 -0.207
40 0.898  0.709  0.541 0.574 .0.810 0290  0.287 ', 0.294 . 0301 .0.267 . 0.222
.50 0900 0727 0567 . 0.897 . 0.8s2 0312 0305 0812 0817 0282 .. 0.285
60 - 0905 0741 0585 - - 0416 0851 0350  0.3821.. @ 327 . 0.8%0 0294  0.247
70 . 0.809 0753  0.600 0.4%2 ' 0.968  0.346 D.385 . 0.840  0.341  0.806 - 0.257.
g 0912 0763  0.618 0.446 . 0.888 0.861  0.848 0851 0851 0816  0.265
80 0.916 0.772  0.624 0.450 - 0397 ° 0.874  0.359 - 0.362. Q.860 ~ ©0.325  0.274
160 0918 0780 ~ 0.684 = 0.4717 0409 .- 0.386  0.369 '. 0.871 °° 0.368 0.334 ~ 0.283
120 0.924 0798 ° 0.652  -0.492 0481  0.407  0.388 . 0.389° 0.884 0350  0.298
140 0.929  0.804 . 0.670 0511 0450 043  0.405 ¢ 0.405  0.899  0.64 ° 0.310
160 0.958  0.814 ° 0.688 - 0528+ - 0.466 . 0.440 - 0.421 .. 0.420 6415 0878 0321
180 0.937 - 0.821 ~ ©.708 .  0.54¢4 . 0480 0454 0.436 0.435  0.482 ' 0891  .0.331
200  0.940 - 0.828 . 0.729 0558 "'C 0.401 - 0.466  0.451° 0.446  0.449  0.403 ‘. 0.840
©The principal exea of the ellipsolds are In the radoofl/l &/9 87,
.,‘ SN ,f-""' e -1
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PART I ﬁ? ‘
NUCLEAR MEDICINE

Problem 1

Pare A:

A 0.2 mg point source containing Slcr is counted at_10 cm f£rom the v
face of & one inch crystal. The decay scheme for lCr is provided.

The crystal is known to produce one pulse in the photopeak region

for every two incident gamma photons. If the observed counting

rate is 4610 cpm and the background rate is 150 cpm, calculate the

sctivity of the source in UCi.

Part B:

If the source is counted for 2 minutes and the background is
counted for 5 minutes, what is the standard deviation of the

activity in microcuries?

Part C:

what mass in micrograms does this activity represent?

Part D:

What is the specific activity of the source?

Ser2r.80)

8

-

Figure 2-4 Scheme for decay of *:Cr by electron capture.
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7 pts Part A

In the evolution of the Anger-type scintillation camera, a number of advances
have occurred which have led to Improved image quallty. Furnish a brief
description (not more than 3 sentences each) of each of the advances below,
and why each contributes to improved image quality.

bialkall photomuitiplier tubes

threshold preamplifiers '

thin crystals (1/4 or 3/8 in. rather than 1/2 in.)
crimped leaf collimators

X/Z and Y/Z ratio clrcults

uniformity correction circuitry

. time delay buffered storage of count rate data

SO BT PO -

3 pts Part B

For a scintillation camera, @ parallel multihole collimator is replaced by
a collimator of similar design, length and septal thickness except that the
collimator hole diameter Is halved. Assuming that the spatial resolution
is determined entirely by the collimator, estimate the improvement In
spatlal resolution accompanying the exchange of collimators, and the factor
by which the photon flux density must be Increased to take full advantage
of the improved spatial resolution. Briefly describe your reasoning.
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in the intravenous administration of SsmTcﬁ-, the activity Is removed

from the blood as it passes through the kidney. 1In addition,

activity Is exchanged dynamically between the blood and the extravascular
space consisting of a non- spec'fac distrlbutlon throughout the interstitial

space and a specific accretion of 3%™7co7 by the thyrond, stomach,

sallvary glands and chorold plexus.  Shown below is a multncompartmenta‘

model of the distribution of 99mTc0h with the extravascular space treated
as one compartment and showing rate constants between the compartments.

Wia

Eﬁfgaggs%ww = Dleed 13 kaa S Uvine C
{compartment 3_} kai = CCW’\ peviment 1) ' (Coupm»‘?heat
2 pts. a) From this model, develop differential equations for the rate of change

of activity in each compartment.

i pt. b} With the assumption that the activity In the blood is relatively
constant, determine an expression for the activity In the blood
as a function of rate constants and the actlvity in the extra-
vascular space.

2 pts. c) From the expression in {b), derive identical expressions for the
rate of change of activity in the extravascular space and in the
kidneys as a function of the rate constants and the activity in
the extravascular space.

To block the uptake of I9Mre0T Into the extravascular space, organs in
the space often are blocked by pretreatment with perchiorate,

1 pt. d) Show how the model in the diagram simpiifies if blocking is complete.
2 pts. e) With the simplified model, describe an expression for the activity
e In blood as a function of time, original activity and the rate constant

between the biood and urlne compartments.

1 pt. f) With complete blocking, sketch on a semilogarithmic graph the activity
in bilood as a function of time.

1 pt. g) On the same graph, sketch a second curve representing the actlvity In
blood as a function of time If blocking of the extravascular space Is
? Incomplete.

il
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5 pts. Part A
The equatlon for the beta dose inside an infinite medium is given by
b = 1.60 x 1078 E T rad
g g .
where E, Is in MeV and T is In disintegrations/gm. 1f the volume activity,
1, is given in mCi-week/kilogram, what will the value of the constant be?
Calcuiate the surface dose of an infinite, plane beta-particle source of

Infinlte thickness when T = 50 mCi-week/kilogram volume activity and
EB = 0.1 HeV.

5 pts. Part B

consider a radicactlive nuclide A decaying into a nuclide B which 1s also
radioactive. Schematically:

A A
A A 38 B

~
o

where XA and Ag are the respective decay constants.

1) For the initial conditions A = Al and B = 0, derive an
expression for 8(t) which will contain only the parameters

AA’ AB and Ao.

2) Note that at an intermediate time, t., the amount B and
therefore its activity passes through a maximum value.
Derive an expression for to

Ur
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PART 1I L

NUCLEAR MEDICINE
PROTECTION

Problem 6

Part A:

A nuclear medicine imaging department plans to use 10 mCi 133Xe per
patient and will perform a maximum of 10 stuvdies per week. What
ventilation rate is rquired to maintain air concentration of less
than 1 x 30-° uCi/ml when averaged over a 40 hour week. Assume a

leakage rate of 25%.

Part B:

Is this ventilation rate adequate to provide the unrestricted area
maximum permissible concentration of 3 x 10~7 yci/ml at the exhaust
vent? (Average over a one year period.)

pPart C:

Describe emergency procedures to be used in case of accidental
release of 133xe into an imaging room from storage, traps and/or
the administration device. :

———— P G e -
--am e w
YT T I T TR Y A PRV R LR E X R R Y
PR R R R R
-

Part A

Cetermine the maximum permissible concentration fo 3 H
r “H as trit
water from the following Information: lated

Critical organ: whole body (mass = 70,000 g)
Average energy released per decay = 0.0055 MeV

Physical half 1ife: 12.3 years
Biological half llfe = 22 days

Fr?ctlon 340 absorbed from Gl tract = 0.6
Daily water“intake = 2200 ml

Part B

Assuming exponentlal accumulation of the radionuclide in the
critlcal organ, determine the time in days to reach 99% of
the equilibrium concentration of 3H20 in the whole body.
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Nuclear Medicine
Quesfioﬁ 1

Part A - A pulse height spectrum for 113mln {y ray of 0.393 MeV)
was obtained with a single-channel pulse height analyzer
calibrated from 0 to 500 keV. The window width was 2%.
Using drawings to illustrate your answer, describe the
changes in the spectrum if:

1) a 5% window were used.
2) the amplifier gain were twice as great.
3) the amplifier gain were half as great.

4) the upper discriminator of the window were removed.

24 24

Part B - “"Na decays to “"Mg by B decay with a T}5 of 15 hr.
Isomeric transitions of 4.14 MeV (<1%), 2.76 MeV (100%)
and 1.38 MeV (100%) are present during the decay process.
A pulse height spectrum for this nuclide exhibits peaks at
2.76 MeV, 2.25 MeV, 1.74 MeV, 1.38 MeV, 0.87 MeV and about

. 0.20 MeV. Explain the origin of each of the peaks.

- - T W8 T D G e G P LB €D 00 AW CD DD D WS o am T
e - T G € ST

Nuclear Medicine

Question 2

A patient breathes air containing 1 uCi/cc 133Xe for
2 minutes in a lung function test. Calculate the beta doses to
the lungs and other tissues in the body resulting from the
solubility of Xenon in these tissues.

Mass of lungs 1000 gm
Average beta energy 0.13 MeV
Solubility coefficient (av)
fatty tissue: "air 1.7
nonfat tissue: air 0.13

Assume lung and tissue exposure resu!ts from equilibration
with an air concentration of 1 uCi/cc for 2 minutes.
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Nuciear Medicine

Quesiion 4

Part A - From the data below, compute the subject and image contrast.

Subject Activity Image Activity
Target Non-target Target Non-Target
100 cts/min 20 cts/min B0 cts/min 30 cts/min

For a target periodicity of 1.0 cm, determine the MIF.

Part B - From the data below, estimate the overall FWHM (mm) for the
imaging system.

Collimator Scatter Intrinsic

Resolution Component Resolution

FWHM  (mm) - FWHM (mm) FUHM  (mm)
8 10 7

Fart € - Sketch pulse height spectra for the following situations:
1) 99my. spectra at gain settings of 2, 4, and 8.
2) 99mye spectra at window settings of 2, 5 and 10%

3) 99Mye spectra with 2 visible iodine x-ray escape peak.

4) 9mre spectra with a 1 inch and 2 inch thick Nal crystal.

5) 9ngc spectra for a "hot" sample causing considerable
pulse summation. '

6) ggn%c spectra measured with a Nal and 2 Ge{Li) detector.
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Nuclear Medicine (Protection)
Question 6

(5 pts) Part A - A patient has received 100 mCi of 13! for treatment of
thyroid cancer. Assume patient's 24 hour uptake is 25
percent and that the effective half-life of the fodine is
6 days. ohould the patiet be hospitalized, what should
be done about the radioactive urine, end what other
precautions should be taken with respect to this procedure?

(5 pts) Part B - A department of nuclear medicine in a metropolitan hospital
is conducting studies with Xenon-133 and releasing the
recovered Xenon through a hood to a discharge point on the
roof of the building. The velocity of flow of gas through
the hood, when the area of the opening is 3.0 ft29 is
250 Tinear ft/min, as measured with a velometer. What is
the maximum permissible weekly discharge rate? What are

the restrictions when Iodine-131 i5 also discharged through
the hood?

Maximum Permissible Concentrations of Radionuclides i Alr

RESTRICTED ARRAS

VKRESTRICTTH ARYFAS ($OHR WIEK)
AR AR
RADIONUCLIDES (piiloev) (pCi/ce)
®c 0.1 4
sH .2 5
) 009 0.8
inif .0001 009
1] .00008 005
up .002 .07
Ca .001 .08
¥Na .005 1
R .004 .1
Gy .08 2
BKr 3 10.
193X e .8 10
8By 006 D2
%Cl 0008 .02

SOURCE: U.S. Code of Fedrral Regulations, Title 10, Part 20, as of December 10, 1969.

INOTE: The maximum permissible concentzation depends on several factors, including the degree of solubility of the contaminant. The
dowest concentrations specified in the regulations have been linted.

TARIF VI
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1. A filn compressed between solid water and with 1ts edge flush is exposed

~ of the electro; bean.

t0 an electron beam, The film is developed and scanned, thus producing a
plot of optical density versus depth, ®.

A characteristic curve of optical density vs. absorbed dose is supplied.

' Using the graph paper and the relation

-+ CPrp = .521 B, - .376,find the Energy Eo

—— G . G CTE—

Define th‘e'foﬁowiig:ﬁ_: terms of 6 given disgrams:
a) BSF(A) . '

") PO, S, @) T . T

c) TR (4, 4) - L
d) TAR (4, @) in ternms of PDD)

. e) 7= (4, a)

f) FDDat S verm'}-’ﬁD at S+ K

" where A = grea -

'1;.

. a) What 1a.the dose rate at Qnx?

S = gource to skin distance or isocentric distance
d 'Vdept‘.} kin 4issue ’

A small yolume ( 0.2 ¢m3) ehielded fonfzation chamber conJist!.ng o
" carbon, aluminum, and air 48 drawn. Its _enct dimensions are given.

8) Define .i~ or effective % . ,
b) Determine ® for the chamber, neglecting air..

‘ ¢) How does your result differ from that of water and v t- is the significance

of this? .

A & 1V accelerator is calibrated at 100 em SSD at 5 cm./ deep in water, The
field size at Gray 48 10 x 10 em. The electrometer reads 82.3 for a 20 sec.
exposure. The Cobalt-60 calibration factor 48 1.07 and/the timer correction
‘error 1s -0.04. C, and % DD values are given.

-

d) What s the scattered radiation at 10 cm. &eep.i-.n 2 mlnu.tes?'
¢) How would you measure the timer error? - -

Proteciion Prodblem £1:

Apparent discrepancy between teletherapy licensing guide and CFR 20.105 (a) and

a) How might the NRC explain this apparent contradiction?
b) What would be the difference in barrier thiciness betweenU=l and U =1/4?
%) Why should we not use an occupancy factor of less than 1/8 for unrestricted

-
-
« " LIS

(v),

areas?



*
2

Protection Prodlem #2:

a) Explain the mechanism of neutron production in an 18 MeV accelerator.
b) How would you measure the dose rate from neutrons?
¢) How wotld you plan protection from the neutrons produced?



December 1983

In the following pages are our recollections of the ABR
written examination of 1983. We tried to recall question
catagories, subjects, and in some cases, exact questions,
that we 1) couldn't answer and 2) will never forget as long
as we live. The Part I was a jumble of basic physics to

the point of ad nauseum. There are a lot of questions on
such a diverse spectrum of subjects. Between the multiple
choice, the multiple-multiple choice, and the true-false or
matching questions, there are easily 1000 questions. We only
took Part II in therapy and that part was seemingly more
reasonable (reasonable being that they asked us recognizable
things), but one must still work very fast in order to organize

and write out the essay answers within the time period allowed.

We can't really give good advice on how or what to study--we

passed, but we're not quite sure how.

Good Luck



WRITTEN BOARD EXAMINATIONS 6-7 October 1983

Part I PHYSICS

1.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

Many detailed question on ultrasound--about the speed of sound
in various tissues, what changing transducer sizes would affect,
what changing the MHz would do, freznel zone, Franhoffer zones,
etc, ad nauseum

Many detailed question about NMR, about T1, T2, Larmor frequen-
cies, reconstruction, magnest, the effect of changing magnet
size, tissue characterization, the elements looked at, signi-
ficant parameters of isotopes giving off resonance, etc, etc
Given a volume of mercury and it's linear expansion coefficient,
what cross sectional area should the thermometer be in order
that the centigrade degree marks are 2 mm apart?

Given the barometric readings at the top and bottom of a tall
building, what is the height of the building?

Expected to know about linear stree on bones (biomechanics),
shear forces, stress ftorces

Basic physics question on throwing projectiles in the air

Basic questions on electricity and batteries, EMF flow, circuit
diagrams

Expected to know about fluid dynamics

Only one question on CT--what does a CT number represent?
(Choice of density, linear attentuation coefficient, electron
density?) _

Statistics--define mean

The line source in measuring MTF question in the set of available
ABR sample questions

Cell kinetics--most sensitive part of cell cycle

MIRD doses to empty gall bladder

Identifying the products of differnet types of radioactive decay
Units of dose equivalents

Ionization chambers containing one gram of air

OER, RBE, LET

Hit theory, single hit, multiple hit, etc

Tissue radiosensitivity

Binary and octal



WRITTEN BOARD EXAMINATIONS 6-7 October 1983

Part I PHYSICS--continued.......

21.
22.
23.
24,
25.
26.
27.

Computer bytes

Analog to digital conversion

Computer interfacing

Limiting rates and acceptance of digital inpulses/flow
Compton electron recoil energies

Beta decay——conservation of mass and energy

Approximation of E,, in 1/3 Ej .



WRITTEN BOARD EXAMINATIONS 6-7 October 1983

Part I CLINICAL QUESTIONS

1.

2.

10.

11.

12.

13.

14.

Given a CAT scan of pelvis--identify the prostate, bladder,
rectum, head of femur

Given a CAT scan of abdomen--identify the kidney, aorta, pancreas,
splinal column

Given a drawn diagram of the-heart, identify the various chambers
of the heart, major veins and vessels, heart valves

Given a set of six ultrasound scans--identify which represents a
fetus, gall bladder with stones, aorta, and various other
structures or conditions.

Trace the flow of blood through the heart and lungs

Match which diagnostic test are used to diagnose various conditions
such as gall stones

What is a VAGUS?
What is an oligodendroma?
Match various cancers with their disease sites

CT of head and neck region--identify the optic nerve, eyeballs,
brain hemispheres, bones in the region.

GI system--put in correct order the duodenum, ileum,jejunum,
stomach, etc

Difference between sarcomas and carcinomas

Questions about buffers in the body--chemical composition, concen-
tration, results of changing concentrations

Blood cell catagories--RBC, lymphocytes, erythrocytes, etc



WRITTEN BOARD EXAMINATIONS 6-7 October 1983
Part II THERAPY PHYSICS

Therapy: Choose three out of four questions

CHOICE 1: Describe the dimensions, material, construction, density,
placement, and purpose of linear accerlerator beam flattening
filters and scattering foils.

CHOICE 2: Describe the advantages of treating breasts by tangential
opposed beams.

Draw the isodose curves in the breast with and without
wedges in the beamn.

How would you treat a patient if you needed to use a 15
degree wedge, but all you have available was a 30 degree
wedge?

CHOICE 3: Told that you are to treat a hemibody at an extended SSD.
Given various distances, field sizes, depth doses, etc.
Calculate the mu needed to deliver a certain dose.
(Took a long time to correct and justify each factor--
such as inverse square, equivalent squares of fields,
Mayneord's F-factor, approximations).

What are the potential complications of these treatments?

CHOICE 4: Given a geometric picture of a simulation film. A sur-
gical clip if off the central axis of the simulation film,
you are the determine the actual distance that the
clip is from the actual field border.

Derive the equation from basic geometry for a gap, or
field matching at depth.



WRITTEN BOARD EXAMINATIONS 6-7 October 1983

Part II THERAPY PHYSICS

Radiation Safety: Choose one question.

CHOICE 1:

CHOICE 2:

Given a treatment room with a cobalt machine and given
shielding, how much shielding should be added to present
shielding when the machine is changed to a 6MV linear
accelerator? You are given only information on present
shielding and HVL's and TVL's of certain materials.

Given a diagram of a hospital floor--a set of rooms and
nurses station. Told that patient in certain room has a
Cs implant. You are given the dose rates at various
points on the hospital floor and information (sex and
ages) of the occupants of the adjoining rooms.

You are asked:
1. Whether the dose rates at each point are acceptable.

2. Whether the nurses at the nursing station need to be
monitored with film badges.

3. If you could rearrange the patients in their rooms,
which patients would you move and where.

Under all of the three questions, you were supposed to
elaborate on permissible dose rates, and philosophy of
radiation protection.
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Wayneo State University
School of Medicine

c.7  PHYSICS OF NUCLEAR MEDICINE

(1) You have been asked to review proposals for human research that wil|
inciude the administration of diagnostic doses of radiotracers in ciinical
use to normal subjects. List and, from the perspectives afforded by the
ALARA principle, comment on the principles by which a Radlation Safety
Committees could, in general, evaluate such proposals.

(11) Briefly discuss the principles of radioprotection as they apply to
clinical practice of nuclear medicine. Provide specific examples of the
applications of each of these principles.

(111) Outiine a bloassay program suitable for research workers Invoived In
labelling compounds with 1-125 and/or 1-131.

(iv) Briefly describe the methods used to monlitor for stray radioactivity
following a spili involving 37 MBg of 1-131. Provide an out!line of
decontamination procedures in such a situation and describe what
future actlons, if any, may be necessary.




(i)

(iii)

(iv)

By considering each component of the detector heag in turn, starting with the Collimator,
descrbehowaammayconmnabme deoradaﬁonofaheoreﬁcanypedec:inage.

Since the first introduction of a commercial scintillation Camera in 1963 a8 number of
bdmobgica:immvememshavabaen made. What arg meymdwhathmbeen their impact on
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(i)

(if)

(iii)

(iv)

(v)

(vi)

oY
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wayne State University
School of Medicine

PHYSICS OF NUCLEAR MEDICINE

Describe the essential features of a system used for gamma-ray spectroscopy.

Desabeasystemha:mqbemedbknagehel—!ﬂcomamomemyroid.

(a) Describe those factors that contribute to dead-time,
(b) define “paralyzabie” and “non-paralyzable”,
(c) dasubeommhodbywﬁdwdeas-mmbedabmimd.

Sketch and describe the chanbes in a differential pulse-height spectrum (energy spectrum) for
Cr-51 (320 keV) it:

(2) a larger Na] (Tf) crystal were used

(b) a one-inch siab of lucite were interposed between the Cr-51 source and the Na;
scintillation detector

(¢) a one-inch siab of lucite were placed behind the Cr-51 source.

A source is 1 be counted in the presence of background (T, or total counts) and taken for the
background alone (B). i ot and og are the respective standard deviations, derive an expres-
sion for the standard deviation (o) of the net counting rate. How should the time available for
counting be optimally divided between the two measurements ?
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c.10 PHYSICS OF NUCLEAR MEDICINE

(i)

(i)

(iii)

(iv)

Describe the underlying principles of single photon emission computed tomography
(SPECT) using a rotating scintillation camera. How does this method compare to limited angle

omography ?

Some greater constraints must be placed upon the system performance o produce high quality
emographic images. What are these constraints and what quality contro! procedures must be
introduced o ensure that performance is maintained ?

Describe at least three possible sources of image artifact. Sketch how these might appear in a
ver bmogram and descrbe how they may be avoided.

Attenuation correction is an important aspect of tomographic reconstruction techniques. Why is

-this so, how is it achieved, and why is the attenuation factor, that is used, usually less than the

linear attenuation coefficient for that photon energy in tissue ?



Wayne State University
School of Medicine

C.11 PHYSICS OF NUCLEAR MEDICINE

(i)

(if)

(i)

(iv)

(v)

Briefly define the following NEMA (National Electrical Manufacturers Association) terms as
appropriate for a scintiflation camera:

(a) intrinsic spatial resolution (e) Intrinsic count rate performance

(b) intrinsic energy resolution (1) multiple window spatial registration

(c) intrinsic flood field uniformity (o) system sensitivity

(d) intrinsic spatial linearity (h) ‘system spatial resolution with and
scatter

Describe the historical evolution of the scintillation camera in terms of intrinsic spatial
resolution and intrinsic ficod field uniformity. Be sure o include in your analysis a plot of
besevabessafuncﬁonofmyearm 1970 © the present.

Describe the effects of crystal thickness on intrinsic spatial resolution, system spatial
resolution without scatter, and System sensitivity for Tc-99m and ]-131.

What are the sources of intrinsic fiood - field non-uniformity ? With reference to three
manufacturers discuss recent innovations in design introduced to correct for such scintiliation
camera defects.

What scintillation camera performance parameters are most important for the following
clinical applications:

a)  bver bmobmphy

b) cardiology
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Wayne Siate University
School of Medicine

C.12 PHYSICS OF NUCLEAR MEDICINE

(i)

(i)

(lii)

(iv)

(v)

Rad‘oacﬁvacabiunmbeusedbrmmoﬁcboneswes. ltmrouﬁnehyourlaboramryto
oive 1 MBq of Ca47. Fbwever.yoummwaskadbsvdt:tha-ﬁbecauseoﬂtsirueased
availability.

Making reference to the decay schemes of Ca-47 and Ca-45, calkcylate the relative
radio-toxicity of these two isotopes. Maks reasonable assumptions regarding the biological
half-life of calkcium. Based on your calculation what would the equivalent dose of Ca-45 be as
compared 1 a dose of 1 MBq of Ca47 7

Using the formulation of the MIRD of the Sodiety of Nuclear Medicine, caiculate the radiation
dose from 100 kBq of Ca-45 1o the bone mamow. Assume 3000 g as the weight of the bone
marrow. Consider only demypmcasseswhidwmmrhgmmamssofmsdqu.
wadoyoumerdmtaﬁo—bobpeﬁc«mwvmwucanomw?

When the first delivery of Ca-45 is made your laboratory, how will you determine the
quantity which has been delivered and its radionuclidic purity ? ‘

How is Ca-45 produced 7

Note: ThedersdoemasotCa-tsandCa-nwanfromm MIRD pamphiets will be provided
as reference material ¥ this question is asked on the examination.
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D.1 RADIOLOGICAL PHYSICS |
(i) Briefly define or explain: .
a) phobelecton (f) ' characteristic radiation
b) Compion wavelength fon pai
gc)) Auger effect fﬁ; olac‘t’r‘grrm’hole pair
d) internal conversion electron (j) recoil electron

(e) annihiation Quantum (k) absorption edge

(ii) Five basic ways in which an x-ray photon can interact with matter are listed below. Briefly

@) coherent scatteri d j uction
gb; phopelectric effangt H pphag%megraﬁon
(c) Compion

(iii) Four factors determine the degree of attenuation of an x-ray beam as it passes through matter.
Mmmwmmwmm.mmwmmnydmmw.
Discuss how these four factors atfect the first four effects in .

(iv)

mass energy absorpﬁony.b/; coefficients respectively.

(v) Give the maximum energy transferred 1o the electron for the first four effects discussed in (ii).




D.2

)

(i)

(iii)

(iv)

44
Wayne State University
School of Medicine

RADIOLOGICAL PHYSICS

Briefly define or explain:
activity A f) haif-life ¢
g; 8pecific activity a fg’) m‘ean' liefeti}r’:% T
€) carrier-free source f ) decay constant a
d) branching ratio ‘) decay chain
(e) energy level width r (k) daughter activity

For a typical radioactive nucleus sketch graphs relating activity to time t on (a) a semi-log
plot, and (b) a linear plot.
Show t,» and tonmed:scissamacalwlatehGrOIaﬁonshbbetween T.aand ty,.

Consider the two-step process in which & radioactive parent nuclide P decays to an unstable
daumunuddeo.whimlnundeca,sbastauemmtermbec:

b N A
PP p _2

(a) Derive the general relationship for D(t) in terms of P(t) and the decay cbnstants Ap
and Ap.

(b) Sketch the activities Ap and Ap vs time t for g typical example where A <.

tmax May be expressed as t,,, Ophp)**
Assume Ap= Ap (1-¢), where €cct,

&ethwnwemyamAPWADwtbrmubmmm:

(a) 2p> Ap . short lived parent, ®) Ap < rp, long lived parent, (¢) aAp << Ap. very
long lived parent, and (d) Apcctec Ap. almost stable or constantly replenished parent.
Define transient and secular equilbrium,
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D.3 RADIOLOGICAL PHYSics
() Briefly define or explain;
4) neutron activation f) fssion fragments
(b} isomeric transition gg)) Nuciear chain reaction
€) - neutron fluence rae ) moderator in nuclear reactor
d) annihilation photon g &) artificial radioactivity
@) specific ionizat, ) natural radioactivity

(ii)  Discuss the interactions of the parsicles listed below with matter in general and tissue in
particular.

(o) bena Grices (unese monnsidom MeV)
(€) thermal neutrons
(d) fast neutrons.

(if1)  Nuclide A is bombarded by ROLTDNS with & fluence rate ¢ (cm25°7) and an unstable nuclide B
8 produced. The cross-section for the reaction is o (cm2). Nuclide B decays with a decay
constant Ag into a stable nucleus ©: A — 06 _ ~2B~ C. The activity Ag(t) is
usually given as: Ag(t)= A, (1- oxp(-Agt)), where Ag= 00 Np(O) is called the
saturaﬁonactivftyandanassumpﬁonismademat Ag >> 060,

(a) derivea relationship for Ag(t) for situations in which the above assumption is not valid
and show that this general relationship transforms into Ag(t) = A, (1 -exp(-agt)) for
Agp>>0¢s0 .

(b) show that the time tmax for maximum activity of nuclide B is given by:
tmax = (Ag-00)"' in (Agl/oe).

(iv) Whena radioactive nuciide has a daughter of shorter half-life, it is often possible to separate
the

() with no removal of daughter, (®) with periodic removal of the daughter.
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Briefiy define or explain:

(a) nuclear excited state (f) annihiation quantum
b) abmic excited sta (g) internal conversion yield
g; ﬂuorewe:ca yield ( )) g\mgghs&c radiation
8) isomeric state “() mass deficit ™

Discuss « decay in general, give the general relationship for the total energy Q_ liberated in
= decayandsket:hananerqybvolciaa'am for a typical « decay.

Use the invariant EZ- p2¢2 & inv 1o derive a eneral relationship for threshoid in a nuclear
reaction A (a, b) B, where a is the projectiie.

Use the general relaionship derived in (ii)) o show that the threshold E
(a) for the photodisintegration of deuteron is E,=Eg(1+Eg2mye?), and

(b) for the pair production in the field of nucleus is By, =2myc? (14 m,c2m,c2),
whereEebmedeuteronbindngaoeruyandnyc’.mAczandm.ezaremerestenemies
ofmedeutarm,r\ude\.s.andelectmn respectively.




D.5

(i

(ii)

(i)

(iv)

(v)

47

)

Wayne State University
School of Medicine
RADIOLOGICAL PHYSICS
Briefly define or explain:
() o ray peomaapy e (5 tommal comversen cosficient
conversion coefficien
(©) Possoavy oot g?ﬂ Auger siecrons |
26) characteristic x ray - } mass energy absomption coefficient
e) ftriplet production (k) threshold for nuclear reaction

Discuss the gamma decay in general, give a typical exampie with an energy level diagram and
expiain the internal conversion and isomeric transitions.

An electron beam with kinetic energy of 10 MeV impinges onto a thick lead target. Explain what
type of radiation is produced in the target and sketch the energy spectrum and angular
distribution.

Sketch a diagram representing the three most important modes of photon interactions with a
medium, briefly discuss the three effects, and state the dependence of the appropriate mass
attenuation coefficient upon the photon energy and atomic number of the medium.

On a graph exhibiting atomic number Z vs log photon energy, sketch two curves: one giving equal
probability for photoetfect and Compton effect, and the other equal probability for Compton
effect and pair production.
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Define attenuation and absorption coefficlents for photon beams and discuss the difference
between the two coeflicients.

Prepare a table showing the relationship between the linear, mass, atomic and electronic

anenuaﬁoncoefﬁdemswshowsum units of these coefficients.

On a log-log graph sketch, for alr, the mass attenuation coefficient u/p , mass energy transfer

coefficient Fy/p . and mass energy absorption coefficient H,./p in the photon energy range
from 10 keV 10 100 MeV. .
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Briefly define or explain:

(a) fluorescent yield (f) Kein-Nishina coefficients
(b) Auger effect (9) phopelectrons

(c) internal conversion (h) ftriplet production

(d) K-edge (j) annihilaton photon”

(e) Rayleign scattering (k) characteristic radiation

Sketch a diagram representing the three most important modes of photon interactions with a
nwdum.hhﬂymmmueﬂmwmmdepewmadmwwmnuaﬁon
mmmmmuunmmmwmwumm.

Briefly discuss the processes that follow the three modes of interactions in (ii).

For Compton effect, state the three relativistic equations which represent the conservation of
mergyandmmmmmandamsadhmdeﬁvaﬁonofumnmlaﬁorshb

A'- A= A, (1-coso).

UsingmeCompbnre(aﬁmshipdeMemressbnsbrm energy of the scattered photon and the
kinetic energy of the recoll electron. Show that the maximum energy of the backscattered
photon is equal o 255 keV imespective of the incident photon energy.

At a photon energy hv of 4 MeV in lead, the atomic attenuation coefficients for photoeffect
a®. Compton effect 4o and pair production ox are 0.567-102¢ cm2/atom,
7.878-10'24 cm?/atom, and 5.782:1024 cmZ/atom, respectively. Calculate the mass attenu-
ation coefficient u/p , the mass energy transfer coefficient ¥y/p .and the mass energy ab-

sorption coefficient ¥ qp/p (the bremsstrahlung fraction g is 0.130). Clearly explain the
steps involved in the calculation.
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Define the stopping powers attrbuted to ionizational and radiation losses and discuss the
difference between the stopping power and linear energy transfer (LET).

Use principles of classical mechanics 1o derive an exprassion for the mass ionizational stopping
power S, for a heavy charged particle interacting with orbital electrons in a medium. Discuss
the role of 1, the mean exchtation energy of the atom, in the Heitler's quantum mechanical
derivation of S, .

Discuss the ditferences between Heitier's derivation of S,,, for heavy charged particies and
Bethe's dertvation of S,..,, for electrons. Describe the energy and atomic number dependence of
Sion for electrons in the energy range from 10 keV 10 100 MeV and sketch S, for electrons in
water and lead in the same energy range.

wasmemrgymdmbmmberdependenmdmrﬁaﬁonbsssbpphgmsmbr
electrons in the energy range from 10 keV to 100 MeV and sketch S;ag for electrons in water
and lead on the diagram in (il).

Define the mean ionizational stopping powers for the following situations:
(a) monoenergetic electrons set in motion in medium
(b) electrons with a distribution of initial energies such as are produced by monoenergetic

(c) electrons with a distribution of initial energies such as are produced by a spectrum of
phobn energies
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A photon of energy hv interacts with lead:

(a) dwtwgeneralrdaﬂonshbwaenhvmmemaximumkineﬁcenemﬁ“uofme
' ieeelectronpmducedﬂmhphobeﬁect.Conpbneﬂeaorpairprowcﬁon;

(b) Assume hv = 2MeV. Cakcuiate Ep, for the three effects.

Pldagmhﬂnwimhmuinwuﬂﬂwaveraoekheﬁcenemofamnwnmﬂdmn
asaﬂmcﬁonofphobnoneruyhvhmanergyrangeﬁornwkaVb100Mev.

The Kiein-Nishina formula relating the Compton differential cross-section dgoc/dn
with the photon scattering angle e is given by:

0, _ _l’_i_ . lvcoste . «? (1-cos @)?
R 2 [1ex(1-cose))? [1+cos28)[1+ax(1~cos 6))

where ro= 2.8 fm I8 the classical electron radius and o = hv/mgc? with

myc? = 0.511 MeV. )

Show thatfor« = 0 andany e ,and fore = 0 and any « , dyo/da  transforms into the

classical scattering coefficient per electron deo/ds . Integrate deoo/da over do to get
Op =66.5- 107 m?. Piot dyofdn vs & for photon energies ~ 0, 1 MeV and 10 MeV.

From dqo./d2 given in (iil) calculate the differential cross-section dgo/dE, which
gives the number of Compton collisions that lead %o electrons with kinetic energies in
the range E 0 E + dE, 10 get:

0% _ E2 E2

. 3 6, __2E ]
dE 8 «hvy ‘{2 «(hv-E) * x2(hv-E) "W (hv-E)}

Plot this relationship as a function of the slectron kinetic energy E for photon enerpies hv
of 0.5 MeV and 1 MeV.

Using the invariant E’ - p'c" = inv calculate the thresholds for pair production and triplet
production.
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(i) Briefly define or explain:

(a) 1Roerigen (f) mass energy attenuation coefficient

(b) electronic equilbrium (0) beam defining diaphragm

(c) W for air (h) chamber lemperature and pressure correction factor

(d) polarizing electrode (i) collection efficiency

(e) chamber calibration tactor (k) initial and general recombination

(ii)

(iii)

(iv)

(v)

Define exposure and show that 1 Rcorrespondsbanabsorbeddosehairofomecy.
Deﬁvemeamresbnmhﬁmmorbeddosebmbemosumxmapohthmedum. given as:

Drnec ™ X frmeg .

whers {4 i6 the R 1 cGy conversion factor. Plot 44 v8 photon energy for bone, muscle and air,
in the photon energy range from 10 keV © 10 MeV.

The most common technique for measurement of exposure is based on calibrated ionization
chambers. The calbration tactors for these chambers are usually obtained from National Standard
ization Laboratories which use standard free air ionization chambers for absolute cafibrations.

(a) Sketch a standard free air ionization chamber and an associated simple electronic circuit,
Clearly label its components and discuss its operation;

(b) Sketch a typical thimble lonization chamber and discuss the effect of wall material
and wal thickness on the exposure measurement:

(c) Skeich a typical saturaion curve for an ionization chamber and discuss its behavior.

Discuss at least two other techniques which are routinely used for exposure calibration of
diagnostic x-ray beams.
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With a simple diagram Wlustrate the two steps involved in energy transfer from a photon 1 the
medium and dearly define the following:

(a) kerma f f) bremsstrahiung

(b) absorbeddose g) Auger electron

(c) exosure . (h) detha o

(d) electronic equilibrium { L) fluorescent yield

(e) conversion electrons (k) effective atomic number

Wirite kerma and absorbed dose in terms of the photon energy fiuence and mass attenuation
coefficients both for a homogeneous photon beam with energy hy and for a heterogeneous phoon
spectrum with maximum energy hv g,

Briefly discuss the Bragg-Gray cavity theory and clearly define the parameters invoived.

..Disassmemaﬂ\odbmeasuredosehamedumushgacavityionizaﬁondtamberwmmwau

material different from the material of medium. Clearly define the steps invoived and identify
any approximations.

Define the "dose In free space™and explain the situations for which this parameter is useful
in radiotherapy.

Discuss the method to determine dose in a medium using an exposure calibrated ionization
chamber.
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Draw a schematic diagram of a typical x-ray tube with associated electronics, used in
radiotherapy and dearly label the components. Discuss several methods for voltage rectification
and briefly state the main differences between therapy and diagnostic radiology x-ray tubes.

Treatment times on x-ray machines and cobalt machines are usually controlied by an
electrically driven timer which is started by the switching-on of the beam and which ends the
@xposure at some presat time. Discuss the shutter error associated with the timer, explain a
method for its measurement on a given machine, and explain how it is used in setting the
treatment times in practice.

Betanwmdmiaotwmwedhmhemdepamnsbrdnobnmdebctmhmpy.
Show the two machines schematically. Briefly discuss their mode of operation and consider the
advantages and disadvantages of the two machines over the Inear accelerators.

Discuss the role and typical properties of targets and flattening filters used in linacs and
betatrons in the production of dlinical x-ray beams. Also discuss the methods used 1o produce a
clinical electron beam from the pencil beam which exits the linac or betatron.
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Illustrate two different methods used to bring a2 source into ON position
on a radiotherapy isotope machine. Also sketch a standard isotope
source capsule with typical dimensions.

Radlum-226, Cesium-137, Iridium-192 and Cobalt-60 are isotopes used Iin
brachytherapy. Photon energy, specific source activity, half-life and
means of production are the parameters determining the usefulness of a
given radioisotope for radiotherapy.

Discuss the advantages and disadvantages of each of the four Isotopes when
used In brachytherapy.

Calculate the maximum activity that can be produced In 10 g of 59¢co when
It Is Irradiated in a neutron fluence rate ¢ of 1073cm=2s=1. The

atomic welght of cobalt Is 58.94, and the activation cross sectlon Isom=37
barns/atom. Flirst calculate the time tmax In which the maximum activity

of cobalt-60 will be achleved. Do not assume In your derivation that
A (60co)>>0.0m80,

Cobalt units can be callbrated either in alr by exposure measurements or
in water by measurement of lonlization in a callibrated ionization chamber.
Dlscuss in detail the two caillbration options and Indicate how they are
related to each other.
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Compare the power delivered to the target of an x-ray tube operated at 100 kVp/50 mA/3
phase 12 pulse mcﬁﬁed.bﬂwpowerdeMradbhetametofaZOMVlinacoperatedaﬁOpps
wimangwmwnemwsewmrafz 4s and a height of 50 mA. '

Discuss the radiation protection considerations for 25 MV linear accelerator to be used in the
photon (25 MV) and electron mode (6 MeV /30 MeV). Consider the following:

(a) government reguiations and regulatory agencies;

(b) room design to accept standard radiotherapy procedures as well as options for
intraoperative radiotherapy, total body electron irradiations and total body photon
irradiations;

(c) instrumentation and procedures for making the radiation survey, including a neutron
wwayandasuweybmbateMpromcﬁonofraioad}vemsesmozone.

Discuss in detai! the measurements whi¢h a medical physicist should perform on a linear
accelerator (calibration and acceptance testing) before it is accepted and put into clinical
operation (photons and electrons).

Discuss in detail the measurements a physicist should perform around a linear accelerator
installation (radiation survey of installation) before the machine is put into clinical operation
(photons and electrons).
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. Plem
®* e —q‘.._

Lobalt room

S em

T oo

achine shop

30em

(i) AnewGMV‘sooen&icacoelerabfwMabeamsbpper'sbbeinstalledhmeroompfesenﬂy
occupied by a machine shop as shown on the sketch above. The room is in a basement and there
are operating theatres above. The existing dimensions of the room and wall thicknesses are
given on the sketch. Maximum field size at an SAD of 100 cm is 40-40 cme. The ceiling is 4 m
high and the ceiling slab is 15 cm of concrete. Assume that 25 patients will be treated daily.
Prepare and skeich the necessary reconstruction information for the architect on:

(a) proposed machine position in the room,

(b) position and thickness of a maze if required,

(c) total and additional thicknassas of walls and ceiling,

(d) safety and accessory features © be installed in the room,

(e) thickness and position of the door. .

(f) Woukd the reconstruction plan be any cfn‘ferent7 if the treatment machine in addition to

6 MV photons has a 6 MeV electon ?
. (9) Show the saving in wall and ceiling thickness if the machine is purchased with a beam

stopper.
: (ii)  Discuss the area radiation survey procedure that should be performed after the room is
reconstructed and the treatment unit is installed and operational. List the equipment 1o be used

in the survey and suggest some typical measurement results for the installation.
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Draw a schematic diagram of a high energy electron |inear accelerator
and clearly labe!l the components.

Give a range of values and units for the foliowing parameters of a
typical linear accelerator:

(a) peak beam current {f) beam current pulse width
{(b) average beam current (g) efectron gun voltage
(c) mwmodulator pulse width (h) length of accelerating wavegulide
(d) peak modulator current (1) target materlial and thickness in a
(o) radiofrequency of operation 25 Mv Linac
(J) electron kinetic energy In the wave-
gulde

Sketch the E field motion in
(a) a uniform waveguide and
(b) a disk-loaded wavegulide

and discuss the phase and group velocity for the two types of waveguldes.
Discuss the disk-loaded waveguide In particle acceleration.

Show that particle velocity should equal phase veloclty for acceleration

in a linac.
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Briefly define or explain:

(a) Isocenter (f) surface dose

(b) AP/PA (g) bulid-up region

(c) output factor OF (h) depth of dose maximum
(d) collimator factor CF (}J) ssb

(e) exlit dose (k) SAD

Define the following functions used In radiation therapy dose calcula-
tions, sketch the reievant geometry and cleariy state what beam parameters
the functions are Infiuenced by:

(a) percentage depth dose P (o) scatter-air ratio SAR

(b) tissue-alr ratio TAR (f) scatter maximum ratio SMR

(¢) tissue-maximum ratio TMR (g) zero area percentage depth dose
(d) tissue-phantom ratio TPR (h) primary beam

Sketch the folliowing percentage depth doses P In water:

(a) 100 kvp, cobalt, and 10 MV x ray: P as a function of depth for a
10 x 10 cm? field with SSD 100 cm

(b) SSD 80 cm and SSD 120 cm: P as a function of depth for a cobalt
beam with a field of 10 x 10 em2

(c) cobalt besam and 250 kVp, 4 MV, 6 MV, 10 MV and 25 MV x rays: P as a
function of beam effective energy at a depth of 5 cm with a field
of 10 x 10 cm2,

Sketch TAR and TMR as a function of depth in water for a cobalt beam,
10 x 10 cm? fieid size.

Derive the following relationships:

(a) between P and TAR, (b) between S and SAR, (¢) between TAR and TMR
Make sketches and clearly identify the steps Iinvolved Iin the derivations.

Briefly discuss at least three methods for heterogeneity corrections in
dose caiculations with photon beams.
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Briefly define or explain :

kinetic of f ; ratio

gg; etic energy of electrons % )) mvpower_

(c) delta rays (h) Fricke dosimetry

(d) practical range of electrohs (j) G-value

(e) secondary electrons (k) calorimetry

Discuss at least three techniques which may be used to determine the kinetic energy of an
dectronbeamhpingingonbaphanbm. Daﬁ'oeenerg'asbrwhidmememodsmwplicable.

Sketch percentage depth dose and isodose distributions for a typical 10-10 cm? electron beam
with initial kinetic energies of 6, 15 and 25 MeV.

Briefly discuss the method for absorbed dose measurement in an electron beam with an
ionization chamber. Clearly define the parameters used.

Bdeﬂydsqssmemissingﬁsuemdmeinhomogenenyconeabrsbrelecuonbeams.

Briefly discuss mycosis fungoides, its clinical manifestations, course and currently used
treatment modalities. Total skin electron irradiation (TSEI) is a proven treatment modality.
Discuss in detail the changes and measurements that should be made on a
standard linear accelerator before it can be applied for TSEI. Also discuss a few treatment
techniques currently employed for TSE! in various centers. State typical doses and
fractionations used.




A.9

1)

(GRD)

(iin)

(iv)

<o

Wayne State University
School of Medicine

PHYSICS OF RADIATION ONCOLOGY

Interest In afterioading In brachytherapy has grown In recent years with
the development of sophisticated Interstitial techniques and remote
Intracavitary systems. Explain fully why afterlioading is advantageous
and point out improvements possibie with remote afterioading.

Remote afterloading In gynecologlcal brachytherapy opens the door to high
dose rate therapy. What could be the advantages and possible
disadvantages of such an approach? How can doses delivered at high dose
rate be compared with previously used doses delivered at low dose rate?

Describe an afterloading technique for Implanting 192|r gources for
endobronchlial or cervix cancer treatments.

A variety of sources is used In afterlioaders and these often differ
markediy In size and shape from traditional 226Ra sources. Discuss
the practical probiem of source callbration. In terms of what quantities
could a source be calibrated? Suggest two alternative ways of obtaining
an accurate callbration value for a set of spherical 2.5 mm diameter

Cs sources In a newly Instalied unit (400 MBq approximate activity).
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(i) Briefly define or explain :

(a) wedge fiiters f} tray factor

O B e e
gd) lungshieldng (i) gieldinabbd(

(e) wedgefacy - : (k) 'inmob'IHzation device

(ii)  State ang briefly discuss the therapeutic modalities available for treatment of carcinoma of the

(iii)  Itis now generally accepted that radiation therapy is the treatment of choice for Hodgkin's

(iv) The justification of radiotherapy for carcinoma of the larynx and hypopharynx lies in its ability
o cure ! [
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There Is a growing trend towards the use of tota! body iIrradiation (TBI)
with photon beams prior to bone marrow transplantation (BMT) for leukemic
patients. Discuss the rationale for TB! prior to BMT, the dose regimen
usually given, the medical probliems encountered during or after TBI, as
well as the theoretical advantages or disadvantages of dellvering the
dose In a singie fraction as compared to multiple fractions.

Briefly discuss at least two different methods used In various treatment
centers for production of large photon fields for TBI.

Discuss the dosimetric measuremsnts that must be performed by a medical
physicist before a standard therapy unit can be applied for TB! with
photon beams.

Briefly discuss the following:

(a) ALL (f) renal shielding

(b) radiation “sickness" (g) partial lung shielding

(c) blood counts (h) aplastic anemia

(d) pneumonitis (1) use of CT for determination of lung
(e) extended SSD treatment dose

(J) methods for lung dose reduction in TBI



A.12

i

(i)

(iv)

(v)

(vi)

1L .
Wayne State Universily
School of Medicine

PHYSICS OF RADIATION ONCOLOGY

Conventional radiotherapy Is performed with photon and electron beams;
there are, however, other directly or Indirectiy ionlzing particles, such
as protons, pions, heavy ions and neutrons, that have been used or pro-
posed for cancer therapy. State the rationale for use of these particles
and briefly describe the physical effects they produce in tissue.

Briefly define or explain:

(a) Bragg peak (f) Coulomb Interaction

(b) rest masses of negative pion, (g) characteristics mesic x rays
neutron and proton (h) star formation

(c) lonlzational stopping power (1) approximate range of a 50 MeV

(d) radiation loss €@~ in tissue

(e) elastic scattering (J) approximate range of a 100 MeV -

proton In tissue

Two types of machines (D-T generators and cyclotrons) are used for
production of neutron beams In radiotherapy. Draw a schematic diagram of
the two machines, cleariy label the components, and expialn the basic
physical processes In nsutron production.

Briefly discuss the production of proton and plon beams in radiotherapy.
Also discuss the difference between interactions with tissue of a high
energy proton and a negative pion. Why are positive pions not sultabie
for radiotherapy?

Plot a percentage depth dose curve for a 14 MeV neutron beam In water and
compare It to a percentage depth dose curve for a typical cobalt beam.

Plot percentage depth dose curves for a 100 MeV proton beam and a 50 MeV
negative pion beam In water and explain the procedure employed to make the
beam usefu! in radiotherapy.
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Briefly define or explain:

(a) thermionic emission (f) rotating anode

(b) Beld emission {g; shgram woltage

(c) space charge effect e

(d) focusingap (i) heatunit

(e) line focus principle (k) grid controlled x-ray tube

Draw a schematic diagram of a typical x-ray tube with the associated filament and high voltage
circuitry providing single phase rectification. Clearly label the components.

Discuss in detail the two types of x rays produced when an electron beam with a given kinetic
energy impinges ono a tungsten target.

Aneiedronbeamwhaﬁvenkheﬁcenergyﬁknpimsonbam Sketch and compare the
spectra and photon angularvcistrbutions for the following conditions::

() E,=100keV, tungsten target vs molybdenum target,

(b) tungsten tarpet, Ek-100kaVstk-5MeV.

(c) tungsten target, E, = 100 keV vs electrons accelerated in a 100kVp self- rectified x-ray
tube.

Discuss heat production and distribution in x-ray tubes and explain how the anode design and

kilovoltage waveform affect the operation of the tube. Sketch a typical x-ray tube rating chart

and, on another diagram, typical anode heating and cooling curves.

Theratea:whmheatispmducedinmebca!spotareaofmx-mywbeisgiyen by:
PW)=kVp - ma « w,

where w is the waveform factor. Give w for (a) constant potential, (b) 3 phase/12 pulse,

(c) 3 phase/s puise, and (d) single phase.
Also give the relationship between heat measured in heat units and in joules.
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Briefly define or explain:

(a) mechanical Xx-ray switch (e) spinning top used to check timer
(b) thyratron accuracy
(c) grid-controlled X-ray tube (f) voltage ripple
(d) silicon controlled switch (g) rotating anode
(h) wavefornm factor

Discuss X-ray switches (mechanical and electronic) and xX~-ray timers
(mechanical, synchronous, electronic and pPhototiming).

Draw a diagram relating X-ray tube current with anode voltage for two
filament temperatures, T) and Ty with T) < Ty. Explain
the particular curve behavior,

(a) self-rectified circuits (e) full-wave rectified/3 phase/
(b) half-wave rectified/single phase 12 pulse
(c) full-wave rectified/single phase (f£) constant potential

(d) full-wave rectified/3 phase/6 pulse (8) capacitor discharge
(h) medium and high frequency
generators

For each method above also sketch the anode voltage as a function of time angd
Prepare a table giving the ripple factor in per cent of maximum voltage
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following beams
a) 50kVp, SSD = 50cm (d) Cobatt, SSD u 80 cm
gb) 80 kVp, SSD = 50 em (e) 10 MV, SSD = 100 cm

and only degrades the final image Quality. Discuss the origin of scatter, jts physical char- -
&cteristics and its relationship with beam parameters. Also define radiologic contrast and

Radiographic onid is utilized to femove scatter radiation from large x-ray fields. Discuss the
orid in general and briefly define or explain;

(a) Frid ratio (f) paraliel grid

(b) linear grid (9) orid cassette

(c) focused orid (h) y factor

(d) convergent ling ( "() moving grid

(e) convergent point (k) primary grid transmission
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Briefly discuss the effects of peak tube potential, high voltage waveform and beam filtration on
the x-ray spectrum produced by a diagnostic x-ray System.

The qualtty of an x-ray beam is also given by the half-value-layer HVL Define HVL and explain
the procedure for its Mmeasurement. Sketch typical attenuation curves obtained with aluminum,
and: (a) a 100 keV Monoenergetic x-ray beam, and (b) a 100 kVp heterogeneous x-ray beam.

Briefly define or explain:

(a) inherent filtration (f) Thoraeous filter

(b) added filtration (9) wedge filter

(c) aluminum equivalent (h) beam t

(d) compound filter z l") x-ray collimator

(e) K-edge fiter ) eflfective energy of x-ray beam .
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Two basic factors determine the clarity of the radiographic image: radiographic contrast and
image quality. The radiographic contrast depends on three factors: subject contrast, film
contrast and scatter radiation pius fog.

(a) define subieclcom'astanddsasshdatansdepewenoe on the physical properties of
the object and the raciiation source;

(b) define fim contrast and discuss in detall its dependence on the physical properties of the
film, film processing, and radiation source:

(c) &wmmmwwewwmmmwwhmmn |

The radiographic image quality is affected by quantum mottle, unsharpness and resolution.

(a) Discuss in detail quantum mottle (noise) and explain how It is affected by the speed of a
fiim-screen combination. Discuss the effect of film graininess on radiographic mottie;

(b) Define unsharpness, sometimes referred 1o as blur. Show that it consists of various
components, such as: geometry, motion, absorption screen and parallax unsharpness.
Briefly discuss these:

(c) Define and discuss resolution and explain how it is measured. Also define the contrast
transfer function CTF and show its relationship 1o resolution.

Ilustrate by diagrams the change in geometric unsharpness with:
(a) size of the apparent focal spot of the x-ray tube,

{b) distancebem'eenmeobjectmdmedetecbr,
(c) distancebetweenmex-rayn.beandﬁ'beobject

The imaging properties of an x-rayn.bedependmonmebcalspot. The size of the focal spot is
studied using a pinhole camera or by taking a picture of a line-pair rasolutipn test pattern.
Diswssandlusratebydmmhemmmesbrbcalspotsizemeasuremem

Discuss the variation of the focal Spot size with x-ray tube current and x-ray tube potential.
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Discuss in detail the physical characteristics of x-ray fiim.

Discuss in detail the formation of the latent image from the photon image with x-ray fim.
Brieﬂydisassmaﬁhndevebpmemprocassanddeanystatemeparameters affecting it.

Discuss in detail the photographic characteristics of x-ray film. Sketch a typical saturation
curve for x-ray film and define or explain:

(a) photographic (f) speed or sensitivity

(b) film contrast (g) reciprocity law

g g; %ographanc vs subject contrast g ;1)) fiim fogging

(e) film latitude (k) e and shoulder regions

Briefly discuss some of the factors of geometry and trigonometry which influence the quality of
the radiographic image. Define or explain:

(a) focal spot (f) absomption unsharpness
(b) magnification . (g) geometric unsharpness
(c) penumbra (h) screen unsharpness

(d) object distortion (j) edge transmission

(e) mobion unsharpness - (k) focus-film distance

Derive the inverse square law relationship.
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The radiographic film is relatively insensitive to x-ray photons. Intensifying screens,
which increase recording speed by an order of magnitude or more and which also increase the
gamma of film, have been introduced to medical radiography %o improve receptor sensitivity.
Sketch typical H & D curves for film with no screens and film with screens and numerically
indicate the improvernents in gamma and speed.

Discusshdetailhepfmim!npecsdmwensﬂymuwesswaeﬁneuexuain:

(a) fuorescence f) g\osphor

(b) phosphorescence g) K-absomtion edge
(c) activator 5 h) rare earth elements
(d) impurity ) L) vaience band

(e) conversion efficiency (k) phobocathods

Briefly define or explain the following parameters in relationship to intensifying screens:

(a) quantum detection efficiency (f) effect of temperature on screens
(b) conversion efficiency (9) screen biur and its sources

(c) receptor sensitivity (h) effect of screens on phototimers
(d) speed of intensitying screens (j) screen asymmetry

(e) halation - (k) quantum mottle

Intensifying screens are used in film radiography, fluoroscopy and photofiuorography. Discuss
the components of screens, give at least five materials usedasphosphorsandforeachphosphor
discuss the important properties, such as:

(a) conversion efficiency (d) absorption of x-ray photons
(b) emission spectrum (e) effect of screens on resolution
(c) unsharpness of screen (f) intensification factor

Briefly discuss and compare the relative merits used in selecting a film-screen system for
general radiography, mammography and extremity radiography in a modern radiology depart-
ment
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Intensified radiography or fluoroscopy has three basic components: the image intensifier tube,
an optical system for coupling the image intensifier to the viewing system, TV camera or fiim,
and the film or TV monitor. Sketch the arangement of an image intensifier with its accessories

bwnym&mm.

Sketch an image intensifier tube and clearly label and discuss its components. Define the
following parameters of an intensifier wbe:

(a) brightness gain

(b) minification gain

Discuss the Physical principles invoved in the production of the visible radiological image with
an image intensifier. Also discuss the image Quality obtained with image intensifiers (Quantum
mottle, contrast, resolution and image distortion),
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Sketch a block diagramof a fluoroscopy unit based on an image intensiﬁér/cbsed circuit TV
System and dearly fabe! ¥ main components.

Briefly define or explain:

a) wvideo signal f)  bandwidth of video s;
fb) horizoiqtafn scan lines }g’) the gamma somal
(c) electron gun (h) laginTVcamena
(d) Scanning fram_e ‘ L) électrical enhancement of fluorescence
(e) interlaced horizonta scanning ) olencdtrotqminescence combined with photo-
conductivity

REFERENCE

The Physical Basis of Hedical Imaging, by Coulam
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(i) Briefly define or explain:

(a) spatalt ency f) contrast transfer function
(b) modqlaﬁgnw fg) Wiener spectrum
fg; Fourmansfonnaﬁon gp)) ;pants.m noise
amp spectrum j near imagi
(e) band width (k) linearity ofgir?agaging Systems

(ii) Define the concept of finear systems and give their main characteristics. List at least three linear
imaging systems and 0One example of a non-inear System.

(iii) Briefly discuss with sketches the resolution and its measurement when it is defined by:
(a) the smallest distance between two objects that can just be resolved in the image as being

(b) the largest number of vlines per millimeter on a bar pattern which could just be distin-

(iv) State for which of the following the image unshampness cannot be specified by the line pair concept:

(a) x-rayfocal's t (d) image intensifier
x-ray film (e)

() intensifying screen (f)  object motion

Explain why.

(a) Discussthe technique for measurement of the two functions; ‘

(b) Sketch experimental configurations for the LSF measurement of-
1. image intensifier, 2, Screenffiim combination, and 3. x-ray film alone. Sketch typical
LSFsfor1., 2, and 3. above, and discuss what effect if any the x-ray focal Spot will have on
the measurement of LSF;

(c) Discuss the limitations of the two functions in resolution specification of complex x-ray
Systems.
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(i) Describe the relationship between the point spread function PSF and image quality. Explain
why this concept is impractical.

- (it} Define and briefly discuss the Edge Response Function ERF, Sketch the experimental arrange-
ment for its measurement.

(iii) Define and discuss the modulation transfer function MTF, explain its relationship to and

(iv) Briefly discuss the techniques LsedbfmasummntofMMTFandskelch examples of MTF's for
the following: ’

€) intensifying screens, and
fd; “ image w;'t?nsiﬁer

(v)  Briefly discuss the MTF for moving objects.
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Mammography, a technique for the radiographic examination of the breast, poses special prob-
lems because of the low subject contrast given by the visualized tissues and the high resolution

required.

Describe the characteristics of the following x-ray equipment used in mammography:

(a) x-ray target and filter éd ) eposure time and output exposures
(b) spot e) ftarget-to-image receptor distance
(c) anode volage

Briefly discuss the characteristics of both screen-film and xeroradiography imaging systems and
explain how the two systems are used in high resolution mammography. State the advantages and
disadvantages of each systam when usad in mammography.

Briefly discuss four other breast imaging techniques and explain their advantages and

disadvantages.

Explain briefly how you would periodically ¢alibrata a unit used routinely for mammography,
dearlystatememadineparanebrsbbednedxadawelasmemetndandequmempbeused
in the calibration.

Briefly discuss the risks involved in performing routine mammography using x rays.
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Briefly define or explain: »
(a) amray processor (f) convolution filtering
(b) pixel (9) duzenergy CT

(6] T wedge carbration -
(e) filtered back projection (L) Hounsfield number

Sketch and label the major components of a modern CT scanner capable of acquiring data for a
omogram in less than 5 seconds.

Describe with sketches the fundamental principles of x-ray transmission tomography, including
data acquisition and image reconstruction.

Compare the various types of x-ray detectors which have been usad in CT.

Discuss the beam hardening effect and define the Hounsfield scale of CT numbers. Also define the
CT number level and window used o specily the grey-ne display of the image.

Give typical numerical values for the following parameters as they pertain to CT imaging:
(a) x-ray tube kilovoltage

(b) effective photon energy for the measured attenuation coefficients

(c) the spatial resolution (at high contrast)

(d) g:g image display matrix size

image noise
(f) the CT number values for: air, lung, feet, brain, water, trabecular bone, cortica! bone
(9) the patient dose per bmogram and per compiete examnination (e.g., 10 tomograms).

REFERENCE

The Physical Basis of kedlcal Imaging, by Coulam
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Briefly define or explain the following parameters related to digital radlography:

(a) CrU ff) motion artifact
(2)) gy processor (g; sgtura'rt;onr;e artifact
d) aliasi trast medi
8 B, ) s

Current digital radiographic (DR) systems can be divided into two categories: digital
videofluoroscopy systems and scan projection radiographic (SPR) systems. Sketch and clearly
label the primary components of:

(a) a conventional fiim-based radi System
{b & conventional intensified video UOMOSCOpY System
€) a digital video system

an Sysem

Mataeheadva:msarud’s@amaoesofeadwsystemdsamadhm.

Briefly discuss the procedures and equipment used in DR 1 digitize the analog voltage signals
which are produced by the video camera. Also discuss the effects of various digitization processes
on the horizontal and vertical resolutions of the final analog image. Give typical values for
resolution capabilities of imaging techniques of (ii).

The procedure most frequently perfo.med using the digital fluoroscopy system is the digital
subtraction angiography (DSA). Discuss the rationale for and procedures employed in subtraction
techniques in general and Clearly state the advantages of DSA over conventional angiography
echniques.

Briefly discuss:

be
(o) Bnbamem,
€) asabeamn SPR systems.

%eheadnn@esaﬂds&magesofeadmwnwbonmdngbmﬂwmwpywsmm.

REFERENCE

Rmtnwelopmennin Digital Imaging, edited by Kunio Doi, Lawrence Lanzl, and Pei-Jan Paul Lin
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Bdeﬂydscussmeaenamlspeasdamamycomlmamhatypicalradobgy department.

Explain the procedure and equipment used for the quality control tests of the following para-
meters of radiographic equipment:

a) kVp :Ardran-Crooks cassette, f) radiation output
@ Wgcorsh cassette and voltage divider fé haW-value tayer
(b) mA stations (h) film-screen contact
(¢) exposure timer (j) phototimer
(d) focal spot (k) orid alignment

(e) collimatorbeam alignment

Explain the procedure and equipment used for the following routine quality control tests on
fluoroscopic equipment:

(a) kW (e) coltimaborbeam alignment
(b) focal spot (f) high contrast resolution
(c) output (g) low contrast resolution

(d) hatf-value layer
Briefly discuss routine quality contro! procéduras on film processor units:
(a) sensitometry (b) densitometry

Briefly describe a quality contro! program for image intensifiers, clearly stating what para-
meters you would measure andhowyouwouldpemrmhemeasuramems.
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Briefly define or explain:
(a) foil electret (f) photoconducior
b) corona charging (9) enhancement
2 c)) polymer (g) ;?;mstab'c latent image
(d) ion pair (j) triboelectrification
(e) electron-hole pair (k) electrographic toner

Elecuostaﬁcinagingissomeﬁmesoa'sideredasaposbleanemaﬁveb radiology based on film.
Compare the latent images in the two techniques and discuss in general the advantages and
disadvantages of electrostatic imaging compared 1 fim.

Electrostatic imaging has been performed either in the charge cancellation mode (xero-
radiography) or in the charge accumulation mode (lonography or electron radiography).
Discuss msmwwhemaﬁcauymemwbdes,andpoimmnmeadvantaoesadsadvamages of
each of them.

Gases, liquids and solids have been used as radiation sensitive media in electrostatic imaging.
Briefly discuss the various materials employed and explain the reasons for their use.

Briefly discuss and sketch the developmant process of electrostatic latent images with electro-
graphic toner techniques.

at one polarity to get the primary latent image, and the charge cancellation mode at the opposite
polarity to get the subtracted image. Briefly discuss the technique. -
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(i) Briefly describe the following radiological procedures:

(a) i (t) myelography
(b) Wmm (g) mammography
(@) croangeuay (1) venveoprahy
(e) intravenous pyelography (k)  pneumoencephaiography

(ii)  Contrast media are used in radiology to improve the visualization of some organs in the body.
The three most common types of contrast agents are: air, compounds containing iodine, and
compounds containing barium. Discuss the important radiological properties of these agents,
list at least five examples of their use in radiology and plot the mass attenuation coefficients for
a‘r.bdineandbarbminmephobnenerwramebetwaen 10 keV and 100 keV.

(iii) The purpose of subtraction techniques in radiology is to make diagnostically important
information easier 10 see. Briefly discuss the general principles of subtraction radiology.

(iv)  Briefly define and discuss the following subtraction techniques:
(a) photographic '
(b) digital subtraction angiography (DSA)

(c) K-edge fluoroscopy and radiography
(d) dual energy subtraction
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(i) Describe the theory behind "Dichromatic Absorptiometry of Vertebral Bone Mineral Content".
Assume that the energy source has two monochromatic photons at 44 keV and 100 keV
(i.e., Gd-153).
Be sure to Include in the discussion the importance of:

(a) selection of photon energy and effect on mass absorption coefficient for bone and soh tissue
(b) correction for spill-over and background
(c) derivation of equation for bone mineral content

(ii)  Describe one other technique commonly used 1o evaluate bone mineral content. Compare it with
the above technique, in terms of diagnostic accuracy, availability, radiation exposure, etc.

Noninvasive Bone Measurements: Methodological Problems (J. Dequeker and
C. C. Johnston, Jr. ede.) IRL, Oxford, Englend (1962).  Nomimuasive .
Measurements of Bone Mass & Their Clinical Applications, edited by Stan-
ton Cohn (CRC, Boca Raton, FL, 1981)

-
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Briefly define or explain:

(a) (f) wvalence band

8 e f) Eoereo

(d) phosphorescence : 5 ) surface?;rﬁer detector
(6) luminescence (k) n-type semiconductor

Describe in detail the principle of operation of a scintillation counter. Draw a diagram of a
typical counter and clearly label its components. Also describe in detail a photomultiplier tube

Discuss photon energy spectrometry based on scintillation detectors. Sketch a typical pulse
heightspedrumanddefw\emeblowing features:

(a) phobpeak (e) coincidence-sum peaks
fg)) x esm?'e?e;? ands f”) annihilag:rnzz(k
(d) a:nagmanon escape peak (g) characteristic x-ray peak

Discuss the photopeak energy resolution in scintillation spectrometry and give typical values
for at least three different scintillation materials. Discuss the reasons for a relatively poor
resolution of scintillation detectors. Sketch a pulse height spectrum obtained with a Na[(T:)
crystal for a Cs-137 gamma source (photon energy 662 keV). Indicate which features of (iii)
you will observe on the spectrum.
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Briefly define or explain:
a) radiation f) ALARA principle
gb)) somatic eg::gw 59)) Gray
c) stochastc eflects }h) Sievert
d) relative biological effectiveness (RBE) L) NRC
e) maximum permissibile dose (k) LD

What is the dose rate at the point where a beam of energetic beta particles is incident upon the
body i, over an area of 1 cm?, 100 beta particles are crossing per second ? Give your answer
in Si units and state any assumptions you find necessary 1 make.

A patient recoives 5.5 GBq of [-131 for reatment of thyroid metastasas.

(a)
(b)

What precautions must be taken 10 ensure proper protection of other persons ?

Should the patient's urine be collected ? If 50, for how long and how should it be disposed
of 7 What are the arguments against such collection ?

The chairman of the local university physics department is referred to the nuclear medicine
department for a bone scan. During the examination he asks a number of questions pertinent to
radiation safety. Give your responsas 1o the foliowing questions:

(a)

(b)

(c)

()

(e)

To which official agendies is the department responsiie for:
1. procurement, 2. storage, 3. usage (in vivo), and 4. disposal of radiation material 7

What are the detrimental effects of radiation at the levels in use in a nuclear medicine
department ?

Are there any realistic circumstances in diagnostic nuclear medicine when a potentially
dangerous dose of a radiopharmaceutical agent may be administered 1 a patent ?

Whaareg)esourcasarrdnxao'\m.desofnamva!badqoundradiaﬁon? How may these be

What instruments would you want to have available for purposes of monitoring radiation
levels, and why ?
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Briefly define or explain:
&) ot () R e
a alf-value layer
(c) ionization - - g) positron decay
(d) Kabso {j) electron capture
(e) ion pair

Describe the processes by which the energy from a beta particle emitted from an J-131 atom
within the thyroid may be absorbed by the surrounding tissue. What biological damage may
result from these processes?

Using the principle of conservation of energy and momentum, show that a photoelectric process
cannot take place with a free electron.

For Tc-99m and |-131 sketch graphs showing the energies of Compton-scattered photons
Versus angie.

Discuss the implications of these gra;"hs for imaging with a scintillation camera having a
Nal(TE detector which is 1/2° thick. Refer specifically to detector photopeak efficiency and
the (in) ability of pulse height analysis 1 discriminate against photons scattered in the patient.
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Describe the operation of three types of personnel radiation monitors that depend on different
methods to detect and integrate the radiation exposure dose. Indicate the advantages and

disadvantages of each type of detector.

A surface is surveyed with a G-M counter for contamination and a small spot of contamination is
found which gives a reading of 15,000 counts/min.

The normal background reading is 45 counts/min. The counting rate becomes negligible when a
5 mm plastic absorber is placed over the area. The counting rate for a bismuth-210 beta
reference source counted in a similar manner is 9400 counts/min but is known to emit 32,600
beta particles/min. What is the rate of emission of beta particies from the contaminated
surface?

WMBMN&M@&WWMGM&WMH(‘)M?

A patient, whosa thyroid weighs approximately 20 grams, is given an oral dose of 3.5 MBq of
-131. Using the "classical method of calculation (not MIRD), what is the initial beta dose rate
in Grays 1o the thyroid if the uptake i5 30% ? See attached table for details of |-131 beta decay.

How much [-125 and P-32 may be discharged by a hospital if the water bill shows that the
institution uses 1.2:107 cubic f vannum ? A]]owat_:le average concentrations of
I-125 and P-32 are 4x107° uCi/ml and 5x10 uCi/ml, respectively.

What factors will modify the amounts calculated in (v) above ?

A nuclear medicine department releases spent Xe-133 through a vent on the roof of the building.
The flow rate of the air through the hood which has an opening of 1 m2 is 7.1 linear m/min.

What is the maximum permissble weekly discharge rate ? (Air concentrations of
Xe-133, averaged over 1 year, shall not exceed 3x1077 uCi/ml).




C.5

(i)

(ii)

(iii)

(iv)

(v)

35

<o

Wayne State University
School of Medicine -

PHYSICS OF NUCLEAR MEDICINE

which 66%, 95%, and 99% of the observations should fall.

Give an analytical expression for the Poisson distribution and derive an expression ‘or the
variance of the mean,

techniqueé would best estimate this background activity and v)vhy ? Justify the error propa-
gation assumptions that you make

Let pixels of two digitized gamma scintillation camera images be represented by X(i.j) and
Y(i.j) with assumed errors of aX(ij) and aY(ij) respectively. What is the error of a
picture element formed by:
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What collimators would you select for each of the following procedures ? Explain the reasons
for your choice.

(a) first-pass angiography

(b) images of the knee using galium-67 citrate ("spot views")

(c) alung scan w detect metastases in a patient with local recurrence of thyroid cancer
treated with radiciodine three days earfier.
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Briefly define or explain:
a) guard electrodes f) Worair
b) air-wall material g) extrapolation chamber
g ; collection efficiency )) g»naerr calibration factor
pair
e) build-up cap (l) initial and general recombination

(ii)

(iih)

(iv)

(v)

Draw schematically and briefly discuss the standard free alr ion chamber and clearly state
its limitations. '

Draw schematically a paraliel-plate (pancake) and a thimble lon chamber, labe! their main
components and show a simpile electronic circut associatad with them.

Draw a saturation curve for & typical parallel-plate ion chamber irradiated with a continuous
photon beam and briefly discuss the behavior of the saturation curve as a function of radiation
intenshy, electrode separation and photon energy.

Briefly discuss the use of ferrous sulphate dosimetry and calorimetry as the only altematives to
ion chambers in absolute dosimetry.
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Thermoluminescent Doslrmtiy (TLD) is the most prominent of the numerous relative
dosimetry techniques. Discuss the basic physics behind the TL process, show schematically a
typical apparatus for TLD measurements and clearty label the components.

Briefly define or explain :
(a) TLD phosphor f) infrared emission of the planchet
(b) TLD-100 g) activation

C) glowcurve } supralinearity

d) photomultiplier tube L) pre- and postirradiation annealing
(e) optical filter (k) recombination center

Name at least five substances which are currently used as TL dosimeters, and give their main
characteristics such as: effective atomic number, relative sensitivity, spectral response,
temperature of dosimetric peaks, efc.

Name at least five relative dosimetry techniques other than TLD and briefly discuss their main
characteristics. '



American Board of Radiology
Radliological Physics Exam - Part I 1985

After taking this exam the following topics were noted as be ing
stressed in multiple questions. This topic 1ist was prepared in
the event that I. would have to retake this exam (luckily I aid
not)?!

INTERACTIONS - PHOTONS & PARTICULATES
Mass Attenuvation Coefficients
Photon Interactions (PE, COMP, PP)
Know equations!!! {e. Ece, Eaphoton» Ene, etc.
Know what each interaction depends on fe. Z, etc.
Shielding - Barriers

ELECTRICITY
Ohm’s Law
Circuits - Relationships & Design

BASIC PHYSICS
Force, Pressure, Work, Sound, etc. = Know Equations

RADIATION BIOLOGY
Latent Periods vs Radiation Induced Disease
Doses~~-)> Effects ie. Ranges for certain effects
Survival Curves
Human Data vs Theory
Quasi-Threshold

DIAGNOSTIC RADIOLOGY
Tubes = know ({nterrelationships {e. Anode Angle effects
vhat?
Procedure Setups le. mls, kVp etc.
Barriers

INSTRUMENTATION
Instrument of choice in particular situations ie. scatter
measurements

RADIOACTIVE DECAY
Types - nuclear events leading to each decay process
MeV - amu mass conversion calculation

COUNTING STATISTICS
Std. Deviation of counts, count rates
Optimun division of counting times

ULTRASOUND
Scan types vs application

cT
Inhancement results fe. Which pathophysiological conditions
are best represented by contrast
Review Anatomy - Scans
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ABR Part 1 = 1985 cont’d.

RADIATION SAFETY
Calculation of doses and permissable times

MPD for organs, different groups of population
Sign posting requirements

ANATOMY & PHYSIOLOGY
Know malignant vs benign disease types
Bone anatomy
Hormone to organ matching
Point of origin
Organ most affected

IMAGE INTERPRETATION
CT images: Abdomen & Pelvis
MR images: Head & Body



American Board of Radiology
Examination for Certification in Physics (Therapy)
October, 1985

Part I. Part I was divided into the three types of questions which are
discussed in the ABR pamphlet. There were approximately 175 questions

of each type which means that there were probably about 1000 total
answers., Approximately 10 to 15% (more than I would have expected) were
on anatomy, physiology and endocrinology. There were 4 CT slices of the
chest and abdomen which required identification of anatomical structures.
These were not particularly difficult since identification was required
only for major structures. The questions on radiation biology were
concerned with the basic parameters such as DO, Dq, n and survival

curves, There were also questions on RBE, OER and some knowledge of BIER
doses was needed.

There were very, very few questions on ultrasound, CT or MRI but there
were many, many questions on statistics, and nuclear medicine counting,
(standard deviation, distributions, etc.). A calculator (non-programable
of course) with some stat functions would be very helpful and save a lot
of time. The diagnostic x-ray questions were mostly in the area of tube
charcteristics (falling load, focal spots, etc.).

Nuclear physics questions were in the area of radiation/matter inter-
action and required knowledge of the P.E., Compton and pair production

parameters, There were not many computer questions and most of those
were about binary/octal numbers.

Health physics was covered with questions on radiation detection
instrumentation., Knowledge of different type of detectors and their

application was needed. There were H.P, questions which required some
dose calculations and took some time,

An overall review of glossary terms would be helpful. There were
many questions on the units and relationship between force, energy,
power, momentum, etc., and on the analytical description of physical laws
such as the uncertainty principle, phase/group relationship.

Part II. There were six essay questions (some with multiple parts) with
four to be answered. The therapy questions were as follows:

1. Four field pelvis dosimtery. Given TAR and OCR tables and various
dimensions and a 200 rad target dose, determine doses at various
locations. The technique was SSD. This required a great deal of
calculation and took about 1/3 of the alloted time.

2., Given 8 Mev e~ impinging on a 2 cm unit density tissue overlying 0.5
density lung, determine how much lung is irradiated. How could you
reduce the volume of lung irradiated?



Page 2
Therapy Essay (cont)

3. Describe the main features of the new dosimetry protocol (TG21). How
does it differ from the old method?

4., Describe what produces skin sparing for high energy photons and what
parameters affect the depth of maximum dose.

5. Given the dimensions of a tumor volume, 0.5 mCi 125 Iodine seeds and
the Anderson nomogram, plan the implant (spacing, location, etc).

6. Low energy e~ impinge on a cheek. How would you protect the bucal
mucosa and what are the doses received.

Radiation Protection:

1. Given 140 (7 x 20) mRe of Cesium in a 1" Pb pig (HVL = 0.65 cm)
improperly stored in a housekeeping closet with a typist in the next
room 0.5 m away for 5 days, 7 hrs/day and 50% transmission through the
wall, determine the dose received, the NRC regs which were violated,
What must be included in the incident report and what topics should be
discussed during counseling.
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WRETVTEN QUESTIUNSG - ABR CERTIFICATION EXAM (10/8%)

A physician is complaining of poor fluoroscopic images...

i,
b,
o

discuss the components which affect image quality
how would you test these components?
compare patient and Il entrance doses

Computerized tomography...

.

discuss facters which atffect large area detection,
and dose efficiency
an artefact caused by petirous bong in the skull occurs on

resolution,

a properly calibrated, functioning CT. What cauvses this artefact?

How would you eliminate Lt7
For o 320X320 matrix, how many projections are needed to suppr
aliasing? Give reasoning.

Digital Subtraction Angiocgraphy
}

.,

by,

<o

what additional equipment would you need to add/replace in a
conventional anglography room to do DSA?

describe the following modes: mask mode, road mapping, dual
energy, and time interval

describe a method of doing edge-enhancement using a computer

Magnetic Resonance Imaging

describe the process of obtaining a spectrum of a small liquid
or tissue sample., What would the spectrum look like for pure
water?

describe spin-echo and inversion recovery pulse sequences
describe how you would abtain 2~D spatial infermation during

1 spin-echo sequence

DIAGNOSTIC PROTECTION

Shielding desian using the short-cut (table’ method.

2

=

=

Comparison between anglography and cime exposure. What are the factors
which contribute to the dose?



NUCLEAR HMEDICINE PHYSICS
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Blood volume calculation. Given cpm data for standard, whole blood,
plasma, and water:

a. calculate plasemd volume, bload volume, red cell volume, and
hematocrit
b what precavtions should be followed?

Positron Emission Tomoagraphy

. describe the principle of PET

b, what are the advantages vs, disadvantages of PET compared with
traditional nuclear imaaing techniques?

name 3 nucleil uvsed inn PET ilmaging and give the activation
equiations to produce thewm

&

Fourier Transforms

a. describe the FT of 128 X 128 nuclear wmaedicine images

b describe how to use a sinc function to enhance a particular
freguency

< describe the correlation of two 128 X 128 matrices

Dose calibrator

a, describe the components of an ifonization dose calibrator. use
diagrams

Iy, for the range of energies and gammad ray constants used in nuclear
medicine, what component 1s adjusted to compensate for this?

c . what 864 program should be implemented for the dose calibrater and

how do vou use Lo-5%7 to do energy dependence testing?

NUCLEAR MEDICINE PROTECTION

i1,

Absorbed Fraction Methaod

a, explain the theory of canlculating doses by this method., use
equations and explain all variables and constants
5. what is the cumulative activity for the foellowing conditions:

instantaneocus uptake, only T{(b) considered
instantaneocus uptake, only T(pJ considered
instantaneous uptake, oenly T{e) considered
uptake not ingstantaneoaus

. what is meant by "dose reciprocity™?

A nuclear medicine department performs 3 lung scans per day using
Xe-133. After the first study, the trap malfunctions. Given the room

volume and exchange rate between the room and the rest of the hospital,
{airloss per hour = 30¥):

o, how long before room concentration falls below the MPC value?
b. how long for hosplital as a whole to fall below MPC?
C. assume the trap to be %% efficient — given the gamma ray exposuyre

rate for Xe-133 at 4 cm, what is the exposure rate at 2 meters
after 48 hours?



ABR Therapy Essay Questions October 1986

1. A 6 MV photon beam is used to treat a patient
20 em thick at 100 SAD. The machine has an output of
220 rad/min at 100 cm at depth of dmax.

Calculate dose rates at the following points

A at depth 10 cm for unblocked field

B at depth 5 cm for blocked field

C at depth 10 cm for blocked field

given off axis ratio table
TMR table for fields 5X5, 10X10, and 15X15 at
different depths et (e

TMR for 0X0 field is not given
the following diagram

2a. Given a figure similar to that drawn below, discuss
the change in dose at the points A - F,.

b. Discuss how you correct

for inhomogeneities using the
following methods: 1. TAR

2. Batho power 3. don't remember.

c. What is a CT number?
How do you use this
number in therapy when
the CT scan has been obtained
for diagnostic purposes?

3. Total body Irradiation to treat mycosis fungoides

a. What modality do you use for your beam? (photons?
electrons? neutrons?)

-»

b. Describe the characteristics of the beam and the
energy used.

c. How do you calibrate and obtain the percent depth
‘ dose table, and etc.

d. How do you treat between fingers?



Protection Question

Given a diagram of a hospital floor, a new room needs to
be added and used for Cs-137 implant patients.

Prepare an instruction sheet for nurses.
What should you advise visitors?

Calculate the thickness of a wall between two
rooms and what material do you use for shielding?
Given: 250 mCi Cs-137

HVL of lead

HVL of concrete
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PART_ONE_— MULTIPLE CHOICE QUESTIONS
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X49. Match the following terms A-E with the definitions 1-4:

THE AMERICAN BOARD OF RADIOLOGY

1978 RADIOLOGICAL PHYSICS EXAMINATION: PART I A-35
Category L
item Type

Irregularity of muscular action
A dilated artery or vein sac
.Collapse of a lung

Arterial lesions containing
cholesterol deposzits -

——— e - o = A A = o o o o o h W - o o a1 0 23

o

Pictorial HMaterial
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A. Atrophy

B. Atelectasis
C. Ataxia

D. Artherosclerosis
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For each numbered term 1-4, match the most closely associated
anatomic region A-E.

1'

2.

3.

Hydronephrosis
Osteoporosis
Hydrocephalous

Arthritis

Brain

Bone
Kidney
Joints

Liver




PART 11
DIAGNOSTIC RADIOLOGICAL PHYSICS (PROTECTION)

Part A
Determine the wall, floor and ceiling shielding protection for a typical body CT unit installed in the center of a 16 x 16
ft2 room. Justify any assumptions you make. Attached are a table from NCRP Report #49 and exposure data for a

typical CT unit which you may wish to use. State your results in practical terms suitable to the understanding of an
architect, structural engineer or contractor.

Fart B:

Discuss the radiation safety measures you would take in the design, installation, and evaluation of the CT scanner
facility to make it as cost effective as possible.

TasLe 5—Minimum shielding requirements for radiographic installations

WUT* in mA min
Distance in meters from source o occupsed ares

100 kV* 128 kV* 150 kV*
1,000 400 200 1.5 2.1 3.0 4.2 6.1 8.4 12.2
500 200 100 1.5 2.1 3.0 4.2 6.1 8.4 12.2
250 100 50 1.5 2.1 3.0 4.2 6.1 8.4 12.2
125 50 25 1.5 2.1 3.0 4.2 6.1 8.4 12.2
62.5 25 12.5 . 1.5 2.1 3.0 4.2 6.1 8.4 12.2
Type of Area Material Primary protective barmer thickness
Controlled Lead, mm* 1.95 1.65 1.4 1.15 0.9 0.65 0.45 0.3 0.2 0.1 ~ 01
Noncontrolled Lead, mm®* 2.9 2.6 2.3 2.05 1.75 1.5 1.2 0.85 0.75 0.55 0.35
Controlled Concrete, cm* 18 15.5 13.5 11.5 9.5 7 5.5 4 2.5 1.5 0.5
Noncontrolled Concrete, cm* 25 . 23 20.5 18.5 16.5 14 12 10 8
. Secondary protective barner thickness
Controlled Lead, mm* 0.55 0.45 0.35 0.3 0 0 0 0 0 0 0
Noncontrolled Lead, mm® 1.3 1.05 0.75 0.55 0.45 0.35 0.3 0.05 0 0 0
Controlled Concrete, em* 5 3.5 2.5 2 0 0 0 0 0 0 0
Noncontrolled Concrete, cm® 11.5 8.5 1.5 5.5 4 3 2 0.5 0 0 0

3 W —weekly workload in mA min, U — use factor, T —occupancy factor.

» Peak pulsating x-ray tube potential.

¢ See Table 26 for conversion of thickness in millimeters to inches or to surface density.
4 Thickness based on concrete density of 2.35 gem™ (147 b ).

+ Barrier thickness based on 150 kV.



TYPICAL SCANNING TECHNICS
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CT/T Survey Paramaters

pPhantom 42 cm Alcohol kVp 120
Views 288 mA 200
Scan Time 4.8 sac. Puise

Filter Body Width 22 ms

CT/T Survey Parameters

Phantom 42 cm Alcohal kVp 120
Views 288 mA 200
. Scan Time 4.8 ssc.. Puise

Filter Body Width 2.2 ms

CT/T Survey Parameters

Phantom Tommie kVp 120
Views 576 mA 600
Scan Time 9.8 sec. Pulss

Filter - Head Width 33 ms
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é PART II
DIAGNOSTIC RADIOLOGICAL PHYSICS

D-3.
4 points PartA:

Discuss the contributions to noise in a radiographic image.

8 points  Part B:

Is noise more significant in a cerebral angiogram or in a cholecystogram, and why?
gn

$ points  Part C:

Compare the properties of rare earth screens and CaWO, screens. For the same MTF, compare image
noise for the rare earth and CaWO, screens.

V
/L PART 17 é

DIAGNOSTIC

1ts Problem 2

An unfocused 19 mm diameter, 1.6 MHz pulse-echo ultrasound transducer is
found to be 21 dB less sensitive to a small rod target in water at 11l cm
range than an unfocused, 2.2 MHz transducer of the same diameter.

a) 1Is the rod target in the near field (Fresnel zone) of either
4ransducer, and if so, which one? (speed of sound in water =
1.49 mm/Usec)

b) Neglect the fact that the transducer response to rod targets in water
may change with range, and assume that the average attenuation
coefficient for ultrasound propagation in tissue is 1.0 dB/cm-MHz.
Consider the attenuation of ultrasound in water to be negligible.
Which transducer is more sensitive to a small rod target in vivo
at a range of 17 em and by how much?

c) Qualitatively, how do the relative sensitivities calculated in (b)
change when you consider the directivities of the transducers, i.e.,
the change in their response to rod targets in water as a function
of range?

14
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{3)

{4)

£3)
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PART 11X
DIAGNOSTIC

Problem 3

Part A
in a simple formula '
Relate/the focal spot size (F}) in mm of an x-ray tube, magnification (M)
of a test object, and resolution (R) in line pairs per millimeter (1p/mm) .
Use this formula to draw the curve for resolution versus magnification
for a focal spot size of 1 mm for ¥ from 1.1 to 10.

Part B

Give the limiting resclution (lp/mm) at an MTF of 0.1 which one would
expect from the following imaging devices when exposed to x rays.

Resolution {(lp/mm) at
MTF = 0,1

Hedical x-ray film

Slow (high detail) screens

HMedium (par speed) screens

Fast (low detail) screens

Cadmium zinc sulfide image intensifier

Cesium iodide image intensifier

Television with image intensifier

Part C

Use a simple diagram of a line source focal spot and & sinuscidal test
object to show the resolution of the focal spot for an object placed
(1} adjacent to the focal spot and

{2) midway between the focal spot and the image plane.

Show the resolution in the imageplane for each of the above situations.

v

I
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2 pts. a) For the idealized film/screen combination described by the characteristic
curve shown in Figure one, write an equation for the segment between toe

and shoulder. Define all terms.

OFPTIERE DENSITY

LOG (RELATIVE EXPOSURE)

Figure 1

6 pts. b) Define image contrast, €, to be
i + .
£ = max lmm
r Mmax o min
i -1
max min

Where 1 .. = maximum light intensity transmitted through radiograph

Loin = minimum tight intensity transmitted through radiograph.
Assume that the relative exposure across a beam exiting an x-ray test

phantom varies sinusoidally as depicted in Figure 2.

It




2 pts.

/0

¥, = AMPLITUPE,
o, = FERIOD

EXPoSURE

%

PELRBTIVE

4

&
PosiTron Alevg TEST AT oA

Figure 2

i1f the relative exposure axis in Figure 2 falls in the optimum imaging range
of Figure 1 show that, using the film/screen combination in Figure 1, the imag
contrast of the test phantom is given by

L = (XZ

r Y Y
X + X - (X - X
(2 ‘) (2 1)

Y Y
+ x1) 4 (X2 X1)

c) 1f subject contrast, Cs, is defined to be

Where X = maximum exit exposure
max

X in = minimum exit exposure,
m

show that if y = 1, subject contrast is not enhanced {(i.e., image and
subject contrast are the came)s Also, explain why subject contrast 1Is enhanc
ify>1 and ify <1 why subject contrast is reduced.
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You are asked to evaluate the resolution capabilities of two mammographic
systems A and B with the following parameters:

SYSTEM A: No-screen film technlque. 30 kVp, 1600 mAs.
Focal spot 2 mm square, uniform emission.
Focus-film distance 80 cm. Midplane breast to film
distance 5 cm.
Flim A.
SYSTEM B: Single screen/fiim technique. 30 kVp, 100 mAs.
Focal spot 0.6 mm square, uniform emission.
Focus-film distance 55 cm. Midplane breast to film
distance 5 cm.

Film B.
Screen

L pts. a) Derive the modulation transfer function (MTF) for the focal
spot In systems A and B.

2 pts. b) Find the limiting resolution of the two systems, stating
all assumptions.

4 pts. ¢) Discuss the relative advantages of the two systems.

b ’.0

FUM A (HOR/ZONVTRYL L/
FIAE

] 0

ozélé&mﬂf%‘\mzo |
LINE-PRIRS (g i Figure 3




PART II
DIAGNOSTIC RADIOLOGICAL PHYSICS (PROTECTION)

All calculations should be shown and necessary assumptions should be stated on the answer shee .

PD-1. The principal component of the radiation from xenon due to the decay of Cesium-181 is a 30-keV charac-
teristic x ray. An ionization chamber survey meter gives a reading R, when placed at point P, at a large
distance from a eource of Xenon. The exposure rate at P, is I.

¥
q '

: 1 t |—Center of sensitive

. —> LN (f"’J volume placed at P,
Source PRI o ! !
— g ! !
° > | o

[ — - “‘z,: -
(_,._..”Survey Heter
farge distance « e
FIGURE 1

The survey meter is now placed above a lead shield containing ancther source of Xenon with a beam transmitted
through a hole in the shield. The exposure rate at Pyis J. '




PART II ‘ '
DIAGNOSTIC RADIOLOGICAL PHYSICS (PROTECTION) -

} PD-1. {Continued)

V4 | 5 / §

&y =

Pout’

FIGURE 2

mber to point Py is d. The diameter of the holz in the

The distance from the center of the sensitive volume of the cha
d in terms of the variables given? Dimension ¢ is suf-

shield is f. What is the reading R, on the survey meter expresse
ficiently small so that air attenuation is negligible.

ow
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PART II
DIAGNOSTIC
PROTECTION
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Problem 5

A fluoroscopic unit with kVp-variable automatic brightness control
has a choice of four current settings: A = 0.5 mA; B = 1.0 mA;
Cws 2.0 ma; and D = 4.0 mAa.

a)

b)

c)

4)

¥Which of the current settings will produce the lowest exposure
rate at the skin? W®hy?

If a pregnant woman with an A-P dimension of 20 cm receives 5 minutes of
fluoroscopy for a barium enema examination &t 100 kVp and 1 mA,
estimate the fetal dose. Assume U = 0.2 cm™l and make any other
reasonable assumptions needed for your estimate.

In addition, eight 9" x %" P-A spot films are made at 100 kVp and
20 mAs. Estimate the fetal dose from this procedure as well.

Discuss the differences in the deleterious effects on the fetus
most likely to occur as a function of the time interval between
conception and time of examination for the following intervals:
1 week, 6 weeks, and 3 months.

2
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THE AMER{CAN BOARD OF RADIOLOGY
1979 RADIOLOGILAL PHYSICS EXAMINATION: PART 11

PD-6
AEDICAL RECORDS COFFIEE”
@) 25 EF ' >
RaDIOLOGISTS
BRARKPROO A ee
PRUIISS———

Figure b

The general purpose radiographic room in Figure 4 above is operated at

technique factors up to 125 kVp and 500 wA at a workload of 400 mA-min/weel.

With the exception of the Medical Records Office, all rooms and the corridor

are controlled areas. Using the attached figure, assuming that the normal wall
construction provides no attenuation, and Justifying other reasonable assumptions
wherever needed, estimate the minimum wall shielding for:

a) the east wall behind the chest cassette
b) the north wall for protection against crosstable lateral exposures

¢} the west wall so that the exposure to stored film does not exceed
the permissible level

d) the control booth for protection as a secondary barrier

(Figure 5 - MCRP Report 49 provided)

7 P




PART II
THERAPEUTIC RADIOLOCICAL PHYSICS (PROTECTION)

Upon return to the storage area of an applicator following its removal from a patient, it is noted that one of the sealed
radium or cesium brachytherapy sources is missing. Consider the situation as if you are the Radiation Protection Of-

ficer for the hospital and that the source may receive rough handling.

Part A:

Completely outline the procedures to be instituted in finding the source, including specification of the type of source.
and its activity.

Part B:

Describe the procedures to be instituted to estimate and evaluate the exposures and associated hazards to persons com-
ing into contact with the source.

Part C:

What procedures were instituted to address the associated hazards delivered in Part B?

THERAPEUTIC RADIOLOCICAL PHYSICS

Part A:

Suppose one has a 20 X 20 cm beam of 20 MeV electrons striking a water phantom. With bone density = 1.5g/ cn.x’ a'nd'
lung density = 0.5 g/cm?, how far and in what direction would you estimate the 50% isodose line would shift if:

(1) A one cm thick slab of bone were to replace the water between 1 and 2 cm depth?
(ii) A one cm thick slab of bone were to replace the water between 10 and 11 cm depth?
(i) A two cm thick slab of lung were to replace the water between 1 and 3 cm depth.
(iv) A two cm thick s{ab of lung were to replacc' the water between 10 and 12 cm depth?

Part B:

On the attached graph, draw the isodose distribution as accurately as you can for the 5, 50% and 90% isodose curves for
electrons. :
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SEE FOLLOWING TABLES-FIGURES

a. A patientisto betr
@ turnor. The point
The depths of tissue above T for the
¢he tumor from each of the fields.

1977
PART 1I

THERAPEUTIC RADIOLOGICAL PHYSICS

maximum for each of the fields. (Neglect inhomogencities)

24

eated on a cobalt unit with three 6 X 10 cm beams which intersect at T. the center of
T is 80 cm from the source and the dose rate is free space at this point is 85 rads/min.
8 ficlds are 8, 12 and 15 cmn respectively. Determine the dose rate at
!’}cxermir_\c also the dose rate and beam size at the position of dose

 b. | If cach of the 8 beams in this problem is to be applied for the same length of time, what is the total treat-

[}
.

ment time required to deliver 200 rads to the point T?

c. If each of the 8 beams yields the same tumor dose, determine the appropriate times, the total time, and
the maximum dose given each field for a total dose of 200 rads at point T.

d. ldemtify possible advantages and disadvantages of these proposed plans.

PART II

THERAPEUTIC RADIOLOGICAL PHYSICS

“COBALT TISSUE-AIR RATIOS

POBR USE BETWEEN 60 CM AND 109 CM (SOURCE-AXIS DISTANCE)

FIELD 812X (C x €3 AT DERFTH

o ] [ 341 axé =7 8xs ex9 16 x10 x 12x1e
0.5 1.019 1.022 1.026 1.029 1.082 1.085 1.038 1.041
1 1.006 1.011 1.016 1.020 1.025 1.029 1.082 1.085
2 .566 .976 .984 .992 .998 1.004 1.009 1.013
3 .927 .988 .948 .858 .965 .872 .978 .983
4 .887 902 913 924 .982 .940 846 .52
5 .843 .859 .878 .886 .896 .805 912 .918
6 .804 .B21 834 .847 .857 867 874 .881
7 .769 7176 792 .807 .818 .829 887 .845
8 718 786 .751 765 776 .787 796 .805
9 677 .695 710 725 .7%6 746 .755 764
10 688 .655 670 .685 .697 .709 719 729
11 .599 .615 .630 544 .659 678 . .683 693
12 .b63 .580 5386 611 .624 .636 646 .656
18 530 548 .564 .580 591 .602 618 .628
14 499 B1b 580 .545 .558 871 682 592
15 .470 487 500 513 .527 .540 851 .562
16 4438 458 472 .485 498 510 621 532
17 418 482 445 .458 470 .482 493 504
18 .892 406 4E0 438 .445 457 .468 .479
19 .569 388 .896 .408 421 434 445 .455
20 247 861 .374 .586 .398 410 421 431




PART II - 24
THERAPEUTIC RADIOLOGICAL PHYSICS

EQUIVALENT SQUARES OF RECTANGULAR FIELDS

Long Shert axis (em)
exis | ! &8 8 ¢ § @ 7 8 9 10 3 12 18 14 18 16 17 1 9 20 22 2¢ % 38 %N
em) _
P i
2 54120
$ [16124(80
¢ 117127194140
$ |i8]80|9B[43]150D
6 119181142 |481558] 60
7 |%20198|43(51/58;68] 70
8 (2-11{94]43184(62|62] 73] 80
9 {23-1({35|483-6{651%2| 79| B3] &0
10 (2296 ¢BiS8|67] 95 62 B9 251100
Moj22(871¢0]50]|60| 78] 86 98] &5)10.8]110
12 je2]87i3016:1{7-1180 88| 981103100 [11-9]12-0
13 |2-2(3-8(84(62(7-2] 82| 1] 99{10-6[11-3{11-8}12:83]13:0
14 |2:3({38|%1|63{74¢]| 64| ©3]10-1]105}1i-6]82-83)12-.9115-3](14:0
18 12-3(8%1%2:64175] 65 95[10:8712-2]11-9{12-6]/13.3:18-D{14.3}150
16 {28i80{52(63|V-81 86 H6{10:8(21-4]122)18:0113:7{14-83}14:0]155]16:0
19 12.3(%-983({63{%7 88} 68{10-7|01-6)12-47185.2]14:0]14:7]15831159165{17:0
i8 123!¢0(58(668i78/ 85! 89|10-8]11-8}12-7]195}14-3{150]157{16-8/16-9]17.5{18:0
10 |2s{40i{%¢i66|78] 65 |100]11-6]11-9}12.8]18.7]14.5(153]16-0{167{17-3]/17:9}18:5]19-0
20 183140]5416-7|79] 90301 {11-3}12-3113:0;13-9{147]15:5]16-3;17-0[17-7]|18-3]18-9}195]20-0
22 12:8|¢06{95]/68(80] 6 {108 1{-9]12-3]183]4-2(131]16:0{16:8]17-6{(8-3]19:0]19:780-3[20-98]22:0
9¢ l2:¢|43188:188(81]109(i64]11-3(32-3(183[14.5]1%-4(1683[17.2[18.0(108}i98{20-3121-0121-7(32-9}24:0
2d 2414318316081 )] 88 108116526197 14711371661 175]18-4¢ 102201200 Q1-6122-4123-7)24:8{25:C
26 (2¢]61/56160]|82]¢¢1108] 1171128138 44-8]189]16-8{17-8)18.7{19-4/20-3;21-3)22-1[22-9]24-4]257127-0{28-0
e l3-¢let|%cicp|82] 84 1506(21-7]128|139]150(16017:0{18.0]18-0119-9{20-8)21-7{82-5/23-3}124-9[264]27.7/26-0]5800
All dimneraions are in cm
B TABLE I
4
/1977 : A
PART II B
5 THERAPEUTIC RADIOLOGICAL PHYSICS e

T-2.  Given: Percentage depth dose Table 111 for Co-60 gamma rays 80 cm SSD

a. If 100 rads were given to & 10 X 10 cm field at d,.. (0.5 cm), how many rads would be delivered at

alo cr;x depth? How many rads would be due to primary beam? How many rads would be due to
scatter

b. If you were developing the above chart, how would data for “O" fi i i
for O i siee GEnE ohe above , ata for ield be derived? Give three uses

€. Would you expect the skin dose to be higher for a 20 X 20 cm field than a 10 X 10 field? Why?

d. By what methods could you increase the tumor dose without changing the SSD or field size in a

e@"kﬁ %'Db 1 o)

24
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Wayne State Universtty
School of Mediicine
D.13 _DOSIMETRY
(i) Briefly define or explain :
a) photo-peak f) electronic avalanche
ib) dynode g) spacs chame
G| gt |
56) %m ({() dead time

(i)

(iil)

Describe the following radiation detectors based on gas ionization and discuss their relative
merits in the field of radiation protection:

(a) ionization chamber
(b) proportional counter
(c) Geiger-Mueller (G-M) counter

How are these detectors calibrated 1o gfve readings in radiation quantities pertinent 1 radiation
protection ?

Briefly discuss :

(a) the calculation of absorbed dose in air from a measurement of ionization‘in air with an
lonization chamber

(b) the energy discrimination ability of proportional counters

(c) how b distinguish between beta and gamma raciation with a G-M counter, and
(d) how b determine source strength of a Beta emitter with a G-M counter.
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D.14 DOSIMETRY

(i)

(i)

(i)

(iv)

Describe the principles of operation of scintillation detectors and discuss their use in radiation
protection.

Draw a typical puise height spectrum obtained with a Nal (Tf) scintifiation detector and an
encapsulated cesium-137 gamma source. Identify and expiain the main features of the spectrum.

Discuss the techniques used for obtaining pulse height distributions from beta emitters by
means of iiquid scintillation counting techniques.

Thermoluminescent Dosimetry (TLD) is the most widely used relative dosimetry technique.
Briefly discuss the main characteristics of a typical TLD reader and at least three materials used
&s radiation sensitive phosphors.
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D.15 DOSIMETRY

Discuss the varlious protocois which have been designed for the determination of
absorbed dose from high-energy photon and electron beams.
(1) For the TG-21 protocol explain the following terms:

(2) “directly traceable” to NBS; (1) (gen/p)oll,;

(b) Co-60 calibration factor; (J) Buwairs

(c) Ngas; (k) W/e;

(d) dpay: (1) Aygn;

(e) bulid-up cap; (m) Ny;

(f) Bragg-Gray cavity; (n) Aya)| And Pwali:
(9) Jgas: (0) Argp) And Prgp;
thy 5/e ):;;'; (B) Eqo P

(11) How would you determine the coliection efficlency of an ion chamber?
(111) Discuss the choice of lon chamber for the callbration of photon and
electron beams of various energiles.

(iv) Dlscuss the problems assocliated with the use of plastie phantoms for
high energy x-ray beam calibrations.



Wayne Siate Universlly

) School of Medicine
E.1. RADIATION SAFETY:.
(i) Briefly define or explain:
a) maxmum permissbie dose f) radiation protection
gb; oenebc:mly ificant dose g)) Sievert P
c) mlatrve b-obgacal effectiveness ) rem
d) dose equivalent ) mutation
{e quality factor ) LDsprp

(ii) Briefly discuss at least six methods which will reduce patient dose in diagnostic radiology
procedures.

(iii) Describe the types of shielding required in an x-ray radiographic installation. State the
information you would require fo make an adequate barrier thickness calculation and indicate how
you would perform the calculation.

(iv) Define the somatic vs genetic effects of i ionising radiations and briefly discuss the sensitivity to
lonising raciation of an embryo and fetus.

(v) Dasabemmemmnpefsomdmlbrsmdindcamhwhedosehesﬁmaedbreach.
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E.2 RADIATION SAFETY )
Briefly define or explain :
(a) sbopping power (f) exposure
(b) half-vra?ue layer (HVL) (0) absorbad doss
(c) characteristic radiation (h) dose equivalent (DE)
(d) bremsstrahlung (]) quality factor (Q)
(e) high LET rackations (k) rqlaﬁva biological effectiveness (RBE)

(i)

(iii)

(iv)
(v)

(vi)

Explain the difference in the method of measuring or designating “"radiation qQuality” in
mdobiobgyasconparadwmmdasawonofaradaﬁonwmybeam.

Discuss mecomeptoﬂhwmmmfor(LET)mdnsweasameasure of radiation quality.
How does mmmmwwmmofmdesWMMhaMumm

Outline one radiobiological model proposed fo describe the variation of relative biological
mmmmd&&mmsamdm&ﬁmmwmm.

Briefly describe the experimental evidence upon which the ICRP values of quality factor Q are

" based

Ma:ismadoseeqﬂvalem(bs)o!an&orbed&seoﬂOmGybmbeanoHOMeVneutrms?




E.3

(i)

(i)

(iii)

(iv)

(v)

60

<0

Wayne Sicte University
School of Medicine

RADIATION SAFETY

Define the exposure rate constant r, derive the relationship between r, photon energy hy (in
MeV) and the mass energy absorption coefficient (ai/5)gir fOr @ir (in m2/kg), and sketch r
hﬂ\ephobnemruyramebetwaemonvmwmv.

Many radiation survey meters are currently calibrated in terms of roentgen units. Discuss the
sultability of the exposure concept for radiation protection measurements. State the Si unit of
@xposure and yive arguments in favour of one Quantity that might be used as a replacement for
exposure.

Outline the basis of operation, the merits and the limitations of the following:

(®) the personnel dos imetry devices provided by any vendor of your choice

(b) “remmeters* for neutron dosimetry

(c) misuunembnmumm'dasaewwammrsdeﬂmdbymlcau

(d) & hypothetical device for measuring the whole-body dose equivaient rate (this may be
either a device already proposed or one of your own design).

Discuss the relationship between (a) particle fluence and (b) photon fluence and absorbed dose.
Give approximate values for the particie or photon fiuence of the following radiations
comesponding 1o a dose equivalent of 1 mSv in water

(a) cobalt-60 gamma rays,
(b) 10MeV electrons, and
(c) 10 MeV neutrons.

Sceh:htypiwdepmdosowveshwaterbrmeblowinbam:

(a) 100kVpand10Mmeys (d) 6MeVand 18 MeV electrons
b) cobalt gamma rays (e) 100 MeV protons
€) 14MeV neutrons (f) 50 MeV negative x mesons



E.b

(i)

(ii)

(iin

(iv)

(v)

(vi)
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RADIATION SAFETY

Briefly define or explain : -

a) kema t) pair production

b) standard deviation g) thermal neutron

c) ecsion of measurement ) recoil proton

d; irectly ionizing radiations L) elastic coflision

e) chemical dosimetry ) measurement of neutrons in the presence of
X rays or gamma rays

Discuss the methods, equipment and problems associated with measurements of dose equivalents
from neutrons.

Discuss the effect of background radiation on the precision of radiation measurements.

Betweenlheaoeofwwsmwnmhadhebfbwhgaminaﬁorswmbnhmwaﬁons:
- amymﬁuptakeindscan using 50 microcuries of 131 with an uptake of 25%

- four mammograms (2 projections each breast)
four long fluoroscopic examinations(PA at 150 kvVp)

Compare the
mortality risk from cancer resulting from these examinations to the risk of death from some
other accepted hazard in modem society.

In each case state clearly your assumptions with respect to the examination.
Discuss the dose equivalent kmit (DEL) as defined by ICRP and explain the relationship between
the primary DEL and other (derived) limits.

What is the dose equivalent limit (DEL) for stochastic eects arising from uniform iradiation
of the whole body ? Is the DEL modified when the whole body is irradiated non-uniformly ?
Give four examples of weighting factors.



(h

(i)

(iii)

(iv)

(a) ﬂuoroscopic/ﬂuorographic (¢) denta
(b)  radiographic (d) CT-scanner

weighting factors are: gonads - 0.25, breast - 0.15, red bone marrow - 0.12, lung - 0.12,

. thyroid - 0.03, bone surface - 0.03, remainder - 0.30. State clearty any assumptions you

havamaﬂehuﬂvimﬂyourcsﬁ'nm.

Discuss the following personne! radiation monitors:

(8)  pocket ionization chamber |

(b) fim badge

(c) TDberie
Mmmwmswsmmwmmmw.
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£.6. _ RADIATION SAFETY

)

(i)

(i

(iv)

in planning radiation facilities protection of three groups of people
has to be considered:

(a)
(b)
(¢c)

radiation workers
non-radiation workers
public at large

Specify and justify the dose equivalent Iimits for the three groups
and compare them to the dose equivaient from natural background.

Briefly define or explain:

(a)
(b)
(¢)
(d)
(e)

Give

(a)
(b)
(c)

genetically significant dose (1)
quality factor g)
collisional stopping power (h)
LET (1)

reiative biological effectiveness (k)

the dose equivalent limit for

members of the publilic

dose equivalent

exposure rate constant
body burden

dose equivaient 1imit
maximum permissible dose

occupational exposure of women of reproductive capacity
occupational exposure of pregnant women

A fetus is exposed to a dose of § cSv during the 10th week of pregnancy.
Discuss the possible effect(s) of this exposure, and estimate the risk
factors assoclated with each effect.



E.7

)

(ii)

(iii)

(iv)
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Briefly define or explain :

a) imary barrier (f) workibadW

;b) E&aoe rackation (g) occupancy factor T
g; secondary barrier { )) ?:r:hn-value layer (TVL)
@) use facory l ALARA principle

Sketch a fioor plan for a typical radiation therapy room, housing an isocentrically mounted
cobalt unit.

(a) Give and discuss typical values for W, T and U, as well as thicknesses for primary and
secondary barriers.

(b) Explain how the barrier thicknesses are caiculated in practice and where the necessary
information on transmission parameters is obtained.

(c) Explain how and why the ALARA principle was taken into account when the room was
fosined .

Briefly discuss the rationale for the dose equivalent limits given in ICRP 26.

Discusheeq;ipmmtwﬂmdxemedbrmmamdaﬁonmtecﬁmsmyofamwban
radiotherapy installation.
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(i)

(i)

(iii)

(iv)
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RADIATION SAFETY

Briefly define or explain :

(a) critical organ e)

(b) maximum permissibile dose (MPD) f) partial exposure

(c) stochastc effect (9) total body irradiation (TB!)
(d) non-stochastic effect (h) radiation worker

ICRU and ICRP

Derive an expression for the instantaneous dose rate averaged over an organ containing a
uniformly distributed radicactive source:

(a) & -emitter
(b) wv-emitter

Discuss the concept of absorbed fraction for determining the absorbed dose delivered by an
internal radicactive source.

Estimate the initial dose rate and cumulative dose to the liver delivered by a uniform
concentration of 2:104 Ba/kg of 99™Tc. Take the average energy per disintegration as 0.143
MeV, the physical and biological half-lives as 6.03 h and 20 h respectively, and the absorbed
fraction as 0.15.



E.9

()

(i)

(iii)

(iv)

(v)
(vi)

Wayne Siale University

School of Medicine

RADIOBIOLOGY
Briefly define or explain:

a) oxygen enhancement ratio (OER f) th tic ratio
M relative biological effecﬁve(ness)(RBE) gg)) b\:rfg?'%arﬁde

€) linear energy transfer (LET) } h) fractionated dose

d) surviving fraction (SF) L) nominal standard dose (NSD)
(e) hypoxic cells (k) time-dose factor (TDF)

On a semilog piot show a typical example of a cell survival curve, clearly define its

parameters and discuss is shape.

Compare and discuss typical cell survival curves for aerated cells vs hypoxic cells irradiated
with: (a) x rays, (b) 14 MeV neutrons,(c) 10 MeV protons, (d) negative pions.

Complets the following table:

electrons 6 MeV-50 MeV

fast neutrons

profons

negative pions (peak) . . . .

wemmmﬁmwmnpbtadagndoeavsLETWamaRsE\sLEt
BrieﬂydwssheWeﬁacsofbnkirQRadaﬁonswm:spedalamism:

a) factors influencing somatic radiation offects
b) genetic effects of radiations
¢€) radiation doses o produce particular effects, such as induction of cancer and cataract,
shortening of life-span, etc.
{d ) sources of information regarding raciation effects
@) effects of exposure during pregnancy



E.10 RADIOBIOLOGY

0]

(i)

(iit)

(iv)

(v)

(vi)
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Briefly discuss the rationale for using hyperthermia as an adjunct to radiation therapy in
freatment of cancer. Stamafewmmbrmespwlaﬁonmatheatmaybemdamagingb
fumor cefls than to normal tissue.

Discuss in detall at least three modalities currently used for production of hyperthermia.
SeveralpaameteshawbeenmoamdbundersameWmhmn»dﬁyradaﬁon
response. Define the thermal enhancement ratio (TER), the therapeutic gain factor (TGF) and
the thermal lerance. Discuss the optimal temperature and time of heat exposure.

Discuss at least three of the currently employed invasive thermometry methods for mapping of
the tsmperature distrbution in imadiated volume. Also discuss the temperature standards used
o calbrate the equipment.

Several techniques for non-invasive temperature mapping have been proposed. Discuss the
physical aspects of at least three of them.

Discuss the important properties of phantoms for hyperthermia studies.
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(i)

(i)

Bﬁeﬂydswshebbbg‘caleﬁecsofbnkimaadaﬁonswimaspedalemhaskm:

(a) hcbrsh&:enchgsornaﬁcandoeneﬁcradaﬁonaﬁecs
b) radation doses somatc effects on skin and in blood
€) radkation doses cancer and cataract

d) eflects of exposure 1 radiation duri pregn
(] aourcesofhformaﬂonregardng;zaﬁonom

A patient is given a chest radiograph in the PA position; ‘
(a) Estimate the minimum skin 6XpPosure roq:iradbpmd:ceahigh—q)amy radiograph

(b) Esﬁmatamscanaradmdaﬁonomsurereeaivodbyabd\nobdststand at various
points 2 m from the patient ™

(¢) nzoommsarewcenperdaywhatsmeldhghnecessarybrmmm?w. State
Clearly any assumptions you have made.

(iii)  Discuss briefly why it is difficult 1o obtain accurate information on the biological effects on

(iv)

(v)

humans of low doses (e.g., 10 mGy) of low-LET ionizing radiations, especially if the dose is
&ccumulated over a long period of $me.

OnesmdyhdcamsmahzamenmmceMdeMpb&nmswpiestanavemgedose
1o the breast of 12.1 Gy there were 23 additional cases of cancer of the breast. Estimate the risk
of developing cancer as the resut of a mammograph which gives an average dose of 2 mGy

assuming

(a) a kinear dose-response relationship

(b) alinear-quadratic dose-response relationship in which the linear and quadratic contri-
butions are equal at 1.0 Gy

Giwwoximahvabesbrwﬁdsmhgemﬁcamsigniﬁamdosehmmmmeb
the following:

(a) natural background (cosmic rays, external gamma rays and intemal radiation)
b) nuclear power reactors
g; fallout ﬁorTal bomb tests
occupational exposure
@) diagnostic radiology and nuciear medicine
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E.12 RADIOBIOLOGY

(i) List the main components of the cell structure and briefly discuss thair primary function in
the cell.

(ii)  The primary agents that produce damage in cells iraciated by x rays or ¥ rays are high energy
electrons liberated through interactions of photons with whole atoms, orbital electrons or
nuclei. Briefly discuss the three most important modes of photon interactions with matter in
the photon energy range between 10 keV and 10MeV.

(iii) mmmmmuwmmmmmmhenmdmh
(§) damage the biologically important molecules. Distinguish between direct and indirect action
and comment on their relative importance.

(iv) Whatis a cell survival curve 2 Foughrentypeofradiationismosunﬁvalwrveszarnefor
&l kinds of celts ? Give axamplesofradorasistamandradbsenstﬁvecentypes.

(v)  Briefly discuss how cell survival is determined (a) in vitro (b) in vivo.
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E.13 RADIOBIOLOGY
(i) Briefly define or explain :
a) meiosis (f) necrosis
(2)) g.;hase g ) exfoliation
d) Helaceks f mitotic index
e) growth fraction ) mitosis
(ii)  Discuss in detail the mitotic celi cycle and give three examples of cell cycle times for
mammakan cells.
(iii)  Briefly discuss at least two techniques which are used to produce synchronously dividing cell
cultures.
(iv) tXQa:sthausec*autnuiq;aphyi1lnasux~1xcsucwsa.
(v)  Discuss the variation of radiosensitivity of a cell as a function of the position in the cell cycle (a)

for photons (b) for neutrons.
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(if)

(ith)

(iv)

(v)
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RADIOBIOLOGY
Briefly define or explain :
utation
(5 Dt 5
c) RNA ) usmution
(d) LET ) ) () chromatid
(e) REE chromosome

DiswsatbastmreetypesofbsbnspmdnethNAbybnizingmdiam.

Discuss the radiation effects on chromosomes and list at least four specific examples of the
damage. mmmmmmmmwmwmm.wmm
mmum,mmwmmmmdmw.

&%ﬂy&assheﬂa@drﬁaﬂonmmﬂulawrsﬁmnsmmwwmm.

Briefly discuss three types of cell response to radiation :
(a) interphase death |

(b) division delay

(c) reproductive failure
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(i)

(i)

(i)

(iv)

(v)
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RADIOBIOLOGY
The ultimate result of the interaction of radiation with water is the formation of ion pairs
(H*, OH") and free radicals (HO, OHO).
(a) Discuss the fats of ion pairs after iradiation.
(b) Déassatbsthréemmmmeheemlsmuuem.
(¢) mmmmsm&nmmwmmuW?
Discuss the time scale for radiation effects from 10-14 g 10 104 5 following radiation energy
deposition, At what times do the following events occur:
(a) initia! DNA damage by indirect action

(b) oxygen sensitization
(c) repair (various types)

What is the "oxygen fixation hypothesis® ? Iustrate with equations, assuming that DNA is the

- most radiosensitive target in the cell. Show how sulthydryl compounds are thought to provide a

repar mechanism.
Discuss the relative importance of DNA single-strand and double strand breaks.

Discuss the concept of target theory and its radiobiological implications.
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E.16 RADIOBIOLOGY School of Medicine

(i)

(if)

(iit)

(iv)

(v)

Define the oxygen enhancement ratio (OER), discuss its dependence on dose, oxygen
concentration and type of radiation, and give examples of survival curves for aerated vs hypoxic
mammalian cells iradiated by :

(a) xrays (¢) «particles
(b) 14 MeV neutrons (d) negative pions -
Briefly discuss

(a) the importance of the oxygen effect in clinical radiotherapy
(b) the rationale for radiotherapy with heavy ions

Deﬁneanddswssmineweneruynnsfaraﬂ')mdgivetypiwmesbf

“(a) 250 kVp x rays (c) 14 MeV neutrons

(b) cobalt-60 ¥ rays (d) heavy charged partides

Discuss the conceptual difference between LET and stopping power. Define and discuss the
relative biological effectiveness (RBE) and its dependence on the type of radiation and on dose.
Also discuss the effect of fractionated dose on RBE. .

Describe and sketch the variations of (a) RBE and (b) OER with LET



Wayne Skate Universlly

School of Medicine
E.17 RADIOBIOLOGY
()] Briefly define or explain :
a) radiaton e f) electron-hole pair
gb) bwmmxposm 52)) Bragg peak -
c) on pair (h) free radical
d) hydrated electron w mean lethal dose
@) specific ionization ) oxygen eflect

(i)

(iii)

(iv)

(v)

Derive anu sketch mathematical expressions for

(a) single hit

(b) mutti-target single hit survival curves
M&hmwmmw&sshed\aesdhmwm

Onasamibgpbtsrwatypica:exmpbonmammalancelwrvhrﬂwm. label the axes and
give typical numaerical parametsrs of the survival curve.

Give at least two other mathematical descriptions of survival curves, define the parameters and
oxplainmeadvantmesovermewnfesgiv_anh(l).

Discuss the following factors affecting the response of cells to radiation and for aac'h of these
facbfsshowwmwasketd\meﬂacmeyhaveonwrvivdms:

(a) physical factors: LET and dose rate

(b) chemical factors: radiation sensitizers and radiation protectors

(c) biological factors: cell cycle and repopulation.
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)

(i

(i)

(iv)
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RADIOBIOLOGY
Iin vitro experiments with a new cultured mammalian cel! tine MGH Indicate

that aerobic cells demonstrate a typical radiation response with a Dqp
of 3.5 Gy and ne=8.

(a) on the graph paper provided (semilog 5 cycles) sketch the survival
curve for MGH celils Irradiated In air;

(b) define and explain the terms: Dy, Dg, n and D37;
(c) define the difference between Dy and D3y.

Discuss OER In general and draw the survival curve for MGH ceils Irradi-
ated In nitrogen [use same graph paper as In ()] assuming an OER of 3.2.

Discuss four methods which have been usead In radiotherapy In attempts to
overcome the hypoxic cell probiem.

Hypoxic MGH cells containing 2 mM misonidazole, an electron affinic
sensitizer, are Irradiated with a dose of 20 Gy. The surviving fraction
S iIs 5 x 10-3. what is the enhancement ratio for 2 mM misonidazole?

Suppose that a tumor composed of 108 MGH cells had a 15X hypoxlic
fraction. Sketch roughly an In vivo survival curve for this tumor cell
population.
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E.19 RADIOBIOLOGY

()

(i)

(i)

(iv)

Briefly define or explain the foflowing concepts of tumor radiobiology:

a) hypoxic celts {f) multiple daily fraction

b) labeling index g) radiation sensitizer

€) dosa modifying factor ) radiation protector

d) spherid model L accelerated fractionation
8) hyperfractionation )

Sketch a model of tumor cords showing capiliaries and areas of hypoxia and necrosis. What is
the concentration of oxygen below which cells are generally considered 1 be radiobiologically
hypoxic ? Wha:hmediﬂusbndsancaoloxyoenhﬁswo? ‘
Discuss the "4 R's” in radiobiology, and explain when they are important.
Wpememiakm&nesmberadasaqunabradowwy:

(2) descrbe the phenomenon of in vitro cell killing by hyperthermia, give values of typical
femperatures and exposure times, and sketch survival curves;

(b) name at least three methods for administering hyperthermia In vivo;

(c) name at least three methods of invasive temperature measurements during In vivo
hyperthermia;

(d) name at least two non-invasive temperature measurement methods investigated for use in
clinical hyperthermia.
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(iv)

(v)

(vi)
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Wayne Siale University

School of Mecicine
RADIOBIOLOGY
Briefly define or explain:
(2) clonogenic cell (f) dose per fraction
(b) sigmoid shape curve (g) Isoeffect curve
(¢) split-course radiotherapy (h) Isodose curve
(d) hypofractionation (1) nominal standard dose (NSD)
(¢) fractionation scheme (J) therapeutic ratio

Plot a typlical! dose response curve and expialn what experimental data
you need to obtain the curve for a typical example.

Discuss and define the therapeutic ratio as used iIn radiotherapy.
Elaborate on at least four techniques which are currently used or
studied to Improve the therapeutic ratio.

Discuss the implications of the Isoresponse (or Isoeffect) concept on
the daily practice of radiotherapy.

Discuss the Ellls’ NSD equation, Its usefulness and (imitations iIn
practical radiotherapy, and explain the reasons for the Introduction
of time-dose and fractionation factors (TDFs).

Survival of patients is the parameter of interest In studies of
effectiveness of a particular radlotherapy treatment method. Discuss
the Information needed for these studies and expiain the following
survival curves:

(a) crude
(b) actuarial
(¢) Kaplan-Msier
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£.21_ RADIOBIOLOGY

) Cataracts may be classified as delayed somatic effects of radiation.

(a) describe how cataracts deveiop In the lens of the eye as a result
of exposure to lonizing radiation;

(b) describe the time/dose relationship for cataract production by x
or yrays;

(c) discuss the threshold for cataract formation and the effect of
total doss on the latent period for cataract Induction.

(d) compare the Incidence of cataract following neutron Irradiation
with that seen foliowing x or v irradlation.

(i1) Briefly discuss at least six malignancies which may be induced by
radiation In humans. Also name at least six sources of data on the
incidence of radiation Induced malignancies In humans.

(111) Discuss the genetic effects of radiation In humans and explain the use of
the concept of the doubling dose as the unit of measurement of the
radiation effect. Also Iist the sources of genetically significant

- radiation and the average dose equivalent they contribute to the
general population.

(lv) Briefiy describe the effect of radiation on the embryo and the fetus.

(v) Discuss the acute effects of whole-body Irradiation and give the
radiation dose that would produce such effects.
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ULTRASOUND

Ultrasound echoes are picked up by the transducer and converted Into weak
voitages. These received echo voitage signais then proceed through
var lous portions of the signal processing chain In the equipment.

Draw a block diagram of the equipment circuitry and label all components.

What is the first clircult component the echo voltages pass through? Wwhat
is its function (why Is it needed)?

What Is the second clrcult component the echo voltages pass though? How
many different operations are performed on the echo voltage waveforms in
this component? List them and draw representative echo voitage waveforms
before and after each operation. Can the order (sequence) of the
operations be changed? Defend your answer.

What is the next circult component the echo voltages pass Into? How are
the echo amp!itudes stored In this component? What process must be
performed on the echo volitages before they can be stored? Wwhat is meant
by echo amplitude resoiution? How Is good echo amplitude resoiution
obtained during the process of storing the echo amp!itudes?

What Is the next circult component the echo signals pass Into? How are
the echoes handied In this component? Discuss all of the presently
utiillzed methods for handiing the echo signals In this component.

In the final ultrasound clinlcal image what are the echo features that are
used In the diagnosis of disease states in the body? Give a clinical
example for each feature discussed.
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ULTRASOUND
You are designing a single element mechanical sector scanner transducer.
The design parameters are 5 MHz and a focal length of 15 cm.
What diameter piezoelectric crystal would you select and for what reason?
What would be the length of the focal zone for this transducer?

What wou!d be the beamwidth at focus (at the focal iength) for this
transducer?

Is this a practical transducer design for clinical scanning? Use two
separate criteria in evaiuating the clinica!l utility of this transducer.

Redesign the transducer (change Its design parameters) to obtaln a
more clinically useful mechanical sector probe.

Which parameter(s) would you change and what would be their new value(s)?
What is the iength of the focal zone for the new transducer?
What Is the new beamwidth at focus for the new transducer?

How would you construct the transducer to assure good spatial resolution
in the mechanical! sector scanner images?



Woyne Stale University
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F.3 . ULTRASOUND

AR

Tunen

A very thin transducer is backed with a material 1 em thick. This
assembly is then placed on a patient 10 cm away from a fat-|ike tumour.
When the transducer Is excited, a primary ultrasonic wave of amplitude
1.0 enters the tissue. At the same time, a secondary puise of
amp!itude 1.0 enters the "backing," travels In the *backing,” Is
refiected by the "air-backing" Interface, and propagates into the
tissue. Calculate: .

(11) the amplitude of the primary pulse at the tumor

(1) the amplitude of the secondary puise at the alr interface

(I11) the amplitude of the secondary puise at the tumour

(iv) the relative magnitudes of the two puises at the transducer after
refiection at the tumour

(v) What are the relative phases of these two pulses?

(vi) What Is the difference In time of arrival of the puises at the
transducer?

(vil) What will be the appearance of the tumour in the image?

(viii) What would you change to make the system better?

ULTRASONIC PROPERTIES OF VARIOUS MATERIALS

MATERAL I(kg/m2-g) a(dB8/cm) C(n/s)
tissue 1.63 x 105 1. 1540
tumour 1.38 x 108 0.63 1450
backing 34.0 x 108 10. 2000

alr .004 x 106 12. 331
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F.4 ULTRASOUND

(i) NmaxaraA.B.c.medanmomdm?

(il) Namearmrsassmemmmmwm-wmmm.
(ili)  What three important factors affect the resolution of an ultrasound scanner ?
(iv)  Sketch, label and discuss briefly the structure of an ultrasound transducer.
(v)  What s meant by spatial peak temporal average (SPTA) ultrasound intensity ?
(vi)  Whatis the SPTA intensity of a typical uttrasound scanner ?

(vii) Would a Doppler scanner tend 1o have higher or lower beam intensities than a conventional
scanner and why ?

(viii) Inan ultrasound image, what are the characteristics of:

(a) acyst?
(b) a galistone?
(c) a malignant lesion ?
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MAGNETIC RESONANCE

BrieﬂydxsassordeﬁnembbwhghrmsasmeypeminbNMRimginq:

a) Lamor equation (9) gle"

b) gyrornagnauc ratio (h) ical shift

{C) Curie's Law L continuous wave

d) (1/2)mr rf pulse ) fast Fourier transform
(e) ‘spin-lattice relaxation time (T) 1) free induction

(f) spin-spin relaxation time (T.) . (m) rotating reference frame

What is the range of magnetic field strengths currently used in proton imaging systems ? What
is the coresponding range of Larmor frequencies ? Sketch and labe! the approximate relation-
ship between T, and frequency and T, and frequency for this range. What is the relationship
between signal-to-noise ratio and frequency for an NMR experiment and for an NMR
imager ?

Compare and contrast resistive and cryogenic magnets currently available for clinical NMR
imaging. Include such factors as capital cost, stability, reliability, site requirements and
operating costs.

What are the accepted limits on the RFpowaraﬁmgneﬁcﬁebstrenghmdra!eofcﬁangehm
MR imager, and on what physiological grounds are they set. What other "enviromental” hazards
nustbecorsideredwhenplmningandoperaﬁmanmhmer.
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(ih)

(iii)

MAGNETIC RESONANCE

Describe with aid of diagrams the two-dimensional Fourier transform approach to NMR
imaging. Produce and describe a timing diagram showing the rf and magnetic gradient signals
required o produce a single two-dimensional image.

Describe, with the aid of sketches, the RF pulse and gradients, using ACR nomenciature, of the
folowing imaging techniques:

(a) saturation recovery (partial saturation)

(b) inversion recovery

(c) spinecho

Which techniques(s) from (ii) would you use to produce images with good contrast between
$ssues of:

“(a) different T, ?

(b) differentT,?
(c) different proton density ?
For each example explain why the desired tissue contrast occurs.
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MAGNETIC RESONANCE

Nuciei other than profons are routinely used in NMR experiments and have been considered for
in vivo measurements. Why do some nudiei have magnetic moments while others do not ?

Make a list of at least five nuclel which could be useful In vivo. Expand your list 1 a table by
including columns giving sensitivity at constant magnetic field, typical tissue concentrations,
and combine these two columns to estimate detection sensitivity compared to protons (=1.0).
Speculate on the possbity of NMR imaging of these nuclei.

Sketch and label a typical P-31 NMR spectrum in muscle. ¥ this type of spectroscopy is 10 be
performed in an “imaging” magnet, what field strength, homogeniety, and temporal stability are
required.

Signal intensity in proton imaging can be influenced by factors other than proton density, T, and
T Describe how the following might produce dlinically usable contrast in image:

(a) flow

(b) contrast agents (e.g., T, modifiers)
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MAGNETIC RESONANCE

Contrast In MR Imaging is based on relaxation time differences between
protons in different tigsues. In general, for a given Imaging sequence,
adjustment of the TE, the echo time, and TR, the sequence repstition
time, determines the type of contrast (T1, T2, spin density) observed.
Describe the kind of contrast observed in the following general cases:
(a) long TE, long TR, (b) short TE, long TR, (c) short TE, short TR.
Justify your answers in terms of the relaxation times of the protons.

Describe the five nuclear magnetic resonance relaxation mechanisms. What
Is the fundamental! property of all the mechanisms which drive the
magnetization back to therma!l equilibrium? Which mechanism Is most
Important for protons (I=1/2) and why? Which mechanism Is most likely
most important for sodium (I=3/2) and why?

(a) What is the equation of motion for the magnetization of an isolated
non-interacting ensembie of spins In an appiled magnetic fleld, B? (b)
Allowing spins to Interact add additional terms to the equation of motion
of the free spins to account for relaxation. (c) In NMR spectroscopy the
equation developed In part (b) ieads to what kind of behavior of the
magnetization in the time and frequency domaln? Give quantitative
answers with regard to the terms which appear In the equation of motion.
Consider the behavior of all of the components of the magnetization.
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Diagnostic Physics Examination Part II
1938

(Choose three from the first four questions)

1. You are asked to provide performance specifications for a
new film/screen mammography unit to be used for both mag-
nification and screening:

A,

State the performance specifications for the power
rating of the generator, kV range and increment,
tube current range, focal spot sizes, source to film
distance, grid ratio, and film sizes.

A pinhole camera image for a 0.1 mm focal spot
appears as shown below:

c
! l
{-— B —-| !
I
I
l
. S
The image was obtained at the chest wall edge of the
x-ray field from a pinhole camera with a 0.03 mm
aperture. The real distance between the holes
{measured in the object plane) is 1.25 c¢m. Which

dimension (A or B) is parallel to the cathode-anode
axis of the x-ray tube? Give a mathematical formula
for calculating the true focal spot size in each
dimension.

What three methods can be used for measurement of
focal spots? Explain the advantages and disadvan-
tages of each.

Is the focal spot size shown in part C above exces-

sive? If so, what steps do you take to correct the
problem?



A mx n digital image is represented by the function
I(m,n). Let I(m,n) he the final output image on the
display device.

A,

Draw a graph that demonstraltes the process of
windowing and leveling.

Give a mathematical equation for the process of win-
dowing a leveling relating the input image to the
displayed gray level image.

Draw a 3 x 3 filtering kernal and give the numeric
values that will result in a point smoothing opera-
tion. How do you avoid overfiow of the resulting
image? Show the kernal for a gradient (edge detec-
tion) operation that is independent of direction.
Show the kernal for a gradient enhancement operation.

Write down the mathematical equation that represents
convolution of a filter function (kernal) with the
original input image.

Pulse sequences for MRI images. 2727

A.

B.

What is low contrast resolution?

How do you measure low contrast resolution in a
fluoroscopic imaging chain? What are some typical
values for low contrast resolution measured in this
way?

Describe the components of a fluoroscopic iImaging
chain. Which ones affect low contrast resolution?

How do the components listed in part C affect low
contrast resolution?

Describe how you would measure the low contrast
resolution of each of the components listed above.
Which would you check first?



Diagnostic Protection {(Choose one question)

1. A. What dose do you report to satisfy JCAH guidelines
for the following types of units: a CT scanner, a
mammographic unit, a dedicated chest unit, and a
fluoroscopic unit.

B. Explain how you would measure each of the above.

C. What type of instrumentation would you use to make
these measurements?

2. During an emerdgency, a nurgse helds a child while an
abdominal x-ray is taken. No apron is worn by the
nurse. A few weeks later, the nurse discovers that
she was two weeks pregnant at -the time of the ex-
posure.

A. What are the approximate technique factors used for
pediatric abdominal x-ray.

B. Calculate the fetal dose given a lechnique factor of
70 kVp, and 25 mAs (seemed like a glveaway for part A
to me)

C. What actions would you recommend to the nurse? What
do you tell her about the likelihood of deleterious
affects on the fetus?

D. How would your recommendations change if the nurse
were 1) 6 weeks pregnant at the time of the exposure
and 2) 10 weeks pregnant?



Questicrms for ABR Written

Examination of Octaober 1988:

o
Part Iz

A lot of questions on statistics, e.g. Chi square, t—-test.

M.R.I. — expected gyromagretic ratics for typical elements.

Nuclear Medicine - counting, scintillation.

Givern the meltirng point of
inn Fahrernheit.

W in celsius, what is temperature

Electronics — identify op amp circuitry, etc.

Define G value relative to

‘DeBroglie wave equatiarg
ple.

length, mass and time.

define arnd use Heisenberg princi-

Lots of physiclogy guesticons?! tidal volume, residual volume,

etc.

What are-BEIR I1I values for.air—-plane travels; backgraund:

for New Yerk and Denver, eto.o; risks of leukemia, etc.

Expected gravity for New York, NMorth Pole, eteo.

Calculate the lirnear atternuation coefficienmt for 2 compound
mixtures. Giver mass atternuvation cocefficient of A (25%) is
0.2 cmelgm arnd B (75%) 0.3 cm™/gm. Density of mixture is

1.5 gm/cm=.

Calculate the wavelength

of Comptonn scatter photon with

initial ernergy 65 KeV scattered through 90 in Angstrom

units.

Total of 425 questions in 4 hours.
About 185 questions are multiple choice, 125 are "pseudo" mateh-

ing arnd 125 true/false.

It tock me about 2.285 hours to
"pseuda” matches and 45 minutes
did wot have encugh time after
caught up by the time I hit the
fast.

However, Part 11 was a diferent

do the first 125, 1 houwr for the
for the true/false. I thought I
doing the first 125, However, I
true/false because they went very

story.



Part II (Therapy):

1.9

-
A.) Discuss what 1is a uniform tumor dose distribution for a

pelvis case. Give typical values.

E.) Draw the isocdose curves for a 3—Ffield, 4 field and arc
rotation for a pelvis case. Use isocentric techrnigue.

C.) Draw the expected dose distribution for a 3~field
central brain tumaor. What is the expected weighting using
600 given the following:

Field Size Depth
Coromnal & x 6 11 cm
Right 6 X 6 & cm
Left 6 x 6 6 cm

60Ce Table piven.

2.) A.) Given ©9Co TAR table:

24
20
=Y &
10 10
Calculate the time for the above field size at dyq- Given
the "output factor in air" for 20 x 24 is 1.04. Tray factor
is 0.97. Shutter correction is 0.02 minutes tao be added

after the calculated time. Dose rate is 1539.3 cBy/min. for
a 10 x 10 cm<.

B.) What is the percentage difference irn time for the
blocked field and the opern field. -



2

CAX
18 +

A.) 4500 cGy is givern at midplarne to Jhe above field, piven. .
the followirng (using E0Ca) 1

85D Separation
CAX &8 12
Supraclavicular 73 7
Infericr border 68 iz

“What is the expected dose to the supraclavicular at ds.

3
Assume OCR = 1.

B.) The patient was found to have a recurrence, and another
1500 cGy is plarmed to be delivered at dg single field. Haow

would you advise the radictherapist to treat. Would you use
BOCO, 10 MV photon or electrons?  Why?

C.) The patient was found to have metastases to the spinal
cord below the lower border of the field. How would you
advise the therapist to treat this field?

Discuss treatment of a total bady irradiation. What are the
precautions, etc. .

137cs tubes giver with length and activity. Calculate dose
to the therapist firngers and thumb during an implant.What
are the precuations to be taken, etc.



&.) A.) Calculate the scatter to the rorth wall. Givern a table
of scatter factors ang TVL in cm concrete for 20 MV linear
accelerator.

Contraol

A
N
FA)

3 |
|

v

B.) Define workload and use factors. What are typical

values.

C.» Discuss wneutron camsiderations for the above as com—
pared to low energy. What material is used for the doowv,
etc.

There was ﬁot encugh time for me to finish Part 11, particularly
the protection questian. I should have done that first because I
understand that you have to pass the protection guestion to pass
Part II.

Poastscript: Locks like my fear was unfcunded because I passed
all parts! -



12/19/89

Peter Rosemark, Ph.D. :
Cedars-Sinai Medical Center
Radiation Therapy Department
8700 Beverly Blvd.

Los Angeles, California 90048

Dear Dr. Rosemark: 3 : ?: .

I am enclosing $ 25.00, payable to the Ssessiewese Chapter of
the American Association of Physicists in Medicine for the
American Board of Radiology Certification Study Guide for
Radiological Physics. Below I am enclosing the notes of
what I remember from the Diagnostic Radiological Physics and
Medical Nuclear Physics Sections: .

Diagnostic Radiological Physics:

1) Know BRH guidelines regarding amount of filtration
required and dose allowances under the support plate for
mammography.

2) Know the meaning of the Wiener Spectrum and how to
interpret and use the spectrum.

3) Know how to use decision criteria curves to find false
vositive/true positive ratios.

4) Know how to calculate the focal length of a cine lens.
5) Knbw all framing modes and names.

6) Describe the difference between third and fourth
generation CT Scanner Configurations.

7) Calculate a barrier problem using Kyy.

8) Calculate the penetration and reflection of a 5 MHZz
ultrasound beam in a kidney. Know penetration and
reflection formulas.

9) Know Rose's signal/noise criterion for determining a
structure. - '



10) Calculate number of llght photons emitted from a 50 kvp
X-ray. Information not given is the wavelength of light
emitted from an ortho screen.

1l) For the B scan ultrasound mode, what affects the
aliasing of images.

12) Know the f-factor in bone, tissue and fat for 60-120
kev. :

13) Calculate the bucky factor, grid factor and
transmission factor and the relationship between them.

14) Know thsa wavel

EAR LS A s W Y o~

screens.

|.J.

- . . et s
ength of ght for variocus intensifying

15) Calculate the average gradient and gamma for a film-
screen combination.

Medical Nuclear Physics:

1) Review Tracer Kinetic Modeling

2) Review RIA |

3) Review Shilling test, and Cr-52 labeling.

4) Calculate gamma for a 150 kev photon, .33
emissions/dis.

5) Know regulations regarding % accuracy of dose
calibrator, % Moly allowed in Tech, and % Al allowed in
Tech.

6) Know the modes of isobaric transmutations.

7) Review and perform internal dose calcuations; review
definitions, esp. absorbed dose fraction and specific
absorbed dose fraction.

8) Know the features of a Cs-137 curve in a well counter.
9) . Know the relationship between fwhm and an MTF curve.
10) Wwhat is the real part of 1,0,0,0 Fourier function.
11) What affects the noise found in SPECT.

12) What is the Kell Factor.



13) Know NRC regulations regarding quarterly rad safety
meetings, dilutions for dose calibrator accuracy, daily wipe
tests, etc.

14) Know about heart gating for SPECT.

15) Calculate blood flow using labeled red cells.

16) During end diastole, are the ventricles filled.

17) Review PET, know the sources of noise in PET and how to
address thenmn.

I realize these notes are somewhat haphazard. I remember
only a few specific guestions, so I hope these are of some
help.

Sincerely vours, 7
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AMERICAN BOARD OF MEDICAL PHYSICS
Part I: Study Guide
FOREWORD

Part I of the ABMP examination is intended to test
general knowledge of the basic principles of medical physics.
These are the principles with which all medical physicists
should be familiar, regardless of their specialization.
Questions will be restricted to basic principles only, not the
finer details. Detailed questions will be in the appropriate
Part II examinations.

The number of questions in the examination will be
apportioned according to the following schedule:

,> Basic radiologicial physics: 20%
2) Radiation‘detection and measurement: 12%
3) Biology and radiobiology: 10%
‘9 Radiation protection: 11%
5) Statistics: 5%
€> Imaging and other diagnostic studies: 14%
9) Principles of therapy: 9%
S)IMedical electronics: 6%
ﬁ Medical applications of lasers: ' 3%

(a§ Anatomy, physiology and medical science: 7%

N

}0 Computers: 3

For Part I, four question formats will be used: A, B;
K, and S. An example of each of these is given in the
Appendix.

This Study Guide was prepared by members of the Part I
Examination Panel: - Colin Orton, Chairperson, Harry Astarita,
Susan Barish, Gerry Shapiro, Sal Vacirca, and Shirley Vickers.



APPENDIX
SAMPLE QUESTIONS OF TYPES A, B, K, AND S

TYPE A

The average annual collective dose equivalent in mSv from

natural sources (excluding radon) to the population in the
USA is about:

A. 0.1
B. 0.5
*C. 1.0
D. 2.0
E. 3.0
TYPE B

Match the property (1-4) with the appropriate particle (A-E)

A, Proton
B. Neutron
C. Electron

D. ©Neutrino
E. Pion
1. Has the greatest mass (B)
2. Has rest mass of 140 MeV (E)
3. Has no charge and rest mass of 939 MeV (B)
4. Electron capture reduces the number of these in the
nucleus (A)
TYPE K

Within hours of receiving a nearly lethal whole body dose of
radiation an individual is likely to experience acute
radiation syndrome symptoms which include:

1. nausea and diarrhea

2. convulsive seizures
3. severe fatigue
4. loss of hair

A. (1,2,3 only)

*B. (1,3 only)

C. (2,4 only)

D. (4 only)

E. (All are correct)




TYPE S

A variable X is determined by making a series of measurements of
two independent variables Y and Z with variances 10 and 5 and
mean values 100 and 50 respectively.

1. If X =Y + Z, then the variance of X is:

A. 5
B. 7.5
*C. 15
D. 75
E. 125

2. If X =Y - Z, then the variance of X is:

A. 5
B. 7.5
*C. 15
b. 75
E. 125
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STUDY GUIDE

ABMP PART I

RADIOLOGICAL

PHYSICS

UNITS:

ATOMIC AND NUCLEAR STRUCTURE:

Bohr model

shell structure

periodic table

electron binding energy
jonization and excitation

ELECTROMAGNETIC RADIATION:

frequency

energy

wavelength

properties of ionizing
radiation

ULTRASOUND:
RADIOACTIVITY:

decay constant

half life

mathematics of decay

equilibrium

exposure rate constant

dose rate near a
point source

PRODUCTION OF X RAYS:

pasic X-ray circuit

anode

cathode

rectification

transformers

Characteristic and
Bremsstrahlung X rays

speed in different media;

fundamental units
derived units
electrical units
radiation units

elementary particles
nuclear structure
nuclear binding energy
‘mass energy equivalence

properties of non-ionizing
radiation

lasers

microwaves

infrared

properties

modes of decay:
alpha
peta plus and beta minus
EC
internal conversion
isometric transition
nuclear reactions
isotope production
fission

spectra
factors af
filtration
quality
HVL
angular distribution
versus energy

fecting spectra

INTERACTION OF PHOTONS WITH MATTER:

attenuation

absorption

scatter

attenuation coefficients
photoelectric absorption
coherent scatter

Compton scatter

pair production

photonuclear

relative importance of different
interactions at different

energies and in different media



INTERACTION OF CHARGED PARTICLES WITH MATTER: 5
collisional stopping power
radiative LET
range Bragg peak
NEUTRON INTERACTIONS: “elastic and inelastic
REFERENCES

Johns, H.E. and Cunningham, J.R. "The Physics of Radiology,'" 4th
Ed., Thomas, Springfield 1983.

Khan, F.M. "The Physics of Radiation Therapy," Williams and
Wilkins, Baltimore, 1984.

Hendee, W. R. "Medical Radiation Physics," 2nd Ed., Yearbook Med.
Publ., Chicago, 1979.

Cameron, J.R. and Skofronik, J.G. '"Medical Physics," Wiley, New
York, 1978.




RADTATION DETECTION AND MEASUREMENT

DOSIMETRY FUNDAMENTALS:

IONIZATION CHAMBERS:

general principles
and construction
charge and current
measurements
IONIZATION INSTRUMENTATION:
personnel dosimeters

survey meters
thimble chambers

DOSE MEASUREMENTS:

DOSIMETERS:
photographic
TLD
semiconductors

DETECTORS:

INTERNAL DOSIMETRY:

exXxposure

“absorbed dose

Kerma, detection
(photons, neutrons)

ion collection efficiency
recombination
saturation

monitor chambers
pancake chambers

general Bragg—-Gray theory
principles
stopping power ratio principles

basic principles of chemical and
calorimetric dosimeters

GM
proportional
scintillation
PM tubes

gamma and beta radiations
effective half life

mean life

beta rays

REFERENCES

Johns and Cunningham. "The Physics of Radiology™

Hendee. "Medical Radiation Physics"

Cameron and Skofronik. "Medical Physics™"

Attix, F.H. "Introduction to Radiological Physics and Radiation
Dosimetry," Wiley, New York, 1986.



BIOLOGY AND RADIOBIOLOGY <:ﬁf/// 7

THE CELL: basic structure

CELL CYCLE: phases; cell cycle time
CHROMOSOMES : DNA; chromosomé‘aberrations; mitosis
BASIC GENETICS: genes; genetic mutations
RADIATION CHEMISTRY: direct/indirect actions; free radicals; ions
CELL SURVIVAL CURVES: basic target and L-Q theories
DbSE RESPONSE: statistical nature of dose-response curves
ACUTE RADIATION SYNDROME:
hematopoietic LD

gastrointestinal latent period
CNS syndrome

RADIATION CATARACTOGENESIS: ocular lens dose response
: cataracts threshold
RADIATION EMBRYOLOGY: human and animal data

effect of age
occupational exposures
patients

RISK VERSUS BENEFIT: sources of human exposures
typical doses
relative risks

REFERENCES

Hall, E.J. "Radiobiology for the Radiologist," 3rd Ed.,
Lippincott, Philadelphia, 1988.

Johns and Cunningham. "The Physics of Radiology™"

Webster, E.W. In: "Biological Risks of Medical Irradiations,”
(Ed. Fullerton et. al.), AAPM Monograph No. 5 AIP pp 55-57,
1980.

Gregg, E.C. 1Ibid. pp 160-176.
Bushong, S.C. and Archer, B.R. Ibid., pp 253-266.

Webster, E.W. et. al. "A Primer on Low~-Level Ionizing Radiation
and its Biological Effects," AAPM Report No. 18. AIP, 1986.



Q}ﬁH(J SOURCES OF HUMAN EXPOSURE:

RADIATION PROTECTION

UNITS: dose equivalent;
DOSE EQUIVALENT LIMITS:
radiation protection
guides
occupational and non-

occupational exposures

RADIOACTIVE SOURCES:

SURVEYS:

PERSONNEL MONITORING:

EXTERNAL RADIATION PROTECTION:

YU time

distance
shielding

INTERNAI, RADIATION PROTECTION:
internal radiation

hazards
principles of control

Sievert;

Quality factor

natural, medical and other sources

-maximum permissable dose (MPD)

philosophy of radiation

protection (ALARA)

stochastic and non-stochastic
considerations

radionuclides
storage
transportation
wipe testing

basic methodology and instrumentation

films

TLD

pocket dosimeters
filters

basic protection design
wWUT

contamination
waste management
assessment of hazards

HAZARDS OF NON-IONIZING RADIATION:

lasers
microwaves
ultrasound

MR
power and energy
bioclogical effects

REFERENCES

Cember, H.

Pergamon, New York, 1983.
Turner, J.E.

Pergamon, New York, 1986.

Khan,

Bushong, S.C.
Mosby, St. Louis, 1984.

Johns and Cunningham,

"Radiologic ‘Science for Technologists,"

"Introduction to Health Physics," 2nd Ed.,

"Atoms, Radiation and Radiation Protection,"

"The Physics of Radiation Therapy"

3rd Ed.,

"The Physics of Radiology"

NCRP Report No. 91 and No. 93, NCRP, Bethesda, 1987.



STATISTICS » 9

SAMPLES, OBSERVATIONS: sample surveys; random sampling

FREQUENCY DISTRIBUTIONS: histograms
cumulative frequency
~“distributions
probability distributions

MEANS AND STANDARD DEVIATIONS:

arithmetic and degrees of freedom
population means mean values

standard deviations median values

variance modal values

coefficient of variation
NORMAL (OR GAUSSIAN) DISTRIBUTIONS:
standard errors; confidence limits; sample sizes

TESTS OF HYPOTHESES: statistical significance
confidence intervals
chi-square test

BINOMIAL AND POISSON DISTRIBUTIONS:

relationship to normal distributions; propagation of errors;
applications

REGRESSION: linear regression; least squares estimates:;
correlation coefficient

REFERENCES

Snedecor, G.W. and Cochran, W.G. "Statistical Methods," 7th Ed.,
Iowa State Univ., Ames, Iowa, 1980.

Millner, M., Waggener, R.G., and Pillai, B.K. U"Statistical and
Error Analysis in Medical Physics," Handbook of Medical
Physics (Eds. Waggener, Kerieakes, and Shalek), CRC Press,
Boca Raton, Vol. 1:69-92, 1982.

Glantz, S.A. '"Primer of Biostatistics," McGraw-Hill, New York,
2nd Ed., 1987.

Evans, R.D. "The Atomic Nucleus," Reprint Edition, Krieger,
Malabar, Florida, pp 746-818, 1985.

Mould, R.F. "Cancer Statistics," Hilger, Bristol, 1983.

Mould, R.F. "Introductory Medical Statistics," 2nd. Ed., Hilger,
ATP, New York, 1989.




10 . IMAGING AND OTHER DIAGNOSTIC STUDIES

THE PHOTOGRAPHIC PROCESS: latent image production
photographic emulsions and films
film processing and chemistry

electrostatic imaging -- Xerography
SENSITOMETRY:
Characteristic curves:
density reciprocity failure
contrast fog
latitude reversal
gamma solarization
enerqgy dependence effect of processing conditions

speed

Resolution and Contrast:
modulation transfer function
line spread function
line pairs
film contrast
basic principles of MTF and LSF

Screens:
phosphors resolution
modification of mottle )
H&D curves - effect on image quality and dose
Noise:

signal/noise ratio
mottle-structured and statistical
scatter

grids

FLUOROSCOPY:

.Basic principles of digital systems

Basic principles of luminescence

Image Intensification:
design flux gain and minification
brightness dose

RADIOGRAPHY: General imaging and equipment considerations
Basic principles of:
angiography
cT
tomography
mammography

IMAGE FORMATION: Subject contrast as related to density,
atomic number, and energy spectrum

PHYSICS OF NUCLEAR MEDICINE:

Basic concepts:

applications instrumentation and radionuclides
uptake emission tomography
scanning basic performance checks

cameras hazards

/4113{5 e
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pHYSICS OF MAGNETIC RESONANCE IMAGING (AND SPECTROSCOPY) 11

Basic concepts:

NMR instrumentation
relaxation times applications
chemical shifts hazards

PHYSICS OF CLINICAL ULTRASOUND:

Basic principles: generation and detection
propagation interactions in tissue
modes of operation Doppler techniques
hazards
REFERENCES
Coulam, C.M., Erickson, J.J., Rollo, F.D., and James, A.E. "The

Physical Basis of Medical Imaging," Appleton-Century-Crofts,
New York, 1%981.

Haus, A.G. "The Physics of Medical Imaging," AIP, New York, 1979.
curry, T.S., Dowdey, J.E., and Murray, R.C. "Christensen’s

Introduction to the Physics of Diagnostic Radiology," 3rd Ed.,
Lea and Febiger, Philadelphia, 1984.

Johns and Cunningham. "The Physics of Radiology"

Sprawls, P. "Physical Principles of Medical Imaging," Aspen,
1987.

Waggener, R.G., Kereiakes, J.G., and Shalek, R.J. "Handbook of

Medical Physics, Vol. II," CRC Press, Boca Raton, 1984.




j .I
12 (/ PRINCIPLES OF THERAPY

PHOTONS:
phantoms depth dose distribution
percent depth dose parameters affecting depth dose
scatter “isodose curves
PARTICLES:
Electrons: depth dose and isodose distributions
Heavy particles: neutrons
protons stripped nuclei
pions Bragg peaks
BRACHYTHERAPY:
activity
radioactive sources exposure rate constant
sealed sources ‘ dose calculation principles

HYPERTHERMIA: basic principles of application and monitoring

REFERENCES
Johns and Cunningham. "The Physics of Radiology"
Khan. "The Physics of Radiation Therapy"
Kerieakes, J.F., Elson, H.R., and Born, C.G. "Radiation Oncology
~ Physics -- 1986," AAPM Monograph No. 15, AIP, New York, 1987.




MEDICAIL ELECTRONICS ‘ 13 <\“////

BASIC PRINCIPLES OF DC CIRCUITS:

potential difference batteries

current povwer

Ohm’s law -series and parallel networks
resistance Kirchoff’s Laws

resistors voltage dividers

BASIC PRINCIPLES OF AC CIRCUITS:

sinusoidal waveforms inductive reactance
capacitors RL circuits
capacitance transformers

RC circuits impedance matching
capacitative reactance resonant circuits
rise and fall times complex waveforms
inductors and inductance Fourier analysis

. MEASURING INSTRUMENTS:

moving-coil meters Wheatstone bridge

moving-iron meters AC bridges

dynamometers potentiometers

AC and DC measurements capacitance and inductance meters
RMS values , digital voltmeters and multimeters
practical application electrometers

analog multimeters

OSCILLOSCOPES: ‘ basic principles and components
triggering
dual-beam and dual trace scopes
storage and sampling scopes

DIODES:
p~n junction vacuum and semiconductor diodes
zener diodes half-wave and full-wave
voltage doubler rectification
RC filters
TRANSISTORS: bipolar junction transistor
field-effect transistor '
applications
AMPLIFIER CIRCUITS: basic principles and properties
types and applications
OP-AMPS: properties
input and output impedence
gain

applications




14

DIGITAL BASICS:

basic principles Boolean algebra

logic gates flip-flops

gate construction numbering systems

positive/negative logic "digital displays
DIGITAL CIRCUITRY: counters and registers

D/A and A/D conversion
voltage-to~frequency conversion

NOISE: origins
reduction techniques

GROUNDING AND SHIELDING:

principles and methods: grounding and shielding
coax cables RF shielding
isolation guard shields
REFERENCES
Diefenderfer, A.J. "Principles of Electronic Instrumentation,"

2nd Ed., Saunders, New York, 1979.

Malmstadt, H.V., Enke, C.G., and Crouch, S.R. "Electronics and
Instrumentation for Scientists," Benjamin/Cummings, Menlo
Park, CA, 1981.
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MEDICAL APPLICATIONS OF LASERS 15

BASIC THEORY: metastable atomic states; stimulation

TYPES:
Nd-YAG “"He-Ne (alignment devices)
argon ruby
krypton co,
USES:
retinal detachment surgery
endobronchial dermatology
photocoagulation laser angioplasty
SAFETY: types of injuries
standards
protection
REFERENCES
McKenzie, A.L. and Carruth, J.A.sS. "Lasers in Surgery and

Medicine," Phys. Med. Biol. 29:614-619, 1984.

Polanyi, T.G. "Physics of the Surgical Laser," Int. Adv. in Surg.
Oncol. 1:205-215, 1978.

Carruth, J.A.S. and McKenzie i
1, .S. : + A.L. "Medical Lasers: Sci
Clinical Practice,™® Hilger, AIP, New York, 1986 rence and

Moseley, H. '"Non-Ionizing Radiation." Medical Physics Hand-

books 18, Hilger, AIP, New York, pp. 226-270, 1988.
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.16 ANATOMY, PHYSIOLOGY, AND MEDICAL SCIENCE

ORGANIZATION OF THE HUMAN BODY:

anatomical nomenclature _body planes
anatomical position body cavities
regional names their subdivisions and contents

directional terms

Levels of structural organization:
chemical, cellular, tissue, organ, system

PRINCIPAL SYSTEMS OF THE HUMAN BODY:

structure principal methods of diagnosis
function and therapy
pathology medical terminology
Skeletal, Muscular, and Integumentary Systems:
skeletal tissue muscle tissue
axial and appendicular muscular systemn
skeletons skin and its derivatives
articulations

Nervous System: .
nervous tissue brain and its principal parts

the nerve impulse sensory and motor systems
spinal cord and nerves autonomic nervous system

Special Senses:
structure of outer, middle, and inner ear
physiology of hearing and equilibrium
structure of eyeball; visual physiology

Endocrine System:
endocrine glands - identity, location, function;
other endocrine tissues
mechanism of hormonal action

Cardiovascular System:

Blood:
physical characteristics hemostasis
functions interstitial fluid and
components lymph
The Heart:
pericardium valves
wall conduction system
chambers cardiac cycle
vessels cardiac output

Lymphatic System:
lymphatic vessels non-specific resistance
lymphatic tissue to disease
immunity reticuloendothelial system



Respiratory System:

Organs:
nose trachea
pharynx bronchea
larynx lungs

Respiration and its Control:
pulmonary ventilation air volumes and capacities
gas exchange and transport

Digestive System and Metabolism:
Digestive processes; characteristics of alimentary
canal - wall structure, tube movements, enervation
Mouth: tongue, salivary glands, teeth
Pharynx and Esophagus: structure, deglutition
Stomach: parts, gastric secretions and absorption,
mixing and emptying actions
Pancreas, Liver and Gallbladder
‘Ssmall and Large Intestines
Metabolism: anabolism and catabolism, enzymes
carbohydrates, lipids and proteins
body heat and temperature regulation

Urinary System; Water, Electrolyte, Acid-Base Balance:

Kidneys: external and internal anatomy
blood and nerve supply
nephrons

urine formation
Elimination of urine: ureters, bladder, urethra
Body fluids: compartments, composition
movement, balance
Electrolyte and acid-base balance

Reproductive System; Development and Inheritance:
Male Reproductive System:
anatomy and physiology
spermatogenesis
Female Reproductive System:
anatomy and physiology
menstrual and ovarian cycles

The Breast: structure, function of mammary glands,
pathology
Pregnancy: fertilization and implantation

embryonic development
fetal growth and birth
Human Genetics:
chromosomes
dominant and recessive genes
meiosis

ANATOMICAL PRESENTATION BY IMAGING SYSTEMS:

Conventional radiographic anatomy.
Transverse and topographic anatomy.
Physical and chemical features affecting appearance in
images produced by:
X rays radio pharmaceuticals
magnetic resonance ultrasound
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FUNDAMENTAL CONCEPTS:
analog
digital
hardware
software

HARDWARE: CPU:

Memory:

Storage Devices:

Input Devices:

COMPUTERS 19

computer
peripheral devices
“micro, mini, mainframe computers

capacity
speed
bus

bits
bytes
RAM
ROM

floppy disks
hard disks
optical disks

keyboards light pen
mouse digital pad
trackball touch screen
joystick voice
Printers: laser
thermal
color
ink jet
SOFTWARE:
Operating Systems Languages:
Single User Assembly
Time Sharing Fortan
Batch Processing C
Programming: basics Basic
Cobal
Pascal
APPLICATIONS:
nuclear medicine ultrasound
diagnostic radiology therapy
cT PACs
MRI
REFERENCES
Vickery, B.L. "Computing Principles and Techniques," Medical

Physics Handbooks 2, Adam Hilger, Boston, 1979.

-END-
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Sample Questions from ABMP Part I Exam
November 25, 1990

Type 1 Questions: Fill in the blank

1. A modem for a radiology communications network operates at
300 Baud. How long would it take to transmit a CT scan if it uses 8
bits for a 512 by 512 image?

A. 10 seconds B. 60 seconds C. 10 minutes D. 2 hours

2. What is the desired therapeutic temperature range for
hyperthermia?

A. 35 to 37 degrees Centigrade
B. 38 to 41
C. 42 to 45
D. 46 to 49
E. 50 to 52

3. An isotope has a half-life of 30 hours. A dose is calibrated by the
manufacturer to be 10mCi -at .12:00 noon. What is the activity of this
sample at 9:00a.m. that same day?

A, 52mCi
B. 85

C. 90

D. 10.7

E. 120

4. Radium-226 has a half-life of 1622 years. How much radium-226
was there on the entire planet earth 1622 years ago?

. Half as much as there is now.

B. The same amount as there is now.

C. Twice as much as there is now.

D. Can’t answer from above information.

>



5. Assuming exponential survival, irradiation of cells with a single
dose of radiation of 4 Gray reduces the number of survivors to 10%.
What dose would reduce the number of survivors to 50%?7

A. 1.02Gy B.180Gy C.200Gy D.3.5Gy E. 575Gy

Note: I could not get any of the above answers.

6. A cobalt-60 unit has a 2cm diameter source. What is the
penumbra 10cm deep in a phantom at 80cm SSD if the collimators
are 40cm from the surface of the phantom?

1.0cm

1.5cm

2.0cm

2.5cm

3.0cm

WoQw>

What is one Joule per Coulomb?
1eV
1 erg
1 volt
1 watt
1 Gray

mUQwW>N

8. How many bones are there in the following regions of the spine:
cervical, lumbar, thoracic?

A. 57,12
B. 12,7,5
C. 5,12,7
D. 7,5, 12

9. A 10Ci source is located in the center of a shielded container. The
container is 20cm in outer diameter and has walls Scm thick. If the
isotope produces an exposure rate of 5.0 R/hour at lcm per mCi, and
the walls of the container have a half-value layer of 0.5cm, what is
the exposure rate at the outside surface of the container?

A. 0.1 mR/hr
B. 0.25

C. 05

D. 10

E. 5.0




There also were a couple of questions on variance of sums and
differences of related measured quantities.

Type 2 Questions: Matching

There are five possible answers to each question. Each may be used
more than once, or not at all. Four questions are then posed, and
these choices are the possible answers.

Thimble chamber

Geiger counter

Sodium iodide well counter
Gas flow proportional counter
Photomultiplier

Honws

What is the most appropriate instrument to measure the following?:
1. Alpha particle measurement

2 Gamma emitting leak-test sample

3. Calibration of a linear accelerator

4 Check for gamma contamination on your body

A. 14 mrem

B. 39 mrem

C. 100 mrem
D. 200 mrem
E. 2400 mrem

What does BEIR V give as annual dose equivalent to the general
population from each of the following?

5. Radon exposure

6. Diagnostic radiology exams

7. Nuclear medicine exams

8. Other terrestrial exposures




A. 0.05 Sv/year
B. 0.15 Sv/year
C. 0.30 Sv/year
D 0.75 Sv/year
E 1.00 Sv/year

What does the NCRP 91 recommend as the annual dose equivalent
limit for occupationally exposed workers?

9. Feet and ankles

10. Whole body

11. Thyroid gland

12. Other organs

A 2mR

B 20mR
C. 200mR
D. 2000mR
E. 20,000mR

What is the typical exposure from the following examinations?
13. CT brain scan

14. Mid-plane exposure of breast

15. Chest X-ray

16. One minute of a GI fluoro exam

You are given a photocopy of a CT scan thru the pelvis with points
labelled A, B, C, D and E. Please identify the following:

17. Femoral head

18. Pubis symphysis

19. Bladder

20. Rectum




Type 3 Questions: Multiple Answer True-False

- These questions consist of four statements about one topic, each of
which is considered to be either true or false. Your answer is one of
the following foils:

A. All four statements are true.
B Statements 1, 2 and 3 are true.
C Statements 1 and 3 are true.
D. Statements 2 and 4 are true.
E. Only Statement 4 is true.

1. Which of the following are medical uses of laser?
1. Holography

2. Photocoagulation

3. Photodynamic therapy

4. Cryogenic surgery

Note: I questioned this question’s accuracy.

2. What information do you need to calculate a primary shielding
barrier?

1. Output per hour at Im

2. Distance to wall

3. Fraction of time beam directed at wall

4. Composition of wall

3. The Polarization Effect in stopping power theory:
1. Is also known as the density effect

2. Depends on atomic number

3. Is proportional to particle velocity

4. Is proportional to the particle charge




4, Which of the follwing lasers are used for surgery?

1

2
3.
4.

. YAG

. COy
Argon
HeNe




1991 General Exam - 392 questions, 4 hours

At which temperature do Celsius and Farenheit scales give equal
readings?

If a person intakes 20 picoCuries of Cs-137, with an effective
half-life of 20 years, compute the cumulative activity.

True/False: Momentum is conserved in inelastic collisions.
Momentum is conserved in elastic collisions.
Energy is conserved in inelastic collisions.
Energy is conserved in elastic collisions.

Express the units of gravitational constant G in mass, distance,
time.

Given an RC circuit, calculate the time constant.

Given the kinetic energy of an electron, compute its velocity.

1f the radius of the first electron orbit of an atom is n, what is
the radius of the second orbit.

Transformer problem: V is 240 volts (RMS), kvp is 96 kvp, compute
the ratio of I/14.

Tf an electron travels at 0.8 ¢, what is the required index of
refraction in a medium such that Cerenkov radiation is produced.

A radiopharmaceutical dose of Tc-99m is delivered at 8 AM. The
desired dose is 15 mCi at noon of the same day. What is the
activity at the time the dose was delivered?

True/False: The organs in the abdomen include: stomach, liver,
spleen, hypophysis, thymus.

True/False: Structures in the mediastinum include: trachea,
esophagus, heart, ureter.

Does a patient who receives an I-125 therapeutic implant require a
private room?

Calculate joules for a single phase unit, given kVp and mAs.
Given a water phantom which is 20 cm thick with a HVL of 10 om
water. If the 88D is 50 cm, calculate the ratio of the exposure at

the bottom of the phantom to the exposure at the top.

Calculate rads required to heat water by 1 degree Celsius. Mass or
volume of water not given.



What type of detector should be used for:
- surveys in a laboratory that uses C-14 and H-3
~ finding a lost Cs~137 needle
-~ daily contamination checks in a Nuclear Medicine dept.

Compute bytes needed for a 256 x 256 image, 16 frames, 256 shades
of gray.

True/False: Acoustical impedance depends on: temperature, Z of
material, density, etc.

Calculate output in mR/mAs at 70 kvp if given output in mR/mAs at
100 kVp. Same type of problem for variation in mAs and distance.

Doppler effect - calculate percent change in frequency given soft
tissue, initial frequency, 45 degree angle, speed of flowing blood.

NCRP-91 dose limits.

Calculate linear attenuation coefficient for a compound, given
linear attenuation coefficients of each of the elements and the
weight fractions.

Types of cancer - where they originate.

Children of Atomic Bomb Survivors - what effects have been seen.

B8lood flow - trace blood from heart to lungs to aorta. Know
vessels and valves.

Process by which oxygen is exchanged in the lungs: is is osmosis,
diffusion, or active transport.

Match hormones with glands in which they are secreted.

Calculate linear attenuation coefficient for a tissue given CT
number and the linear atten. coeff. for water at the same energy.

Calculate flux density and energy density for a 1 mCi Co-60 source
at 5 cm.



1991 ABR Nuclear Medical Physics Exam

Calculate true count rate R for a paralyzable detector given the
observed count rate and a dead time of 6 microseconds.

Given two sources with observed count rates for Rys Ry, Ryy and
background, calculate the dead time.

Calculate probability P for a Poisson distribution.

Given 20 count measurements, determine how likely the distribution
is to be a Poisson distribution (90% chance, 70%, 50%, 20%, etc.)

What is the number of counts requivred to achieve a 1.0% error at
the 95% confidence level?

Many detailed 10 point problems on calculating uptakes in
Schillings tests (using both Co-57 and Co-58), thyroid uptake
tests, cardiac output in gated cardiac studies, Cr-51 blood cell
labelling (total blood volume, plasma volume, red blood cell mass ).

Calculate geometric resolution and efficiency for a pinhole
collimator. No calculations for parallel hole collimators.

Xenon gas problems - given 4 patients per week, 20 mCi pey patient,
5% loss, volume of room. Calculate exhaust rate from room to
maintain concentration at MPC. Need to have MPC memorized.

Xenon gas problem variation - given air flow rate, room volume, and
activity per patient, calculate evacuation time for the room if a
spill occurs.

Trivial MIRD dose calculations - calculate cumulated activity if
given Ags Toff - Given a decay chart and absorbed fractions, do some
easy MIRD calculations.

Calculate geometric efficiency for a 1 inch diameter detector at 1
meter from a point source.

Given a vradioisotope which decays with gammas at specified
energies, which peaks are possible on a PHA spectrum (included
single and double escape peaks).

Describe effects on a pulse height spectrum if window width is
changed, amplifier gain increased or decreased, upper discriminator
removed, etc.



ABR THERAPY PHYSICS WRITTEN EXAM - OCTOBER 4, 1991
SAN FRANCISCO, CALIFORNIA
TOPICS

Water-equivalent path length calculations

Isodose shift calculations for sloping surfaces

What is the correct physical set-up when measuring TPR?

A problem involving segments of an SAR

Neutron contamination: how do you measure it and how do you eliminate
it?

GM counters vs ionization chambers

If you puncture your GM counter, is it a problem?

How is skin dose affected by the addition of a lucite tray?

A radian calculation

Hyperthermia questions: dose the probe conduct electricity? 1Is it
primarily the circulation of the blood that removes the heat from the
treated area? 1Is the ultrasound wave reflected by a gaseous bubble?
What is the wavelength of the microwaves in a linear accelerator?
What does a linac's thyratron regulate?

90° vs 270° bending magnet questions

A gap calculation for fields having different SSD's (80 cm and 100 cm)
Is the monitoring chamber of a linac placed between the primary
collimator and the scattering foil?

Cerrobend questions: 1is there lead in cerrobend? Does this pose a
personnel health risk? How thick should cerrobend blocks be?
Calculate the dose to a point from a cesium brachytherapy source using
the along and away tables.

Given 15 MeV electron beam with an R=7.5 cm, what is the energy of the
beam at 6 cm depth? [Answer: 15(1-(6/7.5))= 3 MeV]

What are the units of N ? [Gy/c or Gy/scale division]

Calibration of electrons in plastic according to TG-21

NCRP Report #102

Treatment planning problems: Given a circular patient treated by three
beams separated by 120°. If you add a 15° wedge (heel left) to the AP
beam, which way should you rotate that beam to keep the distribution
homogeneous? 15° clockwise, 30° clockwise, 0°, 15° counterclockwise, or
30° counterclockwise?

JCAHO regulations regarding the credentials of the radiation
oncologist, the radiation physicist, and the technologists when
purchasing a Co-60 unit

Treatment planning problem: A patient is treated with three fields,
one open AP and two laterals with 70% transmission. The AP is
normalized to 100% and the wedged laterals are normalized to 70% at
A The combined isodose in the treatment area is 135%. If you
desire to give 180 cGy to that isodose, what is the given dose of the
unwedged AP?

Treatment planning problem: A patient is treated with parallel opposed
laterals which give 60 cGy in two beams of 147 MU each. Those MU's
were found, after 10 treatments, to be 20% low. How much should you
increase the MU's by so that the final dose will be the same at the end
of the next 20 treatments?

Neutron contamination: how do you measure it and how do you eliminate



ABMP August 1992 PART 1
Praveen Dalmia

Some of the questions below are identified by type, i.e. A, B, K, or S. The answers given, if any,
are incomplete and, in the case of type K, do not follow the correct order. Not all
answers/questions are accurate, but they follow the general outline of what was asked in the exam.
Also, types A, B, and S shown below have been mixed due to memory lapses and have been
classified together as one category (A). This does not make much of a difference, since while
taking the exam, one can only differentiate between two types of questions: (A, B, S) and (K).

A: Five choices, choose correct answer.

B: Match items - items to match can be used multiple times.
K: a,b,c,d, or e (see below)

S: Some data given followed by 2-5 questions.

The exam consisted of approx. 150 questions. The first 90 questions or so were of types A, B and
S. The rest (latter 1/3rd) were of type K.

Type K questions had four properties (!, 2, 3, 4) of the phenomenon/topic being questioned listed.
This was followed by the following five choices (A-E):

a. 1,2,3 only

b. 1, 3 only

- ¢. 2,4 only

d. 4 only

e. All are correct

HINT: From these choices, one can reason that;
If 1 and 4 are true, then all are true

If 2 and 3 are true, then 1 is true

If 1 is true, then 3 is true

If 2 is true, then either 3 or 4 is true.

If 3 and 4 are true, then all are true

Note: The above argument applies to all type K questions.
ONLY SI UNITS WERE USED (eg. Sv, mSv, cGy)




Praveen Dalmia
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1. (A) Joule/Coulomb = ?
answer: volt.
2. (A) What is the maximum energy that should be considered for shielding a 6 MeV x-ray
scattered at 90 degrees?
answer: Maximum energy for any backscattered x-ray is 511 keV.
3. (A) What is the time required to transmit a 512 x 512, 8-bit image via modem operating at
300 baud?
answer: 2 hours
4. (A) A CT slice (256 x 256) is stored in a computer as _ ?
answers: an 8 bit address a matrix, a 256 x 256 matrix,
5. (A) According to NCRP # 91, the annual radiation worker whole body dose limit is
answer:.SO mSv. 470 Rem
6. (A) According to NCRP # 91, the annual radiation worker dose to the lens of the eye is
answer:. 150 mSv. /5 fen
7. (A) The maximum dose that a pregnant worker can receive per month is mSv.
answer: S0 mrem 57 o
8. (A) GSD is....
answer: the dose received by gonads averaged over # of progeny
9. (A) The mass of a S MeV electron compared to rest mass of an electron is
answer: myg, 9mg, 10mg, 11mg
10.  (A) The mass of an electron traveling at 0.99 times the speed of light is
11.  (K) Medical use of lasers includes
1. photocoagulation
2. cytometry
3. holography
12.  (K) Protective eyewear is used in lasers because:
1. the wavelength is s.t. it'll damage the comnea;
2. the wavelength is s.t. it'll damage the retina;
3. the intensity of the beam will damage the eye.
13.  (K) MRI is not harmful because:

1. no harmful effects have been shown
2 it doesn't use EM radiation.
3. Because MRIs don't affect pacemakers



Praveen Dalmia
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14.  (A) The velocity of ultrasound......
answer: decreases/increases with density of the medium, decreases/increases with
frequency of wave

15. (K) Velocity of ultrasound
1. decreases with compressibility
2. greater in fat than in muscle

16.  The strength of MRI magnet is typically.....
answer: 1 Tesla

(B) For questions 17-20, five figures showing a beam in air or in medium were drawn.
The distances (SAD, SSD, d, dmax) were shown. Four choices were given (eg. Fig 1/fig
2, fig 4/fig3, figl/fig 4).

One was then asked which of these choices was a definition of:

17. PDD
18. BSF
19. ™R
20. f factor

21.  (K) When going from a thicker patient to a thinner patient while doing fluoroscopy using
auto brightness control:
1. kVp and/or mA decrease decreases
2. mA decreases, kVp increases -
3. gain of picture tube increases
4. kVp decrease, mA increases.

22.  (K) A wransporter gets 1000 mR to his/her badge. This is possibly due to:
1. The transporter wore the badge for a chest x-ray.
2. He left his badge in his car.
3. He transported an excessive number of I-125 patients.
4.

23.  (A) A patient was treated on Jan. 1, 1991 at 113 SSD, On June 30, 1992, the output of the
unit at 80 cm SSD, 0.5 cm depth is 100 cGy/min. what was the dose to the patient at 0.5
cm depth if the treatment time was 2.36 min and there was no timer error?

24,  (A) Timer error problem:
A 5 second exposure rate = X (X was an actual number given)
A 30 second exposure rate = Y (Y was an actual number given)
The exposure for 60 s will measure

(B) Match the following with questions 25-28:
A. operating system
B. language
C. compiler
E.
25.  Unix
26, C
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27. Fortran
28.

29. (A) A compiler is used to........
answer: convert high level language into assembler code.

30.  (A) During beta minus decay the proton number (Z):
answer: +1, +2, -1, -2, unchanged

31. (A) Electron capture (EC) is a competing process with...
answer: beta positive decay

32.  (A) To improve Signal/Noise ratio in PET......
answer: use coincidence circuitry.

33.  (A) SPECT uses........
answer: Multiple images at different angles.

34.  (A) Which of the following can be used for energy discrimination analysis?
answer: Nal and Ge, GM counter, ionization chamber

(A) Given a CT image thru a chest, one was asked to identify:

35. Aora
36.  Superior Vena Cava
37.  Spine

38.  Oesophagus
(A) Given an AP image, one was asked to identify:

39. Ischiim:
40. Sternum
41, Clavicle

42, Hium -

43.  (K) While irradiating the thoracic esophagus, which organs maybe in the beam?
1. lung
2. spinal cord

4. pineal body

(B) For questions 44 - 47 match the origin of the following cancers.
answers to choose from: '
a.) skin

b.) fat

c.) bone

d.) blood vessels

44.  Liposarcoma

45, Basal cell carcinoma
46.  Osteosarcoma

47.  Angiomyolipoma



A
V1 5, 6ﬂ .
Al
Praveen Dalmia ’
ABMP August 1992: PART] PAGES

48.

50.
51.

52.

53.
54.

55.

56.

(B) For questions 48 - 52: During a nuclear accident 1000 people get a whole body dose of
300 cGy each.

Answers to choose from:

a.) 3 days

b.) 30 days -~

c.) 60 days

d.) 2 years

e.) 10 years

The maximum death rate will be seen at

All blood platelet restored by
Greatest incidence of leukemia will be seen after

Increased incidence of solid tumors will be seen after

(A) A dose calibrator uses
answers: Nal x-tal, ionization chamber, liquid scintillation detector, GM counter

(A) Leukopenia is
answers: increase/decrease in number of leukocytes, increase/decrease in number of
lymphocytes

(A) A patient was administered I-131 on Monday. The thyroid uptake was measured on
Wednesday, along with a reference source. The followup Wednesday, the uptake was
70% of that of the reference source. What was the Tegl/2.

(A) Under adiabatic conditions, 0.2 A current is allowed to flow through an 8§ ohm
resistance imbedded in a 30 g mass of tissue for 10 s. The temperature rise measured is
0.20C. What is the dose required for this temperature rise?

answer: Use the equation: [(I2xR)xt]/m

(K) Which of the following are electrical transducers?
1. thermocouple

2. photovoltaic cell

3. photomultiplier tube (PMT)

4.

(B) Use the choices given for questions 57-60.

Thermistor A. Used at high temperatures.
Thermocouple B. junction of 2 different elements.
Thermometer C. made of platinum wire.

D. made of tissue equivalent material

(A) Radionuclides produced by bombardment of neutrons decay by?
answer: Beta minus

(A) Photodisintegration starts at MeV?

(A) At 15 MV the predominant photon interaction is via .
answer: Compton scatter.
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64.  (A) Polarization effect is also known as
answer: Density effect.
(Question was a repeat from a previous ABMP exam)

65. (A) The units of Linear energy transfer (LET) is:
answer: Joule/meter!!

66. (A) Kerma is

67. How many HVLs are required to decrease the exposure to 1/32 of its initial value? (The
question was based on a given exposure rate at a nurses station from a brachytherapy
patient. The required exposure level was also given. One was asked to calculate the
number of HVLs to reduce the exposure to the required level.)
answer: (1/20)=1/32 n=5

68. (A)A 10Ci Cs-137 source is kept in a lead container with a diameter of 20 cm. HVL =
0.5 cm. What is the dose rate at the surface of the container? 1.9 ., o0 R e
2.6 xie  amim
69.  (K)Dose rate at a point 1 m from a radioactive source can be reduced to 1/4 by:
answers: double the distance, add 2 HVLs in between; add 1 HVL and increase distance by
1.4 meter, reduce activity to 1/4th

(B) Match questions 70-71 (actually there were 4 questions) with the following types of
interactions:

A. beta-

B. beta+

C. alpha

D. gamma-

E. electron capture

70. Isomeric transition:
71.  Zincreases by 1

)’ 72. (A) When the mean = 10, the std. dev. = 50. If we were to add 500 to the mean, the new
mean will be ......
answer: 510+50.

,% 73.  (A) Instrument calibration has a 0.17% error with a 95% confidence level. he error in the
measurement is 0.15%. What is the total error?

74. (A) Given Py =760, Ty = 00C, P, = 750, T2 = 22°C Density correction for PT;= 7.

¥ 75.  (A) The reflected intensity of an ultrasound wave is 50 dB less than the incident wave. If
I, = 107 W/cm?2. What is the intensity of the reflected wave?

2} 76.  (A) Two films transmit 10 and 15 units respectively. If optical density of 1st filmis-1,
what is the optical density of 2nd film?
answer: 0.87

% 77.  (A)Given N =1; D, = 0.464. If dose given = 1.2 Gy, what is the survival level?
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X 78.
79.

- 80.

¥ 81.
X 82.

83.

84.

85.

x 86.

87.

& 88.

89.

90.

PAGE7

(A) What is the annual dose to person in the US from background including radon?

(A) What is the temperature for hyperthermia?
answer: 420C.

(K) MRI measures:
1. proton density
2. proton-lattice

3. proton-proton

4. electron density

(A) what is the annual exposure from medical examinations.

(A) Given an equation, integrate from O to infinity

A=A, [e005t-e02] A, =100

answer: 1600

(The problem was presented differently, but this was the crux of the question).

(K) Gamma depends upon
1. energy of gamma ray
2. number of gammas emitted.

(K) Radioactivity is distributed evenly in an organ; dose to another organ depends upon:

1. size of organ
2. Energy of gamma
3. Distance between the organs

(A) For equal weight, the photoelectric effect in lead is times that in water for a 80

kev photon.
answer: 1000, 100, 10, 1, 0.1

(K) Collection efficiency of detector (P;,) will increase with:
1. decrease in distance between electrodes

2. decrease of bias voltage

3. increase in dose rate

(K) GM counters will:

1) Read zero in very high fields.
2) Quenching gas is used to reduce multiple pulses.
3

(A) What connects DNA strands?
answers: purines, C-H bonds, H-H bonds

(A) Wedges are used in Radiation Therapy for:
answers: reducing heel effect; sloping surface; good isodose distribution

(A) Question on neutron detectors.
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¥ 91.  (A) Question on TLD activator centers.
¥92.  (A) TLD glow curve peak depends upon
answer: temperature of readout and substance.
93. (A) Law of Thrabodine and Begonie states that: '
answer: the radiosensitivity of a cell is inversely proportional to its differentiation.
¥ 94.  (A) Tritiated thymidine is used to study cell cycle via:
answer: cytometry, autoradiology, electron microscope
95.  (A) Plating efficiency = 70%; number of cells seeded = 1000. Number of colonies counted
= 18. What is the surviving fraction?
% 96.  (A) Doubling dose is .......
97.  (A) Increase in time of film development
WA\l Y ehernse =t oan O A o o+
98.  (A) Typical dose to breast in a mammogram?
99.  (A) Stopping power (2 questions on definition)
100. (A) Find penumbra of Co unitatd = 10 cm given SSD = 80 cm; SCD =40 cm; 1.0 Ci
source.
answer: 1.5c¢cm
101.  (A) Given SID = 100 cm; patient thickness = 20 cm; HVL = 4 cm of patient. Exposure on
film = 5 mR. Entrance exposure to patient = ?
102.  (A) A circuit of resistances in series where each resistor has a partial voltage drop across it
is called?
answer: Wheatstone bridge. Potential divider.
103.  (A) Outer wire of a coaxial cable should be
answers: grounded; same V at inside of cable; should be an insulator
¥ 104. (A) A transformer losses energy due to:
answer: dielectric; eddy; resistance of wire
> 105.  (A) Energy loss due to eddy currents in a transformer can be reduced by:
answer: using laminated sheets in the core.
¥ 106.  (K) Quantum mottle is reduced by:
1. increasing kVp
2. using rare earth screens
3. is not important in fluoroscopy
107. (A) Digital imaging results in:

answer: reduced quantum mottle; .....
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108. (A) Energy loss by electrons in a nucleus’ field is called
answer: Bremmstrahlung

109. (A) Plank's constant relates:
answer: energy and freq.

110. (A) Ionization energy is the energy to
answer: remove the electron from the atom; maximum energy of the characteristic radiation

111. (A) Braggpeakis due to
answer: the deposition of energy at end of path of heavy particles.

112. (A) With a 6 MV photon beam, the damage in cell is caused by
answer: neutrons, photon, electrons,....

113.  (A) A 15 MV beam is preferred over a 4 MV beam for pelvic treatments because:
answer: less penumbra; less normal tissue dose

»114. (A) A person has two primary cancers, breast and brain. Survival level is 16% for brain,
6% for breast. What is the person's expected survival level?

A 115. (K) Sensitivity of condenser chamber can be increased by: Answer: increase volume;
increase capacitance

116. (A) 80% of the body weight is made up of:
answer: carbon, oxygen, hydrogen
carbon, calcium, hydrogen

¥ 117. (A) Photons lose energy by:
answer: inelastic collisions with electrons; elastic collisions with electrons

118. (A) Energy lost in coherent scattering is of the order of
answer:

¥ 119. (K) Energy carried off by a compton scattered electron:
1. depends upon angle of scatter of electron
2. is a max of (Ephoton - 255) MeV
3.

X 120. (K) A person gets nearly LDsg of whole body radiation. Symtoms within hours of dose
include:
1. convulsive siezures
2. loss of hair
3. diarrhea

121.  (K) Which of these are involuntary actions?
1. Diastole
2. Systole
3. Peristalsis
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122. (A) Question on time axis/sweep generator synchronization in an oscilloscope.

123.  (A) The plane dividing the body into anterior and posterior is answer:
A PO
sagital/coronal/transverse/

124. (A) A cathode is made of tungsten because:
answer: it has a high melting pt.



ABMP August 1992 PART II (Therapy)
Praveen Dalmia

The pattern of questions in this exam was similar to part . However, nearly 50% of the 150
questions were of type K. Prepare to spend 75% of your time answering the K type questions.

1.

% 6.

— o \D 00 ~J
’_‘o- . .

13.

#14.

3 15.
16.

17.

(A) Beam current before the target for photon beam is times that for an electron beam.
answer: 1000, 100, 0.1, 0.01

(A) 5 mm of beam attenuates 100 photons from a beam that initially had 1000 photon.
How many photons will the next 1 cm attenuate?

(A) The maximum photon energy to be considered for 6 MV photon scatter at 90 degrees?
(This question was both in parts I and II)

(A) The penumbra in Co-60 units is more than in linac because:

(A) Six 1 Ci Cs-137 sources form a Patterson-Parker circle; diameter of the circle is 2 cm.
What is the dose at 1 cm from center of the circle. (Question was asked in 1991 exam also)

(A) Calculate the thickness of concrete (HVL = 4.6 cm) needed for shielding a nurses
station that is 10 feet from HDR room. Dose per week delivered (i.e. workload) = 4000
cGy at 1 cm; Nurses are restricted to 0.1 mSv/wk.

(B) What'll you use to measure:
Timer error

Electron beam energy

Surface dose on a patient

Dose distribution in an arc therapy

(A) Typical kVp for a lateral pelvis film in simulator is:

(X) The use of cassette in MV beam (port) films:
1. reduces MUs
2. Gives better resolution in MV beam than diagnostic range.

(B) Match doses for the following diseases: prostate; post-op breast; seminoma; (these
were four individual questions)

Question on total body skin electron therapy

(K) In total body given photon therapy:

1. Lead/cerrobend blocks used to shield lungs
2. compensator used to reduce dose to head
3.

(A) The enefgy of photon at the door of a linac room after 2 reflections = . Initial
energy = 6 MV. :
answer: 0.511 MeV, 2.02 MeV, 1.6 MeV
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% 18. (K) Which of these can be used for tumor localization of the head:
1. MRI
2.CT
3. SPECT

19,
3 20.

¥ 21.

%22.

23.

24,

25.

Y 26.
= 27.

4. Angiography
(K) The anatomical structures that are irradiated during therapy of the uterus include.....

(A) There is a 5 cm error in the setup in SSD of 100 cm; Error in PDD at 10 cm depth for 6
MYV beamwill be .....
(It did not state if the error was +ve or -ve. The answers were in %age)

(A) What should one use to measure profiles quickly for 3 x 3 field for stereotactic
surgery?
answer: film, TLD, ion chamber

(A) Before an intraoperative procedure (JORT)

answers:

A. The treatment plan is made

B. The physician is provided calculations and dosimetry
C. The patient is simulated

D. TLDs are used to measure dose delivered during IORT
E. The dose is delivered in single fraction

(A) For a 3 x 3 electron field compared with a 10 x 10 field
answers:

A. The Ry remains the same

B. The Rs0 decreases (or changes)

C. The surface dose changes

D. The output changes

E. The depth of max dose changes

(A) The NRC requires that output for one set of operating conditions be measured
answer: monthly.

(A) The NRC requires the chamber used for annual calibrations be calibrated by
answers:

A. An ADCL annually

B. An ADCL every 5 years

C. An ADCL every two years

D. Compared with a local standard

E.

(K) The question tested all methods of matching head and neck/scv fields.

(K) In electron arc therapy the

1. dmax decreases

2. PDD decreases

3. Rp remains the same

4. Photon contamination increases
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28.  (A) Two lateral marks are put on a pelvis and a lateral simulation film taken. What do you
need to measure size of actual tumor on the film. (various options were provided)

29.  (K) Brachytherapy sources should be loaded
1. By a different person each time
2. Using long tweezers
3. Behind a Pb shield

30.  (A) Afterloading sources for brachytherapy should be stated in answer: mg. equivalents of

radium; activity;

(B) What produces the following dose distributions:
31. - Box a) 60c wedges, 1100 hinges
32.  Diamond b) 300 wedges, 500 hinge
33. ellipse c) bilateral 1200 arcs
34. d) AP/PA, R/L lat box -

e) AP, R/L post obliques

35.  (A) For a 400 wedge, the hinge angle is
answer:

736. (K) AP/PA separation is 20 cm; R/L lateral separation is 38 cm; the dose ratio for a box
technique for AP/PA v/s R/L lateral
1. 1/1, 1.5/1.5 -
2.1/1, 272
3. 1.5/1.5,.1/1
4.2/2,1/1

(B) Use the following choices for questions 37-40.
A.1/4 B.1 C.1/8 D.1/16 E.1/2

37.  Primary wall use factor

38.  Secondary wall use factor

39.  Occupancy factor for nurses station

40.  Occupancy factor for walkway outside room

R/41.  (K) For which of these must one shield against in a linac room's door?
1. Fast neutron
2. Slow neutron
3. scattered x-rays and characteristic x-rays
4. Gamma rays

¥ 42.  (K) What must one test after an HDR source change?
1. dwell time
2. timer error
3. travel time
4,

43.  (A)Dgg for a 15 MeV electron beam is
answer: S5cm
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44.

45.

¥ 46.

47.

48.

H49.
50.

St

52.

#53.

54.

55.

(K) Dpax of a high energy beam changes with
1. SSD
2. field size

(A) What is use in intraoperative electron therapy to block other organs?
answers: cerrobend/thin Pb strips/superflab/beeswax/lucite

(K) Stereotactic radiotherapy currently consists of:
1. multiple stationary ports

2. single or multiple arcs

3. multiple stationary ports and arcs

4. simultaneous couch motion with multiple ports

(A) One morning the beam flatness is found off in the cross plane direction and the
cGy/MU is high. The probable cause is answer: flattening filter shifted by 1 cm.

(A) The geometric and physical isocenter of a linac are off by 5 mm; This could be due
to.....
answer: gantry sag/collimator uncentered/ gantry bearing weak/ x-hair uncentered

(A) What controls the dose rate in a linac?

(K) Magnetron in a linac is changed. What does one need to check before using the linac
clinically?
answer: cGy/MU

(A) A 10 MeV electron beam is used to treat the lung of a patient. The lung starts 3 cm from
the surface; lung electron density = 0.5 that of tissue. The effective Ry, of the electron is.....
(K) A simulator

1. Adds treatment machine's motions with diagnostic filming capability

2. must have fluoro

(A) Difference between SCRAD and Ngas method is

A. Bragg gravity is used in SCRAD and not N,

B. SCRAD dose not account for physical characteristics of chamber wall

(A) Whatlll you use to measure dose distribution for a dynamic wedge rotation?
answer: TLD, film, ionization chamber

(K) In rotational (arc) therapy
1. The MU/cGy remains constant
2. The MUs/degree remains constant



ABR. October 1992 Part I
Praveen Dalmia

EXAMINATION FORMAT:

The format of the examination was changed from this year. The anatomy/physiology examination
was separate from the physics examination. The physics examination had 160 questions and one
had 3 hours to answer them. The anatomy/physiology section had 60 questions and one had 1
hour to answer them. The 3-hour physics test was administered and the test books taken back
before the anatomy/physiology section was given out. The physics part was long and many people
ran out of time without completing the test. For the anatomy section, however, one needed only
15-20 minutes. FINAL VERSION OF PART I WILL BE AVAILABLE MARCH END

PHYSICS SECTION:

The examination was multiple choice, consisting of 160 questions. Questions 1-30 were 5 point
questions with five choices each and required minimal calculations; 31-60 were 10 point questions,
again with 5 choices each, but required more calculations. Also, questions 31-60 were sometimes
grouped together -- eg. sometimes the same data was used for 5 questions; 61-100 were true/false
questons of 2 points each. The T/F questions were lumped in sets of 5 questions, each set dealing
with one specific topic. Thus these last 100 questions dealt with 20 separate topics and required no
calculations. (PART II of the examination, i.e. therapy physics/diagnostic/nuclear,
also followed the same pattern as this part of the examination)

1. Energy of electrons decreases monotonically with depth in a phantom. (T/F)

2. Molecular motion produces radiation in the UV range. (T/F)

w

Given atomic number of 2 different material, the efficiency of bremmstrahlung will greater
for which one. (5 pt. question)

TLD glow curve will be decided by preannealing method before irradiation. (T/F)
Pair production in an electron field is called triplet production. (T/F)

RBE the ratio of ........ (T/F)

~N O A

Dosages of radiopharmaceuticals must be dispensed under a fume hood according to the
NRC. (T/Fy- :

8. What contributes to the population dose? (5 points)
1) P-40
2) x-ray exposure

4)C-14
9, A 32-bit computer is one with a (5K points)
1. 32 bit bus

2. 32 bits in the memory
3. 16 bit bus

10.  The x-ray in electron capture comes from the parent (T/F)
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1.

10.
11.
12.
13.
14.

15,
16.
17.
18.
18.

At an altitude of 5 km tehre is a pressure change by a factor
of two. If an exposure measurement is 0.115 R for a 1.0
minute exposure, what will the reading be at 2280 feet under
the same conditions using the same instrument? (10 points

A. .110, .115, .120, .125, .130

An anode rotating at 2800 rpm and the temp rises to zzz Deg C,
radiation given off is xx (units). At 3000 rpm, the temp
rises to yy deg C, the radiation emmitted will be .

{sigma T<) (10 points)

Mass of 100 g lies on a table. Coefficient of static friction
is 0.5. What is the force regquired to move it? (10 points)

Exposure rates (Answer 10 mR) .6 sec, 25 mA (125 mas).
Exposure given. mA-min/week given. Convert mR received for
that exposure

Work load in mA-min/week given. The exposure for a 0.6 sec,
25 mA ewxposure is xxx mR. What will be the exposure received
in one week?

10¢ g of wacer cools Zrom 345 deg C to ~-40 deg €. All factors
provided. What is the heat given off?

Iodine and Tech-389, half lives given. Total activity 10000
counts at a certain time and XXX after 12 hours. What was the
initial activity of Tc-997?

(Solve the simultaneous equations.)

The potential energy given. 90 % is transferred to the bow.
What is the initial velocity of the bow?
{half mv2® = 0.8 energy )

Electron velocity = 0.9 c. Relativistic K.E.:Newtonian K.E.
= 7

(mass = 1.25 Mo..... )

Capacitance = 100 pF. Voltage changes from 250 to 200 V,
Volume of chamber = 10 cc. Density of air = XX./ Find the
exposure in R.

(use 2.58 x 10-%* C/kg = 1 R) (10 point)

(T/F) Operational amplifier.

Amplification is ratio of the two resistances
The -ve potential 1is magnified.

It is an emitter follower.

Islets of langerhans are found in the pancreas. (5 point)
Hematocrit is? (5 point)

Plasma volume is % of the blood? (5 point)

Iliac crest (L-5/L-86) (5 point)

Where are the adrenals located (5 point)



20.
21.

22.
23.
24.
25.
26.

27.

28.

28.

30

31.

32.

33.
34,
35.
36.
37.

38‘

400

41.

C 42,

43,

The alveolus are found in the ? (5 point)
What does the change of CO2 take place?
(Arterioles, venules, capillary beds, ...) (5 point)

Physiology and anatomy: 20 five point questions, 40 T/F

Which of these are related to the endocrine system?
(T/F) pituitary

(T/F) thymus

(T/F) adrenals

(T/F) testis

(T/F) pancreas

What is the hormone secreted by the parathyroid control?
(I, Na, K, Ca, Fe)

hypothyroidism, ocular problem, .... relate to Iodine therapy
for thyroid?2?2?22?? '

Which wvalve leads to the left ventricle? {(mitral wvalve)(5

poiat)
Which endoérine gland is the master gland? (5 point)

Lymphomas are associated with what types of «cells?
{hematopoletic)

Which of these sarcomas will have the highest CT numbers?
{Osteosarcoma)

5 T/F questions on the eye.

The blind spot is due to the fovea.

The color vision is due to cones. .

(Scotopic or)Photopic vision is night vision.

Resolution of the eye is 1 minute of arc.

Spatial resolution of eye increase with decreased frequency.

Agueous humor (5 point)

Food is digested in the small intestine/stomach/pancreas/large
intestine/.... (five point)

Where does max absorptlion of water occur? Rectum, colon, small
intestine, jejunum, stomach (5 pt.)

pl = 3p2, Tl = 22 deg C, V1 = 0.5 v2. What is the new T of
the body. (5 pt)

5 T/F on lasers.

The eye is the most sensitive organ to low power infrared
laser _

Population inversion is necessary for laser
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44.

5 T/F on TLDs
45. The preheat decides the glow curve.
46. It is operated in pulse mode.

47. The output depends on LET.
48. The black body radiation from the planchet can be reduced by

using an ultra violet filter.
49.

50. The radiation due to gyrations for to proton-spin interactions
is in the radiofreguency range. (T/F)

5 T/F on ultrasound.
£1. The diameter of. the wave lncreases in the Fresnel zone
2. As the frequency increases, the spatial resolution increases.
53. The frequency can be increased by increasing the potential
across the transducer.

th
Ve

2
is equal to how many coulombs? (5 pt)
5 T/F on electrons . .
55, The practical range for a 4 MeV beam of electrons is & cm.
¥57. The maximum dose oOcCCuUIS at the surface
58. The specific ionization reduces with depth.
59.

5 T/F on radionuclides produced by (n, gamma) reactions
T 60. The radionuclides decays by beta minus

7-61. It can be carriex free
'~62. The atomic number remains the same.
63, Trewit o zeivay~ L7008 sy oo Fer i, A0 NG
! ' T R T i A e e ;) ‘;/ RV S ! 7 lee, i
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5 T/F on electron capture . o
64.7 Electron capture can occur with energy < .5 MeV _“a - >N
65. Characteristic x-rays are given off by the parent).
66. A gt

£7. Tc-99m decays to Tc-99., Tc-99 is a isotope? (5 Pt}

Long lived/stable/ P

68. 1 MeV photon undergoes compton scatter at 90 degrees. What is
the energy of the electron? (5 pt)

69. The compton interaction (mu/rho) in one material is givan.
What is the mass compton interaction in the higher Z material
going to be. (5 pt) :

70 The Z, A and mu/rho for Na and I are given. what 'is the

000 Fsn-psirs-are produced by 1 Mev beam 0f elemtron= =~ miigo o~
s



71.

72.

73.

74.

75.

76.

717.

78.

79.

80.

81.
82.
83‘

84,

85.
86.
87.

mu/rho for the compound NaI? {10 pt)

The +total angle between the compton photon and compton
electron is 180 degrees. (T/F)

Convert 20 deg F to celsius. (5 pt)

Scolioses of the lumbar spine is imaged PA because:
reduces dose to the breast/reduces dose to the thyroid/pt is
comfortable/penumbra decreases/increase in image distortion.

(5 pt)

2 ¢ counter has an RC constant of 2 sec. It read 15 mR/hr in
4 sec. What is the true reading? (10 pt)

N =28, T0O = 1.6, given 3 Gy. What is the surviving fraction.
(Exact same question in ABMP with n=1 !!t). (10 pt)

Refractive index given. What is the velocity of 1light in the
medium? (5 pt)

che effect of 80 R to whole body will be:
Depressed platelet count for some time/CNS syndrome (5 pt)

Given coeff of linear expansion, length and 25 degAC temp
rise. Calculate the new length. (5/10 pt)

The exposure rate is X mR-cm2/hr. What will be the exposure
rzte at 2.5 m if .55 mm Pb is present in the beam. (HVL = .3
mm Pb, given) (5 pt)

The number of photons that are intercepted by .5 m2 area at a
distance of 8 m in 15 seconds from a source emanating 1000
photons per second. (10 pts)

5 T/F NRC regs regarding source storage

You can eat in the storage area if the sources are properly
stored. :

You must secure radiocactive material if no one is present.
The packages £rom the radiopharmaceutical company can be
thrown in the trash after the radioactive labels have been
defaced if they do not show a reading.

5 7/P (Anatomy/Physiology)

Proper histological methods of defining cancer of the lung
epithelial

Adenocarcinoma

small cell carcinoma

5 7/F {Anatomy/Physiology)
A mammogram showing carcinoma of the breast shows:



88
89
30
S1
92

93.

94.
95.
96.
97.
98.

99

100.

-~
A s

102.
103.
104.
105.
106.
107.
108

108

110.
111.

112.

113.

114.

115.

1lls.

Changes in the soft tissue density
Microscopic densities

Change in the skin thickness
Concentration of adipose tissue

proper size of chemical to see perfusion of the lung:
0-1 micrometer, 1-2, 3-5, etc (5 pt)

5 T/F. Parts in the knee Jjoint:
Patella

Humexrus

Radius

Tibia

Transverse =—-—-—-- muscle.

Longest phase of the cell cycle is (5 Pt)
Bones in the forearm are . (5 pt)

5 T/F. Which of the following participate in food digestion?
smail intestine : - : :
Gall bladder

Liver

Stomach

Pancreas

The proportion of blood volume that is plasma is (5 pt)

5 T/F. Parts of the male urogenital system
Uretex

Urethra

Seminal vesicles

Ovaries

Nephrons

Which of these organs is the most radiosensitive (5 Pts)
Uterus/small intestine/stomach/

Mean = 100 with a S.D of 10. What is the probability that a
measurement will fall between 90-110. (5 Pt)

There are 64 numbers numbered 1-64 in a bin. Six of them are
selected at random without replacing any. Wwhat 1is the
probability of drawing six of them in a consecutive order?

(5/10 pt)

How many bits are required to identify all the lower case
jetters of the English alphabet? (5 Pts)

Ten numbers (0-9) are put into four bits. The 0 by mistake is
offset to 1001. What will the number 7 be in the computer? (5

pt)
01, 001, 0101,
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117.

118.

119.

120.

121,

122,

123,

5 T/F on the noise that can be generated in the digital signal
cable.

A 20 MHz oscilloscope (5 pt)
A. Cannot measure a frequency of more than 20 Mhz.
B. Has a bandwidth of 20 MH=z.

The velocity of the train and the freq. of the whistle are
given. Velocity of sound given. Train is approaching the
station. What is the frequency of the sound that a man on the
platform will hear? (10 Pt)

The length of the wize is doubled as is the area of the wire.
The resistance of the wire will . (5 Pb)

Given the optical densities produced for two different
exposures and the slope of the H&D curve, what is the xatio of
the two exposures? (5 Pt)

Given the increase in 4B of 30. What is the increase in the
potential applied? (5 Pt)

Ratio of the turns in a transformer was given. Given an input
RMS (primary) voltage, what is the peak output (secondary)
voltage? (5 Pt) .-

None of the questions reguired one to remembexr any constants,
except probably IR = .

124.

125.

12e6.

MTF of various components of a gamma camera are given. What
is the total MTF of the system? (5 Pt)

T/F. All atoms with even number of nucleons have a
gyromagnetic ratio of 0.

The maximum energy of photon f£rom an x-ray tube will occur
for: S

constant potential high frequency Ggenerator/ 3-phase
generator/ single phase generator (5 Pt)

Which is the best method of measuring the energy of the
particle: p-n Junction diode/G counter/0.6 cc ionization
chamber/large volume chamber/Nal detector (5 Pt)

For fluorescence used in dosimetry the photon to electron
conversion takes place at:
diode/dynode/anode/Nal x-tal/cathode (5 Pt)

Given mu in g/cm2. Density given. For 90 % attenuation, what
is the thickness in cm of the attenuator? (10 Pt)

High energy photons are incident on a layer of tissue.
Thickness of the attenuator is exactly equal to the maximum



range of backscatter electrons. The Kerma is more than

absorbed dose.
5%>, 5%<, 10% >, 10%<, {5 pt)

131. T/F. Photodisintegration cannot occur at energies < 1 MeV.
132. 5 T/F. Tc-9%m decaying to Tc-99 is an isomeric transition.
133. What type of cells cause lymphomas? (5 Pt)

Part Q of exam: 20 gquestions, 5 Points each; 40 Questions, T/F 2
points each (Total: 180 points)

Paxt P: 30 questions, 5 points each; 30 questions 10 points each,
100 True/False questions in groups of 5 , 2 points each. (Total:
650 points)

5 T/F on natuxal background radiation levels.
134. The dose from diagnostic > dose from nuclear exams
135. The dose from terrestrial > dose from diagnostic
136, The dose from radon > dose from diagnostic
137.

138. 100 R given to 10,000 people causes 10 excess cancers. If 10
R are given to 100,000 people, how many excess cancers will it
cause? (5 Point) i '

138. The attenuation coefficient will be greatest £for the
photoelectric effect for (5 point)

A. L shell B.E. = 9 keV, photon E = 7 keV
B. L shell B.E. = 9 keV, photon E;= 1l keV.
c. K shell B.E. = 88 keV, photon E = 87 keV
D. K shell B.E. = 88 keV, photon E = 21 keV
E.

T/F. There are no alpha emitters for A < 30.

Given number of atoms in the tissue. Diameter of one atom
given. Find weight of tissue. (5/10 Pt}

5 T/F on the ROC phantom.

True positives are along the y-axis.

The area under the curve relates to....

The AAPM ROC phantom can be used fox this study

T/F

The energy given off in nuclear fission is approximately 1 MeV
per nucleon.

The binding E per nucleon first increases, reaches a broad
maximum and then slowly decreases. (T/F)

Given the enexgy, calculate the Compton wavelength of the

2F T £6. LT 99
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particie. (5 Pt)

——

149. During electron capture an anti-neutrino is ejected (T/F) /

150. Given the gamma, distance and aéfivity, calculate the dose
rate at a certain point. (10 Pt)

151. The resolution of a gamma camera for use with Tc-99m can be
improved by: (5 Pt)
use of longer parallel collimator/pin-hole collimator/thicker
Nal x-tal/ 53 -
. . Fsam? - !\,_‘_ e -



ABR. OCTOBER 1992 Part II - Radiation Therapy
Praveen Dalmia

Questions 1 - 30: 5 pts. (5 choices); 31 - 60: 10 pts. (5 choices); 61 - 160 (T/F): 2 pts.

1.

In contemporary radiobiology, the equivalent radiation dosage [worded differently in exam]
is that dose that can be predicted by the curve for: (5 point) o

1) Single-hit-multi-target theory

2) Single-hit-single target theory

3) Multi-hit-single-target theory

4) Multi-hit-multi-target theory

5) linear-quadratic theory

An anterior superclav 12 x 4 cm field is to be treated on a 80 cm SSD Co-60 unit. The
table is turned 90c. By how much should the gantry be rotated to make one edge of the
field perpendicular to the floor? (5/10 point)

answer: 2.90

The minimum temperature for hyperthermia treatment of cancer is: (5 point)
1) 430
2) 400
3) 380
4) 470
5) 500

The dose rate at the end of a 15 cm cone is 230 cGy/min. An air gap of 2 cm is found for a
certain treatment. What is the dose rate on the skin? (5 point)

Given an unfiltered 10 mCi Ra-226 source, find the exposure rate at 2.25 m from the
source if it is shielded by X cm (given) of lead and the HVL is Y cm (given) of lead. (10

point)

The activity of a Co-60 source is 1500 TBq. What would be the activity be 3 years from
now? (5 point)

An exposure rate of 0.8 mSv/hr is measured outside when a linac without a beam stopper is
irradiating a wall. Assuming a dose rate of 2 Gy/min at 1 meter, what will be the exposure
per week outside. (Assume the WUT to be 60 Gy/wk.) (10 point)

answer: 0.4 mSv

Given WUT =M rad/wk, P = 0.01 R/wk (uncontrolled area), X outside = N mR/hr for a
technique of T rad/min; how much extra shielding (HVLs) is required for the wall. (N, M,
T were values provided) (10 point)

answer: answer came out to 0
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9. The increase in percent depth dose per cm of lung for a 6 MV beam is: (5 point)
1)2%
2) 3%
3)4%
4) 5%
5) 6%

10.  The decrease in PDD in bone for a 6 MV linac beam is: (5 point)
1) 2%
2)3%
3)4%
4) 5%
5) 6%

11.  When making a tissue compensator for a photon field to compensate for sloping surface of
the patient, (5 point)
1) the thickness of the compensator should be reduced according to electron density of
material to that in water
2) the compensator should cover the entire field
3) it should be placed on the patient
4)
5)

'12.  According to TG-21, the depth of calibration for photon beams depends upon the diameter
of the chamber and energy of the beam. This depth: (5/10 point)
1) is decided by length of electrons’ track in the chamber

E ' 2) should only be between surface and dpax

3)

13. The Aya correction according to TG21 is due to: (5 point)
1) fluence correction only
2) fluence and .......

A mistake is discovered in the factors used for Crp correction during calibration. The
physicist used 200C instead of 22°C as the standard temperature. The easiest way to
correct for this is to: (5 point) '

1) Multiply all Dose/MU by 293/295

2) Ignore it; the error is within NCRP guidelines.

3) Reduce future temperature measurements by 20C.

g-g Add 0.01 to all Dose/MU.

'(Iilg.re is z; leak in the gas filled chamber mounted inside a linac. As the day progresses, the
point

1) Dose/MU will increase

2) Dose/MU will decrease

‘33 Dose/MU will remain the same
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16.

A double flattening filter is used in a linac to (5 point)
1) make the beam flat

2) reduce photon contamination

3) reduce low energy electrons in beam

4)

5)

In the diagram below, angle theta for the isodose line shown (%age of isodose line was not
given) will be: (10 point)

1) 150
2) 250
3) 350
4) 450
5) 490

L8

A 0.10 uCi source gives 12000 cpm in a well counter. What is the maximum cpm allowed
by the NRC for a Co-60 wipe test? Ignore background, statistical fluctuations in counts
and in instrument. (5/10 point)

answer: Allowed is 0.005 uCi. 12,000/0.1 x 0.005 = 600 cpm.

A magnetron in an ordinary linac operates at the peak power of: (5 point)
)1-2kW

2)2-20kW

3) 20 - 200 kW

4) 200 - 500 kW

5) 2000 - 5000 kW

Patient is treated with 3 fields, SSD treatment, each at 100% at dpay. A dose of 200 rad is
prescribed to the 238 rad isodose line. What is the given dose from each field? (10 point)

A treatment plan calls for a 30 wedge in the beam. After three treatments, it was found
that the wedge was facing the wrong way for 1 of the 3 treatments. The angle of the
isodose was planned to be 300, but will now be for the combination of the 3
treamments. (10 point)

1)100 2) 150 3) 200 4)250 5) 300

- The flamess of an electron beam is most dependent upon (5 point)

1) position of photon field defining collimators
2) material the cones are made of

3) thickness of the electron foil

4) energy of the electron beam
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23.  The SFD = 125 for a simulator; 100 cm SSD treatment field size measured on the film is
1.9 x 9.6 cm. The blocking tray on the linac is 65 cm from target. What will be the field
size at the bottom of the tray? (10 point)

answer: (1 x5 cm)

The Eq =20 MeV for an electron field. What will be the mean energy of the beam at a
depth of 6 cm? (S point)

The dose for a V-film is (5 point)
1) 0.05-0.2 Gy

2) 0.8 -1.5Gy

3)

4)

5)

Calculate the SAR for the horizontal beam at X. Ignore off-axis factor. (The SARs for
various radii at this depth were provided. Depth was 5 cm. (10 point)

RLoCK

X
ROy ] }
2 d | > 15 7

Q-

A bubble is noticed near the top of the Hg column in a barometer. Which of these is
definitely true? (5 point)

1) if the bubble is removed, the pressure indicated will be lower

2) the barometer must be recalibrated before use.

3) air has entered the column

4)

5) any of the above is possible

A wedge (shown) has a sloping surface which is covered[?] by an 8 x 8 cm field. The
wedge is used to treat a 10 x 10 cm field as shown in the diagram. What will be the hottest
point in the treatment field? (10 point)
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29. The decrease in neutron fluence for a 5 meter maze is by a factor of ? (5 point)

30.  The average exposure rate and max exposure rate at 1 cm from Co-60 teletherapy units'
head is given. The activity of the source in the unit is given. What source strength is the
head rated for? (10 point)

31.  Given the initial dose rate of an I-125 permanent implant, what will be the total dose
delivered? (5 point)

For questions 32-36 you're provided with a PDD table with BSF and a TMR table for a 6 MV
linac. The output graph at 100 cm SSD at dpax is also provided.

32. Calculate MUs needed to deliver 300 cGy for an AP field 5 x 10 cm, at a 5 cm depth; SSD
technique. (10 point)

33.  Calculate dose delivered to a point 10 cm deep for the above field using PDD. (10 point)

34. A treatment delivered a 125 SSD; calculate MUs required to deliver 200 cGy to a point 7
cm deep for a 12 x 15 field. (10 point)

35.  Calculate MUs required to deliver 200 cGy for an isocentric treatment using TMRs from
12 x 15 anterior field at a depth of 10 cm (Separation = 20 cm). (10 point)

36.  Calculate dose to cord which is 4 cm from posterior edge from both AP and PA fields.
(10 point)

For questions 37 - 43 you're provided a TAR and PDD table with BSF. Co-60 unit; Dose rate at
80.5 cm under full scatter conditions given.

$
37.  Calculate TMR for given field size and depth. (10 point) i
Rl

38. (10 point) bR,

. p :g&.'::? Scor 2 et

(10 point) - RIS ‘

. —~ oy
(10 pomt) (@ Lo 2_)
(10 point) — 72 cnr 4

Calculate PDD under the block at a depth of 5 cm. Ignore block transmission. (10 point)
<5' EE RLIC. RS v¢:’>

(10 point)

How many TVLs are required for a Co-60 unit's beam stopper shielding? (10 point)
M1 )2 33 @44 (35
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Questions 61 - 160 were T/F type for 2 points each. They were in groups of 5; i.e., a statement
followed by 5 questions. Thus there were 20 groups of 5 questions each. Each group dealt with
a specific topic.

Questions 61-65: in a linac

61.  All linacs have at least one magnetron.

62.  Inatraveling wave linac, the particles gain energy only in the drift cavities.
62. Ina6MYV linac, the target, magnetron and thyratron are not water cooled.
64.  The magnetron's frequency can be changed by +1000 Hz.

65.

Questions 66-70: 2 people want to compare their barometers.

66.  The comparison should not be made if a storm is expected between the 2 facilities.

67.  Comparison should be made at more than one point.

68. If the two don't match and it is later found that one is correct, then an additive correction
can be applied to the incorrect one.

Questions 71-75: In an aneroid barometer:

71.  Some of them, in case of a large pressure change, can move around more than one circle.
72. A temperature correction must be applied to the reading.

73.  Incase the high pressure gas in it leaks, it must be repaired and not used.

74.  Care must be taken regarding its physical orientation when used.

75.

Questions 76-80: NRC requires that a full calibration be conducted whenever:
76. A primary wall shielding is changed.

77.  The teletherapy physicist on the license changes.

78.  The license is renewed.

79.  When work is done on upper collimator.

Questions 81-85: NRC requires that:

81.  Co-60 source be wipe tested every 6 months.
82.  Source changed every S years.

83.  Inspection be an OEM employee every 5 years.

gésl The Co-60 wipe test also test for leakage of Uranium in depleted Uranium collimators.



86.
87.
88.
89.
90.

91.

96.
97.

98.
98.

106

100.

-

107.
108.

109.
110.
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Questions 86-90: What instrument(s) does the NRC consider O K. for leak testing of a Cs-137
source.

GM counter survey meter.

Large volume ionization chamber survey meter.

Nal crystal with a PMT tube and a single channel analyzer.
A Ge crystal with a multichannel analyzer.

Questions 91-95: For I-125 brachytherapy seeds:

The dose rate drops linearly with distance because the inverse square law fall is made up by
scatter.

The (?) activity is greater than actual activity.

Can give off radioactive gas if punctured.

Questions 96-100: In hyperthermia

The temperature measuring device only causes a problem if it conducts and gets
overheated.

In microwave heating at depth, the dose absorbed is inversely proportional to water
content.

Ultrasound is used for heating whenever there is an air gap or bone present.

SAR is measured in units of with

Questions 101-105. The Clarkson integration calculation can be readily used
101.

102.
103.
104.
105.

To get an isodose plot for an off-axis point.

Questions 106-110: Regarding wedges

They can only be used in pairs.

A 450 wedge made for 10 cm field will have a greater attenuation than one made for an 8
cm field.

A wedge made of Pb will be thinner than a wedge made of copper for same field size and
beam energy.

In regular clinical practice, a wedge angle of 1800-(2 X theta) gives the best results.
One can simulate any wedge angle with a combination of an open field and a 450 wedge.
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Questions 111-115: Regarding shielding for a simulator:
111. More than 1/8" Pb or more is usually not required.
112. Pbis usually attached on the wall board.

113. 1/8" Pb glass is equivalent to 3 mm Pb sheet.

114.

115.

Questions 116-120: In the isodose computer plot shown below

116. The angles labelled R are artifacts.

117. Pis actually smooth.

118. Qis actually continuous

119.

120.  You can tell the computer algorithm used by looking at the plan.

Question 121-125: Packaging of Ir-192 sources before they are shipped back by the hospital to the

supplier:

121. The package requires a yellow III label if surface dose rate is greater than 50 mR/hr.

122.  The papers required for shipping have to be DOT pre-approved and is the hospital's
responsibility.

123. The package has to be DOT approved.

124.  If the source has been leak tested by the manufacturer, the hospital need not do anything
else.

125.

Questions 126-130. An NRC surprise inspection of a licensee's practice

126. Can take place outside of working hours.

127.  Can be unannounced.

128. Itcan check activities being conducted and correlate them with letters to the NRC written by
the licensee and previous inspection reports.

129.

130.
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Questions 131-135: A survey meter is calibrated with a 30 mCi Cs-137 source in air. It can be
used to:

131.
132.
133.
134.

135.

136.

Measure P-32 exposure rate.
Measure exposure rate around I-125 brachytherapy patient.
Survey a room for shielding when conducted with a portable x-ray unit inside the room.

Survey a contact therapy unit room for shielding when conducted with a Co-60 source kept l
in the room.

In a rotational therapy treatment plan, the wavy lines near the isodose lines near the surface
are due to the effects of opposing fields.



December 15, 1992

Peter J. Rosemark, Ph.D.

Cedars-Sinai Comprehensive Cancer Center
8700 Beverly Boulevard

Box 48750

Los Angeles, California 90048-0750

Dear Peter:

I was recently notified that I passed all three sections of the ABR
written examination, so the following points may have some merit.

Take the course, "Physicists [sic] Review in Radiation Oncology
Physics." Itis given at

University of Texas Health Science Center at San Antonio
Continuing Medical Education

7703 Floyd Curl Drive

San Antonio, Texas 78284-7980

Telephone: 512.567-4444
FAX: 512.567-6964
The course director is Robert G. Waggener, Ph.D. 512.567-5597
The blurb about him states
Dr. Waggener served on the ABR Physics Exam Committee for
10 years, ABR Physics Committee for 4 years and the
ABR Therapy Written Exam Committee for 6 years. He

participated in the initial development of the American Board
of Medical Physics.



The one-week course covers the basics necessary to pass the exam
given by "...different instructors with extensive backgrounds in
radiation oncology physics and experience with board
certification..." It also includes a coursebook with approximately
900 questions and answers. The course is good for several reasons:
(1) it creates an oasis where one can focus one's attention on the
subject matter without constant interruption; (2) it brings to light
areas of weakness that need remedial attention; (3) it is a class
environment where one can speak with the lecturer and classmates
during breaks; and (4) one can socialize with classmates after class
to reach a better understanding of the material presented.

The ABR provides outlines of the material to know for the exam.
Review the outlines carefully.

The written examination tests for
retention,
rapid recall &
stamina.

Know how to convert everything to SI units and work problems in SI
units.

Know dosimetry to the extent that the physical basis of Aeq can be
described.

Physiology should be known to the extant that the major organ
systems as well as their functions are committed to memory. For
example, one should be able to identify the islets of Langerhans, the
master gland of the endocrine system and the circulatory system
including the chambers of the heart with respect to oxygenation of
the hemoglobin among other things.

Anatomy should be known to gross detail including the sensory
organs and major systems. For example, a question asking one to
identify parts of a knee joint included bones, soft tissue and insertions

should not be a problem; not all of the choices presented pertained to
the knee.



Radiation biology should be learned to the extent that the principle
reactions, methods and time-frames of interactions are known on
microscopic and macroscopic levels; know cell cycles, susceptible
organs, end points, dose levels for various effects including organism
death and cell death, and the basic principles of therapy. Know the
chapter summaries of Hall's text.

Statistics should be learned to the extent that the difference between
Poisson and Normal distributions are known and why Normal
distributions are used when radioactive decay is described by a
Poisson distribution. Know the standard deviation of a Poisson
distribution and when the difference between two means is
significant. Identify and have a working knowledge of t-tests and
Z-scores.

Shielding should be known to the extent that specific problems can be
solved when characteristics of a machine are given along with
measurements outside of the treatment room. Know how to convert
to units that used by the low-energy and high-energy cases for the
primary, secondary and scattered radiation formulae. Know maze
design principles for photons and neutrons.

There were three examinations as follows:

Day #1
General Radiological physics 3 hours
Clinical aspects 1 hour
Day #2
Practice of Radiological Physics 3 hours

Structure of the examinations is all multiple choice; no essay
questions were presented. However, the questions in the beginning
portion of an examination require one to solve a problem worth
maybe 20 points. If one is sloppy and does not include all factors in
order to save time, then haste makes waste for incomplete answers
seem to have been on the choice list for some of the problems. Work
thoroughly and swiftly, but be sure not to waste time on these



problems. If the problem cannot be solved quickly, then drop it and
keep on going. The questions at the rear of each examination are
worth maybe 5 points; however, one can easily identify the correct
answer by inspection if the answer is known. So, one strategy that
suggests itself would be to quickly read over the entire examination
to locate the easy throw-away questions and then get them behind.
Next go to the weighty problems in an assembly-line fashion with a
firm time-limit on each problem.

One point of note. The rules state that no programmable calculator
can be used. For those who use Reverse Polish Notation calculators,
this is bad news because Hewlett-Packard only manufactures
programmable RPN calculators. Perhaps if the ABR Physics section
were to be made aware of this problem and that Hewlett-Packard
calculators have a clear-program function, then this nuisance could
be avoided in the future.

Suggested material:

The Physics of Radiology
Johns & Cunningham

The Physics of Radiation Therapy
Faiz M. Khan

Radiobiology for the Radiologist
Eric J. Hall

ADVANCES IN RADIATION ONCOLOGY PHYSICS
AAPM Monograph No. 19

CLINICAL ONCOLOGY

FOR MEDICAL STUDENTS AND PHYSICIANS-
A MULTIDISCIPLINARY APPROACH

Published by the American Cancer Society



The Anatomical Chart Series

by Peter Bachin & Ernest Beck

A Comprehensive collection of classic Anatomical Charts
in a New Desk Size Version

Published by

The Anatomical Chart Company 800.621-7500
8221 Kimball

Skokie, Illinois 60076

For those people fortunate enough to have a Macintosh computer,
the MicroMath MMCalc calculator works in both algebraic and
Reverse Polish Notation. Also it has several hundred constants with
the capability of the user adding more. In addition, it can work with
common units and convert those units to SI units. For example, one
can divide 10 Joules by 0.25 kilograms and obtain the answer in SI
units. The calculator carries out complex arithmetic, Gaussian
arithmetic including the resulting standard deviations, statistics and
calculates the number of days between dates for decay problems. It
can evaluate virtually any polynomial that you write and reevaluate
the function after some of the values of the independent variables
have been changed; this may be more convenient than bringing up
an EXCEL spreadsheet. It has many other functions as well. Think
of it as the Swiss Army knife of Macintosh calculators that can be
brought up while running any other program.

MMCalc
MicroMath Scientific Software
Salt Lake City, Utah 84121
801.943-0290
Thank you for providing the review material for the ABR

examination.

Sincerely,



ABR EXAM 22-23 SEPTEMBER 1993
THERAPEUTIC RADIOLOGY

I. The first part was one hour of clinical questions. They were
very easy and mostly consisted of questions related to
physiology. There were no radiographs or CT’s where you had to
identify the organ. A review of basic anatomy and physiology
would be necessary to pass this part.

Some of the areas of interest/questions were:

-parts of the ear

-parts of the eye

-function of cones and rods (which were more abundant)
-blood flow through the heart (oxygenated, not oxygenated)
-organs in the mediastinum

-hormones produced by the thyroid gland

-what cancers are malignant

-mets from breast cancer occur where

-facts about the thymus gland

-where is the circle of Willis

-lymphatic system

-identify proteins and amino acids and what are their function
-what is the cell permeable to

-some sort of ejection fraction volume

-how many liters of blood in the body

-what is the most radiosensitive stage in the cell cycle
-what is the transfer protein in the cell

PART I: (General) Was a mix of questions ranging from basic
physics on up. Included multiple choice and true and false with
about five true and false questions about one subject. They were
weighted differently (note this in the exam booklet). I did the
true and false first to get me through the initial panic.

There were alot of general diagnostic questions mixed in,
especially in the true and false. A review of Christenson would
be necessary.

-electricity, Ohm’s law, circuits in serial, parallel, batteries
in series

-car on a bridge 20 meters long. How much does it weigh to
either side if it is 7 meters across the bridge.

-~angular momentum

-compton equation for photon and scattered electron
-secular and transient equilibrium equations
-~electromagnetic radiation (frequency, wavelength, velocity)
-kerma calcs

-decay schemes, calculate energy

-grams to atoms

-conversion to AMU in calculations

-charge on a 10 -6 cc chamber exposed to 10 mR

1



-HVL of 100 kev photons from an x-ray machine

-many HVL, TVL, u, T 1/2 calculations

-how far will a 3 MEV beta particle penetrate the skin

-given film sensitometry strips to calculate OD and gamma and
speed of film

-optical density calcs

-neutron calcs (how many are produced from linear accelerator)
-calculation of biological and effective half life

-MIRD type calculations

-counting statistics (standard deviation of the counts)
-general questions about hyperthermia (need to know the basic
theory and precautions)

-alot of general diagnostic questions in ultrasound, MRI,
contrast, film, processors

PART II - MEDICAL PHYSICS

Divided into three sections of multiple choice and true and false
with the multiple choice weighted differently. The middle
section was the most difficult and time consuming. Again went to
the true and false first.

-Co-60 PDD tables, linac TAR and TMR tables given had to
calculate isocentric TMR treatment, dose to spine given a dose at
isocenter, PDD calc to depth beyond isocenter. Had to manipulate
data and use correct charts to calculate dose in air and convert
to dose in phantom. Most calibrations were at dmax.

-Extended SSD calculation

-calculate penumbra from Co-60 source

-size of an object in a tray to project a certain size at 100 SSD
-gap calc

-table kick and collimator angle for cranio-spinal set up
-shielding calcs all in TVL for primary, scatter and leakage for
diagnostic unit, Co-60 and linac

-neutron shielding in a door

-length of a maze

-shielding for a safe containing Cs and Ra.

-along and from calcs for tandem in Cs insertion.

-Co-60 timer error calc

-virtual S8SSD calc

-depth dose curves from scanning water phantom-what were wrong
with them (gantry not at 180, probe not level, collimator
rotated...)

-shielding of a box for shipping to reduce dose to 2 mr/hr
-electron calibration questions

-Rp, range for electrons

-effective path length calc for inhomogeneity

-TMR missing tissue calc for compensator

-treated at incorrect SSD what is the percent error

-treated on wrong unit 6/100 rather that 12 MeV unit what is the
error



-treat on a linac and transfer patient to Co-60 80 SSD, what is
the change in field size
-effects of wedging
-showed scanned wedge profile (what’s wrong with this picture)
-gcatter and leakage from accelerator and Co-60
~-calculation of dose from exposure
-brachytherapy equivalent doses to Ra-226
-doses at bone and tissue interfaces for both photons and
electrons
-true and false questions:
-TG-21 protocol for photons and electrons
-electrons
-depth dose (field size, SSD, depth)
-hyperthermia
-NRC regulations
-Quality Management Program questions
-occupational exposure limits (old standards)
-dosimetry (Fricke, parallel plate)
-parts of a linear accelerator and their function
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GENERAL

1. Given a copper coin 3 ¢m in diameter with a 3 mm diameter hole
in the center, if the coin is heated to a temperature of _____° and the
coefficient of linear expansion is , what is the size of the hole?
A, 2.995 mm
"B, 2.998 mm
C. 3.0mm
D. 3.002 mm
“E. 3.005

2. We were given the decay scheme for Na-22 to Ne-22 and asked
for the energy is MeV for a given part of the scheme. I don't think
there was any right answer, Everyone I talked to was baffled, as
none of the multiple choice answers could have been right. ‘

THERAPY
1. What would be the barometric pressure if you went from sea
level to 1 km height?

A. 720

B. 740

C. 760

D. 780

There were lots of TMR/PDD questions using tables to solve the
problem.

DIAGNOSTICS .
1. Five True/False questions on lithotripsy.
2. Five True/False questions on screens-very basic on what they do.

) 3. The Fourier Transform of this




would look like this
A. B. C. D.

4, Given and ROC study with these results
" 30 True Positive
40 False Positive
10 True Negative
20 False Negative
what is the specificity? ( There were 4 multiple choice answers.)
what is the sensitivity?

5. Given a 10 cm CT chamber, 10 mm slice thickness, 10 mm step
increase for 10 slices, the chamber reading is 300 mR, what is the
slice dose?

6. For the same chamber, slices changed to 5 mm slices, 5 mm step,
what is the slice dose?

7. Needed to know Intensity~ (KVp)2

8. Needed to know 15% increase in kVp, then cut the mAs in half to
get similar image quality/density.

9, True/False, are these chemicals in the developer?
A. Sodium thiosulfate
‘B. cellulose nitrate
'C. hydroquinone
D. sodium sulfate
E. potassium bromide

10. Needed to know imaging CSF in MR- concerning T1 and T2
weighted images.



Peter Rosemark, 15th Oct.94
Radiation Therapy,

Ceders-Sinai Medical Center,

8700 Beverly Blvd.,

North Tower, Lower Level,

Los Angeles, CA 90048.

Re: ABR exam

Dear Peter,

I have just taken the written radiation therapy physics boards, and
am devastated by the difficulty of part I. The first exam, called "clinical
physics” was 100 multiple choice questions in 1 hour. A far greater number
of questions were on physiology than anatomy, but unexpectedly, I found
this exam the easiest of the three. Part I was fiendishly difficult with very
few questions related to radiation therapy, but a large number related to
diagnostic imaging procedures. I found part I ludicrous, and many of the
questions ill-worded, ambiguous and totally unfair. In fact, there was a mis-
numbering of the last 5 questions, which should have been from 146-150,
but were printed as from 151-155, leaving us in some doubt as to where to
answer them on the answer sheet. Two of the questions had diabolical mis-
prints leaving the examinee in total confusion. Part II on Radiation Therapy
Physics was very tough, but for the most part fair. Part I and II are 3 hrs
for 150 multiple choice questions, which is about Imin 10 secs per question.
I found this far too short, since 50% of the questions were calculational, and
many non-trivial. The time pressure is therefore immense, and its like
taking an IQ test and not a medical physics exam. The format of each paper
was approximately 60% multiple choice questions, and 40% true/false
questions. The latter true/false questions were much easier than the
multiple choice ones, but carried much less weight, i.e. only 2 points per
correct answer instead of 5 or 10. My advise is to jump to the second half of
the questions, and do them first and then to come back to the first half later,
since the hardest questions tend to be at the beginning, and some of them
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took me 5 minutes to perform, only to find that I got an answer which didn't
agree with any of the 5 answers provided.

I am writing a letter of complaint about part I to the ABR, since even
the exam session proctor agreed that the number of misprints should have
been eliminated in the proof reading. Many people had questions to the
proctors about the wording of certain questions. The information in the pink
booklet about the questions not requiring a calculator is a lie. Without a
good calculator, it would be very tough to do at least half of the questions,
unless you can do exponentials and cosines in your head, which perhaps is
expected of a good medical physicist these days!

I was under the false understanding that if I knew Khan, I would pass
the boards. Half of the questions were not or very peripherally touched by
Khan. After seven years as a medical physicist, nothing could have prepared
me for these board exams.

I have attempted to remember as many of the questions as I can, but

the whole thing is a hazy mess in my mind. Therefore excuse me if some of
the questions don't make complete sense.

Best wishes



- Clinical Physics (Anatomy and Physiology)

Multiple choice

1) What structure in the eye contains the sensory cells for vision?

2) In which body structure can you find the anvil, stirrup and
cochlea?

3) Which is the best diagnostic modality to detect multiple sclerosis?
4) Which is the best diagnostic modality to detect a slipped disc?

5) What is the prime function of the colon?

6) What is the function of the gall bladder?

7) Where is the pancreas located relative to other major organs?

8) What is the procedure called to repair a tubular fraction?

9) Which disease is most commonly associated with a vitamin C
deficiency?

10) What of the most radio-sensitive structure of the digestive
system?
A stomach B small intestine C colon D rectum E pyloric
sphincter

11) Which tissue type is the most sensitive to radiation in the body?
A GI tract B skin.C hematologic D CNS E lung

True/False
Which of the following are important ingredients of blood?

50) sodium
51) manganese
52) urea

53) fibrinogen
54) iron

55) calcium



Which of the following functions are performed by the kidney?

56) water resorption

57) electrolyte balance

58) bile excretion

59) regulation of blood pressure
00) detoxification

Which of the following organs are to be found in the mediastinum?

61) vena cava
62) esophagus
63) lymph nodes
64) kidneys

65) diaphragm

Which of the following are proteins?

66) hemoglobin
07) triglyceride
68) collagen
09) aldosterone
70) amylase

Which of the following are ball and socket joints?

71) elbow
72) knee
73) hip
74) wrist
75) ankle

Which of the following are malignant neoplasms?

76) hematoma

77) adenoma

78) craniopharygioma
79) melanoma

80) colorectal polyps



Part 1

Multiple choice

1) A truck is traveling 20m/s on a 30° incline and weighs 20
kilonewtons. If the coefficient of friction is 0.6, what distance will the
truck travel before coming to a stop?

2) What is the angular momentum of the moon? The mass of the
moon and the distance from the Earth to the moon are given?

3) An ion chamber exposed to a radiation field of 10R/min produces

a current of 1 nanoampere. If the density of air is 1.293E-3 g/cm3,
what is the volume of the chamber?

4) The focal length of a lens is 17cm. If an object is placed 5cm from
the lens, between the lens and the screen what is its magnification?

5) What is the indefinite integral of e-aX?

6) The exposure rate from a source is 10 R/min at 1 meter. How
many half-value layers are required to reduce the exposure rate to
.<10mR/hr at 8 meters from the source?

7) The door to a new radiation therapy facility is installed backwards
so that the steel faces inwards and the borated shielding material
outward. The largest dose to a radiation therapist at the console
would arise from:

A) 10 keV neutrons B) 10 keV photons C) 500 keV photons D)
2MeV photons E) 10 MeV photons

8) A photon is scattered by 135° by a Compton interaction. The
scattered photon has an energy 400 keV. What was the energy of the
incident photon? (No equations given).

9) A source when counted in a well scintillation counter gives a
reading of 5,000 counts in 30 secs. The background counts in 2
minutes is 500 counts. What is the standard deviation of the
determination of the source activity? :

10) A scintillation detector gives a reading of 5,000 cpm per
microcurie of sample A and 14,000 cpm per microcurie of sample B



with a fully open window. Two unknown mixes of A and B are
counted with two separate windows. The readings were as follows:

window 1 window 2
mix 1 5,000 25,000
mix 2 40,000 0

What is the activity of sample A ?

11) You are transporting a brachytherapy iridium source. The
exposure rate at 1 meter from the pig is 50 R/hr. How much extra
shielding is required to reduce the output so that it falls below a
transportation index of 10. (I had never heard of this term before,
and nor had anyone else who participated in the exam with me).

| 12) The total energy of P-32 is 1.17 MeV. What is the mean neutrino
energy? (I thought this may have been a misprint, since the total
energy of decay for P-32 is 1.71 according to my recollection).

13) What is the energy of a KM Auger electron emitted by copper?
The binding shell energies were given.

14) What is the heat generated in a rotating anode, given its
dimensions? The operating kV and mA were given and the specific
heat of the target material.

15) A 24g cobalt-59 target is placed into a reactor with a neutron
flux of 1013 neutrons/cm2.s. How long will it take to generate a 20 Ci
source? The cross section of the (n,y) reaction was provided.

16) Continuing from the last question, how long will it take before
Co-60 reaches 80% saturation?

17) the lasers used in a CT unit are usually
A) helium B) argon C) YAG D) carbon dioxide E) other

18) What is the Larmor precession frequency of a proton in a 2 Tesla
magnetic field?

19) Given 1010 cells, and the mean lethal dose is 100 cGy, how
much dose must be given to ensure only a 1% probability of 1 cell
survivor?



20) Given the D37 = 150 cGy and the D = 100 cGy of a survival
curve, calculate the extrapolation number?

21) What is the principal cause of the shoulder on a survival curve?

22) What is the maximum permissable dose to a fetus?

True/False

Relative to a high frequency diagnostic X-ray tube, which of the
following about a diagnostic machine operating with a 3 phase power
supply are true?

50) image contrast is greater

51) amount of heat generated in the target is greater
52) efficiency of the tube is greater

53) focal spot is larger

A gamma camera operated with 512*512 compared to 256*256
pixels has?

54) greater source resolution
55) greater signal/noise ratio
56) requires a greater computer capacity
57) improved image contrast

A patient is given a 100 mCi dose of P-32 as an outpatient procedure.
Which of the following recommended guidelines are true?

58) the regulations governing patients administered P-32 is the same
as brachy patients adminsitered I-125 implants

59) the patient should be advised to sleep alone for the first few
nights

60) the patients sheets should be washed separately from the rest of
the family

61) visits by children less than 18 years should be minimized

62) the patient should use a separate toilet

A teletherapy unit uses a uranium collimator. Which of the following
are true?

63) it is made from natural uranium
64) it is under NRC regulation



65) tapping holes in the collimator is unsafe
606) regular surveys of the collimator activity are mandated

For a simulator, which of the following are true?

67) the grid ratio is 1:16

68) a timer is mandatory on all fluoroscopy units

09) there are mandatory exposure limits for simulator techs working
in front of a fluoroscopy unit.



Part 2

Multiple choice

In this section there were a large number of monitor unit style
calculations similar to the type in the Raphex books. Most were
straightforward, although a few had some tricks in them.

1) What is the current definition of point A?
2) What is the definition of the wedge angle?

3) A full brachytherapy source infantry is required every?
A) month B) 3 months C) 6 months D) year E) 2 years

4) How would you determine the TMR at 20 cm depth given a TAR
table for the appropriate machine?

5) This 3 field question, I spent 10 minutes on, and am still not sure
I know how to do it.

A 3 field pelvis is planned by hand. The anterior field is normalized
to 100% at Dmax, and the 2 lateral fields are normalized to 70% at
Dmax (wedge factors =0.7). Given that 200 cGy is delivered to the
135% isodose line, what is the dose given through the anterior f1e1d7
The figure below was given with no further information.




6) A room next to a radiation therapy room has use and occupancy
factors of 0.25. 50 patients are treated per day at a dose rate of 400
MU/min. When the machine is operated at 200 MU/min the exposure
rate is 250 R/min at isocenter. The distance to the next room is 5
meters, and the wall is designed for 8 HVL's. Does the adjacent room:
A) meet NCR requirements

B) requires no additional shielding but a radiation safety shield
must be hung on the door

C) 1 additional HVL

D) 2 additional HVL's

E) a greater number of HVL's

7) When commissioning a new linac with 6 MV and 15 MV photons
and 6 MeV, 10 MeV, 15 MeV and 20 MeV electrons, you should
determine the neutron dose for which selection of beams?

8) In a tandem and ovoid case only one colpostat is loaded with a 55
mg Ra equivalent source. What is the dose to a point X marked on
two films (you are given an anterior and a lateral film photon
containing the position of the source and the dose calculation point
with a grid overlaid to determine distances)?

9) What is the wavelength of the microwaves travelling down a oMV
linac?

10) What are the AAPM task group guidelines for the frequency
with which a treatment planning system should be checked?

11) What provides the greatest contribution to the dose from an I-
125 implant

A) gamma rays B) fluorescent photons C) Auger electrons D) beta
rays E) internal conversion electrons

12) Given a permanent [-125 implant. What is the fraction of the
dose which is administered in 38 days?

13) Why is Pion greater for a linear accelerator than a Co-60 unit?

14) Why is a parallel plate chamber preferred over a cylinderical
chamber for the calibration of an orthovoltage unit?

15) Why is a monitor chamber required on a linac?



16) What is the reason for the disappearance of the horns on photon
beam profiles at increasing depths?

17) On which electron machine is the bremsstrahlung highest? With
a single scattering foil, a dual scattering foil or a scanned beam?

18) What is the average energy of an 18 MeV electron beam at a
depth of 5 cm?

19) An unknown beta source has a range of 60 micron in tissue
equivalent plastic after traversing a 0.5 mm lead shield. What would
be the range of the beta particles in plastic if the lead shield were
removed? (the density of the plastic was given but not of lead).

20) What is the kerma of a 10MV beam, given a photon fluence of
109 and ptr/p = 0.0320 cm?2/g and pen/p = 0.0315 cm?2/g?

21) Calculate the correction factor for the dose to an off-axis point at
a depth of 5 cm for a 100 cm SSD treatment, if there is 3 cm of
missing tissue? Use the effective SSD method.

22) What is the energy of an electron beam whose R5(0 is 18 cm in
water?

23) What is the ratio of the dose to a point behind a heterogeneity of
1cm thickness for an electron beam vs no heterogeneity given the

density of the heterogeneity is 2.5 g/ cm3 relative to water which is
1.0 g/cm3, and the electron density of the heterogeneity is 3*1023
electrons/g relative to water which is 3.34*1023 electrons/g?

24) Using the data above estimate the same fractional dose for a
photon beam?

25) A photoelectric interaction occurs in a low Z element of tissue.
What is the most likely emission from that atom

A) A characteristic x-ray B) an Auger electron C) a u.v. photon D)
visible light E) a neutron

True/False

When commissioning a set of new wedges, which of the following
must be measured?



50) wedge factor vs. depth

51) wedge factor vs. field size

52) wedge factors off-axis

53) wedge factors for the averaged chamber reading at 0 and 90
degrees

54) wedge factors for the averaged chamber reading with the
collimator at O and 180 degrees

According to TG40, which of the following should be measured
monthly?

55) rad/light coincidence
56) output at different gantry angles
57) centricity of wedge trays

For an ultrasound hyperthermia unit, which of the following is true

58) ultrasound is reflected from air bubbles

59) the tissue penetration of ultrasound decreases with increasing
wavelength

60) the depth of the penetration of the usable beam increases with
increasing size of the applicator

01) a non-conducting temperature probe does not conduct electricity

When calibrating a linac with an ion chamber, according to TG21
guidelines, in an acrylic phantom compared to water which of the
following are true?

02) the light field on the surface of water and phantom are the same
63) the light fields at the chamber depth are the same

04) the water and phantom surface must be at the same distance
from the source

65) the phantom size must be at least 15 cm diameter

When comparing a Geiger-Mueller to an ionization chamber radiation
safety monitor, which of the following are true

66) has more expensive electronics

07) is more sensitive to damage if roughly treated

68) is the instrument of choice for tracing a lost brachytherapy seed
09) exhibits a higher sensistivity for instruments of the same size



When a film badge is manually read-out instead of automatically
which of the following are true

70) it can be determined whether the radiation source was anterior
or posterior to the patient

71) if the TLD machine breaks down, there is a method to recover
the signal by manual read-out

72) the read-out can be altered if it is dropped

73) the read-out can be altered if it becomes dirty



ABMP Radiation Therapy Part II 1994 (Annaheim, CA)

These questions were recalled by a group of Wayne State graduates while eating a delicious Chinese meal after
the test. I found the questions recalled by others in past years VERY helpful - and if you are using the study
guide I hope you take the time after your wonderful test taking experience to write down what you can
remember for the future generations of victims (including yourself in the unlikely event that you have to retake
it).

We had 3 hrs 50 min to answer 151 questions. 1 did not have a time problem (I had over an hour to spare after
going through all the questions once) - but some of the others just finished the test. Not that going fast is good -
while the discussing the questions I realized that I had missed some key points of questions (i.e. question
requested acute and not the late effects, the use factor was requested for the nursing station ABOVE the room).

The questions are not in any particular order. The K type answers are not in the correct order either. The
asterisk (¥*) marks indicate the answer we think is correct. Have fun. (P.S. - I think we all passed!!!)

1. Field matching problem
Given: thickness of patient at the adjacent fields: 18 cm
thickness of patient at gap junction: 20 cm
field size, SSD(?) setup, mid-depth

Calculate the gap on skin if fields match at middepth.
5. For 1 mCi Au-198, what is the total dose delivered in mg-Ra-eq-hr

3. For [-125 permanent implant which delivered 12,000 cGy total dose, what is the dose delivered after 4
months? (9000 cGy)

4. What is the isotope effective for bone mets?
(@) 30 mCi I-131
(b) 4.0 mCi Sr-90

*k (c) 4.0 mCi Sr-89
d P-32

5. Primary beam stopper should have what % transmission:
ik @ 1%

® 1%

© 10%

6. Which organs are present in the treatment of the stomach (K type)
(1) liver
(2) spleen
(3) spinal cord
@) 1t kidney

7. The original isocenter for the treatment of lung was placed at midline of the patient. If the isocenter is
moved laterally to the center of the target volume, the dose would increase to (K type)

(1) contralateral lung

(2) ipsilateral lung

(3) target volume



8. The incidence of pair production,
(a) increases with E and with Z
(b) increases with E? and with Z?
(¢) decreases with E and with Z
(d) decreases with E? and with Z

9. The purpose of the following for stereotactic (K type)
(1) MRI to see lesion
(2) MRI to see function of tissue
3) CT
(4) digital angiography less distortion

10. For total skin electron irradiation, the purpsoe of placing Pb shielding on nails is (K type question)
(1) there is disease under the nail @ the beginning of stages
(2) oblique incidence of electrons damage nails
(4) high Z material of nail

Match the constant with what would uniquely be needed for calculations of the following factors
(a) exposure rate constant
(b) inverse square
(c) 8.25
(d) .876

(11) energy absorption rate
(12) radium equivalent
(13) air kerma rate

(14) For 500 kVp - 10 MV - what are the interactions in this range?

(a) lowest end of compton
(b) highest end of photoelectric

(15) For 25 MV photon, what do you need to shield against (K type)
(1) slow neutrons
(2) gamma
(3) fast neutrons

Match the fractionation scheme with its characteristic
(a) conventional radiation therapy
(b) hypofractionation
(c) hyperfractionation
(d) accelerated repopulation fractionation

(16) higher prescribed doses (c)
(17) more dose over shorter period of time (b)
(18) one fraction per day (a)

(19) Limit of leak test of sources in Bq (185 Bq)

(20) The amount energy absorbed by 1 g of tissue receiving 100 cGy
(a) changes with photon energy

(b) changes with e- energy

(d) same for all photons

k%




(21) What would cause signicficant change in the dose rate of output of a lienar accelerator (K type)
wk (1) shift in flattening filter

(2) defective MU jonization chamber
*% (3) PRF changed

(22) Characteristics of microwave generation in linac (K type)

** (1) magnetron produces microwaves
(2) Frequency range 3000 kHz
** (3) Kklystron amplifies microwaves

(23) For 6 MV photons (K type)
(1) frequency of microwaves 3000 MHz

(2) change energy

(24) What are table requirements for radiosurgery?
(1) accurate vertical movement
" (2) accurate horizontal movement
*k (4) table isocentricity

(25) To convert 0O.D. to dose for an aperture smaller than 1mm for a film scanner, need to know (K type)
(1) sensitometric curve
(2) effective Z of the film
(3) stopping power fraction @ depth (?) of e- in the film (?)
(4) W/e for film

Match the scaling factor for e- with the material
(a .975
® .99
(c) 1.00
(@ 1.05
(e) 1.15

(26) clear polystyrene

(27) condensed polystyrene (white?)
(28) solid water

(29) acrylic

(30) For a tissue compensator made of equivalent thickness of tissue (K type)
*k (1) overdose past the depth of calculation
*k (3) dimensions of compensator minimized

(31) What are the acute effects for craniospinal irradiation (K type)
Q) low IQ
(2) alopeia
(4) nausea and vomiting

(32) The cord is
*x (a) posterior to vertebral body
(b) anterior to vertebral body



(33) What is the superficial dose at .5 cm compared to the surface dose?
(@@ 70%
) 100%
) 105%
@ 110%

(34) What is the magnitude of dose enhancement for 9 MeV electron treated to depth of 2 cm
(a) 60-70%

(35) Fora70 kV superficial simulator has (K type question)
*ok (1) transmission target
Fk (3) grid to reduce scatter

(36) For x-ray production K type)
(1) cathode has high melting point
(2) generator has constant roatation (7277)
(3) most heat generated in target

(37) Point A defined (K type)
(1) 2 cm lateral @ level of colpostat
(4) 40-60 Gy/hr

(38) Portal films (K type)
(1) better with ready pack film
(2) require less MU if use cassette
(3) Co-60 has better resolution

(39) What needed to determine the size of the tumor? (asked twice, K type)
(1) TFD and target @ isocenter
(3) TED, TSD, depth

(39) 80% of field length if used to determine the flatness. The area enclosed is what % of the total area?
(a) 50%
() 64%
(c) 80%
@ 89%

(40) CT used for (K type)
(1) correct for inhomogeneities
(2) 3-D tratment planning
(3) display isodose curves in off axis slices
(4) scan @ any treatment position

(41) Shielding for IORT (K type)
(1) Pb strips
(2) cerrobend
(3) lucite

(42) Foir 5 cm erzor in setup, the % PDD change is
ok (@) 1%

(®) 2%

© 5%

d) 10%



(43) An SAD setup with 10x10 field at isocenter is changed to an SSD setup. What changes (K type)
*¥ (1) collimator setting
** (2) MU setting
(3) field size @ tumor
ok (4) field size on skin

(44) For total skin electron irradiation, you place a lucite plate close to the patient because (K type?)
(1) monitor dose rate
(2) dose uniformity
(3) minimize x-ray component

(45) ACR Physical Aspects of (Quality Assurance in Radiation Therapy?)recommends what quality assurance (K
type)

(1) wedge and compensator

(2) block cutter

(3) block device

(46) AAPM #41 HDR standard recomend quarterly check of (K type)
(1) timer error
(2) timer accuracy
(3) length of applicators

(47) Question from AAPM # 13 standards

(48) Question about what wedge factor is dependent on (K type)
(1) field size

(49) What are the late effects of Stage ITA Hodgkins disease? (K type)
(1) pericarditis (?)
(2) pneumonitis
(3) Secondary cancer
(4) alopeia

(50) Given:
Patient thickness is 24 cm thick
Distance from source to floor = 2.3 m - patient treated on floor
@ 100 SAD, the field sizes are 35 cm and 40 cm in length respectively

If the fields match at the surface of the patient, find the amount of overlap of fields at midline
of the patient

(51) If change waveguide, what would you check (K type)
(1) energy
(2) flatness
(3) output

(52) If change the magnetron, what would you check (K type)
(1) bending magnet
(2) light/radiation field alignment
(3) output
(4) flatness



(53) NRC regulations after changing the source of the teletherapy unit requires
(1) light/radiation alignment
(2) dose rate
(3) accuracy
(4) remeasure PDD

(54) For therapeutic I-131 treatment,
Given: activity, gamma constant, effective T1/2 = 18 hrs, limit must be less than 5 mR/hr @1lm
Calculate the time requried before can release

(55) For prostate treatment:
lateral separation= 40 cm, AP separtion 28 cm
What are the weightings AP/PA, and lateral (K type)
(1) 151511
2 111515
3y 1122
“4) 2211

(56) What is the appropriate approach to boost dose to cervical nodes after cord tolerance has been reached X
type)

Q) e-

(2) obliques

(3) add block to lateral fields

@) 3-field

(57) What are appropriate modes of treatment of lung CA with curable intent? (K type)
(1) AP-PA including with mediastinal and off cord boost
@ ... and limit cord dose to 45 Gy
3)
(4) Lateral fields each delivering 30 Gy

Match the use factor
@ 1
) 1/4
() 1/16
(@)
(58) nursing station above ceiling
(59) Primary wall
(60) Occupational factor of outside corridor
(61) use factor for secondary radiation

(63) TBI treatment calculation
Given: .091 ¢cGy/MU @ 350 cm
At midline, SAD (SSD?) = 368 cm and TMR = .625
At ankle, SAD (SSD?) = 356 and TMR = .89 OAX = .9
Will deliver 200 ¢Gy to midline
What is the dose to the ankle?



(64

TBI treatment (think treatment with opposing laterals)
Given: head thickness = 16 cm, TMR = .858
midline thickness = 40 cm, TMR = .56
each layer of compensator thickness transmits .9
Calculate how many layers of compensator thicknesses needed to decrease head dose?
(@ 3
®) 5
© 7
@ 9

Maich the dosimetric system best suited for the following measurements

(65)
(66)
67
(68)

(69)

(70)
an

(72)

(a) diode

(b) parallel plate ionization chamber
(¢) film

(@ TLD ()

dynamic wedge

total skin electron dose rate
skin dose

patient in vivo dosimetry

A diode (K type)
(1) better spatial resolution
(2) eV lower
(3) energy dependent
(4) tissue equivalent

K type Question of electron backscatter, and what affects it (i.e. energy, and can be as high as 60%)
What is the range of Dq for almost all in vitro systems (doses)

What is D(0) (K type)

Match the treatment with the applicator

(73)
74)
(75)

(76)
an
(78)
79

(80)

(a) prostate
(b) esophageal
(¢) cervical
(d) vaginal

Syed
Fletcher
DeClos

Patterson Parker circle (think 6 seeds of Cs-137) - need to calculate dose, or time
Minimum cerrobend thickness for 22 MeV e-
Some anatomy question which asked whether epitrochlear nodes were involved
K type question on how to lower fetal dose in mantle irradiation
(1) Use of secondary shielding
(4) treatment in an upright position

K type question on characteristics of BSF
(1) Can be as high as 25%



ABR 1994 (October 13&14) - Written Part I and Part II (Therapy)

When taking the ABR, one of the instructions is that a person will not copy the
exam or give information about the exam. I am not sure what exactly the
consequences of talking about exam is supposedly, but certainly information from
past exams helped me study for this exam, so here are my thoughts and what I
remember about the exams.

The content of the ABR seems to vary from year to year. This year Part I,
clinical (1 hr) and general (3 hrs) was given Thursday afternoon, and Part II
Therapy (3 hrs) was given on Friday morning. I think Part I and II tests consisted
of 25 fifteen (15) point questions (54 %), 100 T/F questions (2 pts each, 28 %), and
25 five (5) point questions (18 %) for a total of 700 points. Even though I felt I
knew the content of ABR Part I from the notes of previous exams, I still felt
unprepared for the exam of this year. My physics was definitely weak, but since
these questions were generally worth 15 points each, not knowing a few questions,
may impact more than I would want. If your physics is strong (they can ask so
many things!!) then you will have less problems than I did.

Comparing the ABR and ABMP,

(1) Generally, the problem solving on the ABR was more involved than the problem
solving on the ABMP. I don't recall any problem solving in Part I of the ABMP,
while Part I of ABR had problems on physics, neutron activation, etc. I found ABR
Part I more difficult than ABMP Part I. I felt pretty discouraged at the end of the
test.

(2) The ABMP Part II scope seemed to be broader than the scope of ABR Part II
(i.e. ABR asked minimal questions on the operation of a linear accelerator, no
questions on special procedures such as total skin electron treatment, radiosurgery,
HDR, or IORT). ABR Part II was practical - the calculations seemed more involved
than ABMP (i.e. to arrive at an answer you may have needed to do three steps instead
of one), but very straightforward. I had the feeling that if I did not study for ABR
Part II, I still would have been in good shape because I do hand calculations on charts
all the time at work.

The clinical portion was straight forward. I found the book The Language of Medicine
(3rd edition, Davi-Ellen Chabner) useful in reviewing the systems and the functions,
although it is probably more detailed than you will be tested on. We did not have to
identify any structures from diagnostic films (i.e. MRI or CT). Generally, you need to
know the basic functions of organs and organ systems. Miscellaneous questions I
remember:

T/F question on Kupffinger (sp?) cells
Hammer/stirrup/ are part bones of (ear)
What diagnostic test is most useful for diagnosing multiple sclerosis (MRI)
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T/F questions on indications for breast cancer
non/multiparous woman
woman who started menses late
Part I
Physics questions (either 5 or 15 point questions)
Given focal length and position of an object, calculate the lateral magnification
Given the mass of the moon and earth, and the distance between them, calculate the
angular momentum. R ) S

Summation op amp Ve —J\EI:N—-—- > hai

D
m——
—

Given capacitance, and current, calculate the time required to obtain 50 V across the
capacitor.
Given coefficient of friction, angle, and mass of object, calculate how far the block
will travel before the object stops.
Type of laser used in CT unit (15 pt question!!)
Given experiment which involved 5 measurements, a chi square table, what value
would be appropriate for a medical physics measurement.
Radiological physics questions:
At least 3 neutron activation questions:
(a) Given Cr-X1 becomes Cr-X2 with neutron activation, and the half life of Cr-
X2, calculate the time required to obtain 80% of the saturation activity.
(b) Given 40 g of substance, neutron fluence, cross section, and half life of the
daughter, calculate the activity after certain amount of time.
5 T/F on focal spot
(a) is bi-modal
(b) measurements made with pin hole is larger/smaller than with star pattern (not
sure about the question
Calculate the effective atomic number for CO2

PartII: Some questions were multi-part (i.e. you would use the MU units you calculated
from one question to determine another question). Co-60 (PDD, TAR, and graph of FSF
and 6 MV (PDD and TMR) informaton was given.

Several questions required use of Mayneord f-factor
SSD setup
(a) calculate the MU's for midplane treatment
(b) calculate the MU's if the SSD is changed
(c) calculate the cord dose for AP/PA treatment
SAD setup
(a) calculate the MU's for midplane treatment
(b) calculate the dose to the cord for AP/PA treatment
If for course of 6000 cGy 30 fx, 10 treatments receive 20% lower dose, what would

{
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Notes on questions from ABR EXAM of 14 October 1994, Atlanta, GA [sk and ml]
All questions are T/F or Multiple choice (for multiple choice, more than one right answer
possible - choose all that apply) Many required calculations to be done.

Part I - General Physics
and Clinical Questions
Day 1, October 1994

1. Effective half-life
8Sr: T("2)my = 52 days; T(Y2),, = 26 days.
How much after 26 days?
2. Committed effective dose from tritium radiation accident.

3. Majority of background radiation in United States from radon (True/False question).

4. Shielding for beta emitted in lead pig behind 1 cm of plastic.
How far does radiation penetrate the plastic?

5. Compton effect - energy of electron scattered 135°.

6. True/False about CE - Can you have more than one CE for a particular electron?
Minimum energy needed?

7. D,- extrapolation number - D = 3'¢cQy, D, =1.5

0

8. 18 MeV electron; 9 MeV electron - 0.999¢.
Velocity of electron.

O

. Flux density.
10. Count Rate =» plus background problem.
Standard deviation
Units - xCi
11. TPC (temperature/pressure correction) - 20°, 770 mm Hg.
12. Resolving time - dead time - 4 usec (?) per 300,000 cts - ¢/1-ct

13. Compton scatter: 135° - Energy =» 0.024(1- cos 8)

14. Compton scatter - general.

ABR - October 1994
S. Kirtland [file: 1870ct94.qst] 1 Printed 3 May 95



15. Molecules - number in one liter of air.

16. Radiosensitivity (relative):
small intestine
stomach
meter (?)
bladder
Place above organs in order of increasing radiosensitivity.

17. True / False Questions

a. Fission products - Uranium
Cs, Mo

b. Thyroid imaging agents:
1-123, I-125, 1-127, I-131
or Tc99m

c. Things you can tell from characteristic curve of film:
speed
latitude

contrast
MTF
spatial resolution

d. Activation by bombardment with Co-57. (May have been percent activation of Cr-52.)
e. Brachytherapy
f. Air kerma
g. MRI:
T1 - long - relaxation
T2 - transverse relaxation
h. Mammo - things you expect from Mo target:
effective energy

Use for mammo

1. Dosimeters: things you might be able to tell from reading TLD.
if exposure from background;

ABR - October 1994
S. Kirtland [file: 1870ct94.gst] 2 Printed 3 May 95



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

if TLD was overheated;
if TLD was dropped;
if exposure from single exposure.

Very little on CT.

Ultrasound - factors that attenuate beam.
mW of US beam
-density / thickness
- beam width

MRI / CT - which for seeing multiple sclerosis plaques. [MR is better.]
i

RO P /

Op Amp - summing U B /
Ot A A 00 A \

oy

Yoo

\ >

DAV VAN e
Ultrasound - 2 questions.
Pregnancy - limits for fetus
Breast CA - risk factors.
Fetal - preimplantation - growth retardation - effect of radiation.
Dose in gestation.
< 5 Rem, not higher; risk to occupational workers. Comparison.
5% spontaneous mutation rate.

Angular momentum: mom

Truck - 20 NT, 30° incline, 0.6 friction coefficient, 20 m/sec. How long before the truck

stops?

29.

30.

Percent of beam hitting 100 sq. cm. at 50 cm.
steradians.

Lithotropsy - to visualize herniated discs.
myelography
CT
MRI

ABR - October 1994

S. Kirtland [file: 1870ct94.qst]
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31. General - 2 curves
- What is average gradient?

32. Calculation problems - Count rate stuff
2 channels - Mix of two isotopes
Given count rate of A and B and readings of channel 1 and 2
How much of each isotope is in the mix?

33. Effective - dpm / cpm =P wuci and counts

34. Is radiation related to latitude?

35. Volume of chamber , 1 mA, 0.6 --, 10 R/min

36. Solid state vs gas detector - why better?

37. Temp. kcal to J conversion. cGy [ 1cGy = 1 J/kg]

ABR - October 1994
S. Kirtland [file: 1870ct94.qst] 4 Printed 3 May 95



Clinical Questions

1. Mitral valve, bicuspid valve =¥ left ventricle, pulmonary vein (circulation to the heart).

A. Blood from left atrium to left ventricle - what valve.
[Mitral valve =» left ventricle
Bicuspid valve =» pulmonary vein]

2. Flow of blood from inferior part of body through heart to lungs and back to heart.

3. Location of pancreas.

4. Positioning - pancreas - between duodenum and spleen, anterior to stomach.

5. Location of adrenal glands.

6. Sarcoma, adenoma, granuloma - which are cancers?

7. Types of neoplasms in colon.

8. Which are proteins?
collagen
hemoglobin
glycogen
streptokinase
triglyceride.

9. Which are normal components of blood:

urea?

10. Which of elements below are in blood:

Ca, Mg, Na, Tc, Fe
11. Function of liver - to detoxify.
12. Normal components of blood.

13. Normal conception: function of:

Prostate - also, what does it secrete.

Testes
Ovaries

ABR - October 1994
S. Kirtland [file: 1870ct94.gst]
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14. Cell cycle - G1, G2, S, M
#* M, G1, S, G2, M (what is correct order?)

15. Identify ear bones from list.
16. Which are Ball and socket joints? - ankle, knee, hip, elbow

17. Where are the cells of vision?
retina, lens, iris.

18. Function of pituitary gland - [controls thyroid].

ABR - October 1994
S. Kirtland [file: 1870ct94.qst] 6 Printed 3 May 95



Part II Diagnostics Radiological Physics
Proctor: Dr. Larry Davis
Second day, October 1994

1. Ultrasound -Fat-Kidney interface - amplitude of pressure wave.

2. Calculate K; [or Kz].
- Kyg- 14" x 14" - 850 mrad on skin.

3. CT Questions - lots of questions.

A. CT - what kVp and mAs? How much dose per slice thickness?
Attenuation from table.

B. CTDI - calculate

C. Helical scanners - pitch dependent on what factors.
D. Fetal dose - CT scan; entrance exposure 850 mrads.
E. Shielding - CT scanner - operator.

F. Aliasing - frequency.

»

4. MRI - lots of questions _—r____L__J_________L__________r—

A. MRI - inversion ' - NN
diagram —J)ﬁ» %

B. T1 weighted images

C. MRI Contrast agents -
Gadolinium - reaction?
Low osmolarity = less iodine?
Anaphylactic shock - contrast agents.

5. Air kerma - calculation
6. Megabyte computer storage space required for images:

30% head, 0.5 rad, 20 films, 17 patients/week
70% abdomen, 1.5 mrad, 17 patients/week

ABR - October 1994
S. Kirtland [file: 1870ct94.gst] 7



7. Mammography - lots of questions.

A.

G.

H.

Image Quality Mammo images.
O.D. = 1.2; dose = 150 mrem.
Reasons: pressure water marks; developer temperature.

HVL of Mammo measured as 0.28 vice 0.3 of manufacturer.

why.

. NEMA on mammo - target angle of tube.
. nit - candela, lux, ACR - viewboxes - minimum lux.

. Molybdenum vs Rhodium filters

Breast biopsy - film; 5 cm; FFD = 60 cm.
Star pattern - width of focal spot.

Slit camera - focal spot size.

8. Image Quality - General - lots of questions.

A.

B.

Factors affecting film speed - developer temperature, etc.
Developer -

CaCo,

Hydroquinone and phenidine

Restrainer - Ammonium thiosulfate additive

Br to increase activity.

C. Which factors would improve contrast?

9. Kernel [0110] [0. 0.25 0.25]

10. MTF: Calculate gamma, gradient given range of O.D. + log,,E

11. Nothing on tomography.

12. Nothing on xerography.

13. How much scatter to technician two feet from fluoro machine?

ABR - October 1994
S. Kirtland [file: 1870ct94.qst] 8
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14. Cardiac catheterization lab - FDA, NCRP recommendations.
What at what distance from image intesifier (II)?

15. Specificity - Sensitivity.

ABR - October 1994
S. Kirtland {file: 1870ct94.qst] 9 Printed 3 May 95



by Edward Chaney
Chapel Hill, NC

The format of the ABR written
examination changed in 1989.
Since then enough questions
have been accumulated to
allow release of sample ques-
tions without significantly
depleting the pool of ques-
tions with proven discrimina-
tion value.

In the current format the
examination is divided into
Part 1 and Part 2. Part 1 is fur-
ther subdivided into a section
on general physics related to
all specialties, and a clinical
section covering general clini-
cal concepts that should be
familiar to the practicing
Radiological Physicist. Part 2
of the written exam is focused
on the specialty area of the
candidate (diagnostic radiolo-
gy, radiation oncology or
nuclear medicine). Each exam,
except for Clinical, has 150
questions: 25 Easy Type A, 25
Hard Type A, and 100 Type X.

A Type A question is a multi-
ple choice question. “Easy”
and “Hard” describe the rela-
tive degree of difficulty, which
is usually related to the
amount of calculation neces-
sary to reach the correct
answer. A Type X question is
a stem followed by four or
five statements, each requiring
a “True” or “False” answer.
Easy A questions carry a
weight of 5 points (125/700 =
18%), Hard A questions carry a
weight of 15 points (375/700 =
54%), and Type X questions
carry a weight of 2 points each

(200/700 = 29%). The Clinical
exam comprises 20 Type A
questions with a weight of 5
points each (100/250 = 40%),
and 75 Type X questions with
a weight of 2 points each
(150/250 = 60%).

Sample questions from Part 1,
including Clinical, are included
in this report. These questions
have proven to discriminate
well between candidates who
score in the upper and lower
quartiles. Sample questions
from the Part 2 exams will
appear in the next newsletter.
Additional copies of these
sample questions can be
obtained by writing the
American Board of Radiology,
5255 E. Williams Circle, Suite
6800, Tucson, AZ 85711.

Reminder: Applications for the
1996 written examinalion dre
due September 30, 1995.

SAMPLE QUESTIONS
FROM ABR PART I EXAM

EASY TYPE A

1. A current of 2.0 pA
must flow into a 100 nf capaci-
tor for how many seconds to
produce a 50 volt potential dif-
ference across the capacitor?

A. 1.0
B 2.0
C. 2.5
D. 5.0
E 25.0
2. Shortly after a tritium

inhalation incident, it is found
that the initial dose equivalent
rate to a worker is 10
mrem/hr.  The committed

\ 4
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dose equivalent in mrem for
an effective half life of ten

days is ?
A. 0.14
B. 0.24
C. 2.40
D. 3.50
E. 3460.00
3. The mass attenuation

coefficient for 10 MeV photons
in soft tissue is 0.022 cm2/g.
The probability that a 10 MeV
photon will penetrate a 20 cm
abdomen without interacting
is

A 0.002
B. 0.01
C. 0.44
D. 0.64
E. 0.77

SAMPLE - HARD TYPE A

1. After being Compton
scattered at 135", a photon has
an energy of 250 keV. The
photon energy before scatter-
ing was keV.

260
290
490
1,520
11,600

mo oW

2. A dose of 4 mCi of
89r is used for treatment of a
patient. The physical and bio-
logical half lives are 52 and 26
days, respectively. What will
be the activity in mCi in the
patient after 52 days?

A. 0.25
B. 0.5
C. 0.6
D. 1.0
E. 2.0

RNt
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3. A 57Co wipe test and a
background sample are count-
ed for 3 minutes using a well
counter.  Using the following
information, determine the
57Co activity in pCi in the
wipe test sample: Data for 3
minute counts for wipe test
and background samples:

57Co sample : 1350 counts
Background: 450 counts

Well counter efficiency: 0.94
cpm/dpm

1.35 x 10-4
1.44 x 10-4
4,20 x 10-4
7.65 x 10-3
8.59 x 10-3

RN RS

4. What energy (kilo-
joules) is imparted to a rotat-
ing anode (0.25kg) during a
two second exposure that pro-
duced a temperature of 2500°
C (specific heat of tungsten is
0.035 kcal/kg™C) and (1 cal =
4.186 D).

A 17.9
B. 45.7
C. 87.5
D 91.4
E. 182.9

5. What  fraction of
gamma rays emitted from a
point source will be incident
on a 100 ¢cm2 detector at a dis-
tance of 50 ¢m?

A. 6.0 x 10-5
13 1.9 x 10-4
C. 1.6 x 10-3
D. 3.2 x 10-3
I 4.0 x 10-2
0. What is the ultrasound

pulse power (in mW) remain-
ing after a 100 mW ultrasound

pulse loses 30 dB while travel-
ing through tissue?

A. 0.03
B. 0.05
C. 0.10
D. 3.33
E. 4.48

SAMPLE - TYPE X

Items 1-5

N

True statements about the
focal spot in a typical diagnos-
tic x-ray tube include which of
the following?

1. It expands with increasing
tube current.

2. It expands with increasing
tube voltage.

3. It displays a bimodal inten-
sity distribution.

4. It yields smaller measure-
ments with a star test pattern
than with a pinhole camera.

5. Iis effective size depends
on the measurement location
along the cathode-anode axis.

Items 6-10

Recombination in an ioniza-
tion chamber is more likely to
occur with increased:

6. LET

7. dose rate.

8. polarizing voltage.
9. electrode space.
10. gas temperature,

Items 11-14

True statements regarding radi-
ation and pregnancy include
which of the following?

11. About five percent of
live births have “spontaneous”
malformations or congenital
abnormalities.

i

12. The NCRP recom-
mends an equivalent dose
limit of S0 mSv (5 rem) to a
fetus.

13. There is a lower risk of
abnormalities associated with
a diagnostic dose of less than
50 mGy to the fetus than with
other risks normally associated
with pregnancy.

14. Growth retardation
commonly occurs during the
pre-implantation period.

SAMPLE - CLINICAL
QUESTIONS

Directions: Select the best
answer from the five answer
choices for each of the follow-
ing items.

1. The kidneys are located:

A. inferior 1o the bladder.

B. above the adrenal
glands,

C. anterior to the quadri-

ceps muscles.

D, within the retroperi
toneal space.

E. anterior to the
pancreas,
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2. The normal sequence of Items 1-5
structures encountered as
blood returns from the lower
extremities is:

The mediastinal structure
includes the following:

A. inferior vena cava, L. Heart
right atrium, right ventricle, 2. I:ympl'u nodes
pulmonary artery, pul- 3 ‘SL.’PC”(“’ vena cava
monary vein. 4. Diaphragm
5. Esophagus
B.. " inferior vena cava, -

right atrium, right ventricle, Irems 6-10

pulmonary vein, pulmonary Which of the following are

artery. functions of the liver?

C. inferior vena cava, left 6. Produces bile |

atrium, left ventricle, aorta. 7. Produceé irnsulin

D. inferior vena cava, left 8. Makes white blood

atrium, left ventricle, pul- Qells

monary artery, pulmonary 9. Detoxifies blood

vein. 10. Controls adrenaline
production

‘E.  superior vena cava,

right atrium, right ventricle,

aorta.

3. The normal function of the
prostate is to:

A.  store sperm.

B. supply the energy for
ejaculation.

C. control the supply of
testosterone.

D. secrete a constituent of
the seminal fluid.

E.  secrete prostaglandin.

4. Which of the following tis-
sues is the most radiosensitive?

A. CNS (brain)
B. Cardiac
C

. Skeletal
D.  Thyroid
E. Hemapoictic

Directions: Respond cither
true or false to cach item as it
relates to the preceding ques-
tion or incomplere statement.




EXAMPLE QUESTIONS FOR THE ABR 193]
WRITTEN EXAMINATION IN PHYSICS

Currently the written physics examination is divided into Part I and Part II. Part I is further
subdivided into a section on general physics related to all specialties, and a clinical section covering
general clinical concepts that should be familiar to the practicing Radiological Physicist. Part IT of
the written exam is focused on the specialty area of the candidate (Diagnostic Radiological Physics,
Therapeutic Radiological Physics, or Medical Nuclear Physics). Each exam, except for Clinical,
has 150 questions worth a total of 700 points: 25 Type 1A, 25 Type 2A, and 100 Type X. A Type
1A or 2A question is a multiple choice question. A Type 2A is more complex than a Type 1A,
usually because more calculation or thought is required to reach the correct answer. A Type X
question is a stem followed by four or five statements, each requiring a "True" or "False" answer.
Type 1A questions carry a weight of 5 points (125/700 = 18% of total points), Type 2A questions
carry a weight of 15 points (375/700 = 54% of total points), and Type X questions carry a weight
of 2 points each (200/700 = 29% of total points). The Clinical exam comprises 20 Type 1A
questions with a weight of 5 points each (100/250 = 40% of total points), and 75 Type X
questions with a weight of 2 points each (150/250 = 60% of total points). Sample questions from
each part of the exam are included in this document. On past exams these questions discriminated
well between candidates who scored in the upper and lower quartiles. Additional copies of these
sample questions can be obtained by writing the American Board of Radiology, 5255 E. Williams
Circle, Suite 6800, Tucson, AZ 85711. Reminder: Applications for the written examination are due
September 30 of the year preceding the examination.

PART I EXAMINATION
GENERAL PHYSICS
TYPE 1A

1. Shortly after a tritium inhalation incident, it is found that the initial dose equivalent rate to a
worker is 10 mrem/hr. The committed dose equivalent in mrem for an effective half life of

ten days is ?
A. 0.14
B 0.24
C. 240
D. 3.50
E. 3460.00

2. Which of the following is a correct sequence of phases of the cell cycle?

M->Gl1->S->G2->M
M>S->G1l->G2->M
M->G2->S->Gl>M
M>8S->G2->Gl>M
M->G1->G2->S>M

el

3. A current of 2.0 pA must flow into a 100 nf capacitor for how many seconds to produce a
50 volt potential difference across the capacitor?

A. 1.0
B. 20
C. 25
D. 5.0
E. 250
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4.

The mass attenuation coefficient for 10 MeV photons in soft tissue is 0.022 cm2/g. The
probability that a 10 MeV photon will penetrate a 20 cm abdomen without interacting is

A. 0.002
B. 0.01
C. 044
D. 0.64
E. 0.77

The laser most commonly used for alignment in CT scanners and on therapy accelerators
contains which of the following gases?

A. CO
B. NO3
C. Sb2S3
D. He-Ne
E. Argon

TYPE 2A

After being Compton scattered at 135°, a photon has an energy of 250 keV. The photon
energy before scattering was keV.

A. 260
B. 290
C. 490
D. 1,520
E. 11,600

The indefinite integral of e @X is

A. e X

B. ae X

C. -ae X

D. 1-(1/a)e&X
E. - (1/a) e"aX

A dose of 4 mCi of 89Sr is used for treatment of a patient. The physical and biological half
lives are 52 and 26 day respectively. What will be the activity in mCi in the patient after 52
days?

A
B.
C.
D.
E

NRoOoo
oo
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4. A 57Co wipe test and a background sample are counted for 3 minutes using a well counter.
Using the following information, determine the 37Co activity in uCi in the wipe test
sample: Data for 3 minute counts for wipe test and background samples:

57¢Co sample : 1350 counts
Background: 450 counts
Well counter efficiency: 0.94 cpm/dpm

A. 135x104
B. 144x104
C. 420x104
D. 7.65x103
E. 8.59x103

5. What energy (kilojoules) is imparted to a rotating anode (0.25kg) during a two second
exposure that produced a temperature of 2500° C? (The specific heat of tungsten is 0.035
kcal/kg®C and 1 cal =4.186 J).

A. 17.9
B 45.7
C. 87.5
D. 0914
E. 1829

6. What fraction of gamma rays emitted from a point source will be incident on a 100 cm?2
detector at a distance of 50 cm?

A. 60x105
B. 19x104
C. 1.6x103

D. 32x103
E. 4.0x102

7. What is the ultrasound pulse power (in mW) remaining after a 100 mW ultrasound pulse
loses 30 dB while traveling through tissue?

A, 0.03
B. 0.05
C. 0.10
D. 3.33
E. 4.48
TYPE X
Items 1-5

True statements about the focal spot in a typical diagnostic x-ray tube include which of the
following?

It expands with increasing tube current.

It expands with increasing tube voltage.

It displays a bimodal intensity distribution.

It yields smaller measurements with a star test pattern than with a pinhole camera.
Its effective size depends on the measurement location along the cathode-anode axis.

U BN e
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Items 6-10
For nongrid techniques in radiography, the scatter to primary ratio will be increased for:

6. an 80-kVp beam used to image the thorax rather than the abdomen.

7. an x-ray field that covers a 35cm x 43cm film rather than a 20cm x 25cm film.

8. mammography of a firmly compressed breast rather than a breast that is not compressed.
9. a patient moved toward the tube for magnification.

10. imaging of a thick patient rather than a thin patient.

Items 11-15
Increasing the matrix size in the acquisition of images for a given field of view will usually increase
the:

11. contrast resolution.

12. number of gray levels.

13. statistical fluctuation per pixel.
14. Iimits of spatial resolution.
15. data-storage requirements.

Items 16-20
Recombination in an ionization chamber is more likely to occur with increased:

16. LET

17. doserate.

18. polarizing voltage.
19. electrode space.
20. gas temperature.

Items 21-24

True statements about Geiger-Mueller (G-M) survey instruments calibrated against 137Cs sources
include which of the following?

21. They accurately measure exposure rates associated with diagnostic x-ray units.

22. They accurately indicate the exposure rate in milliroentgen per hour for persons standing
near patients with 137Cs implants.

23. A reading of 0 indicates no radiation is present.

24. They detect and indicate ionizing events per unit time.

Items 25-28
True statements regarding radiation and pregnancy include which of the following?

25. About five percent of live births have "spontaneous" malformations or congenital
abnormalities.

26. The NCRP recommends an equivalent dose limit of 50 mSv (5 rem) to a fetus.

27. Thereis alower risk of abnormalities associated with a diagnostic dose of less than 50
mGy to the fetus than with other risks normally associated with pregnancy.

28.  Growth retardation commonly occurs during the pre-implantation period.
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CLINICAL QUESTIONS
TYPE 1A

Directions: Select the best answer from the five answer choices for each of the following items.

1.

The kidneys are located:

A.  inferior to the bladder.

B. above the adrenal glands.

C.  anterior to the quadriceps muscles.
D.  within the retroperitoneal space.
E. anterior to the pancreas.

The normal sequence of structures encountered as blood returns from the lower extremities

is:

HOOR g

inferior vena cava, right atrium, right ventricle, pulmonary artery, pulmonary vein.
inferior vena cava, right atrium, right ventricle, pulmonary vein, pulmonary artery.
inferior vena cava, left atrium, left ventricle, aorta.

inferior vena cava, left atrium, left ventncle, pulmonary artery, pulmonary vein.
superior vena cava, right atrium, right ventricle, aorta.

The j Jommg of two ends of a severed body tube is called:

ppnw»

an arthrosis.

an anastomosis.
an anastial ptosis.
a tubal ligation.

a canthosis.

The normal function of the prostate is to:

SICToLTS

Whi
A.
B.
C.
D
E

store sperm.

supply the energy for ejaculation.
control the supply of testosterone.
secrete a constituent of the seminal fluid.
secrete prostaglandin.

ich of the following tissues is the most radiosensitive?

CNS (brain)
Cardiac
Skeletal
Thyroid
Hemapoietic

TYPE X

Directions: Respond either true or false to each item as it relates to the preceding question or
incomplete statement.

Which of the following joints is a ball-and-socket joint?

Items 6-10
6. Knee
7. Wrist
8. Elbow
9. Ankle
10. Hip
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Items 11-15

The mediastinal structure includes the following:
11. Heart

12. Lymph nodes

13. Superior vena cava

14. Diaphragm

15. Esophagus

Items 16-20

Which of the following are functions of the liver?
16. Produces bile

17. Produces insulin

18. Makes white blood cells

19. Detoxifies blood

20. Controls adrenaline production

Items 21-25

Which of the following terms can be used to describe etiology?
21. Bacterial

22. Vinl

23. Pathologic

24, Necrotic

25. Unknown

Example Physics Questions
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PART II EXAMINATION
1A TIC RADIOLOGI PHYSI
TYPE 1A

1. A flouroscopic unit has an automatic brightness system which operates using a fixed
manually selected kVp and a variable mA. For a given patient thickness, as the kVp is
decreased, the mA and patient entrance exposure rate (EER) will vary in the following
manner:

A. The mA decreases and the EER increases.
B. The mA increases and the EER is constant.
C. The mA increases and the EER increases.
D. The mA decreases and the EER is constant.
E. The mA increases and the EER decreases.

2. A flouroscopic image using a 250 mm FOV on the image intensifier is digitized to a 512 x
512 matrix. The maximum measured horizontal resolution at the input phosphor is
Ip/mm.

0.5

SISIetTS
.{;U)Nr—l

TYPE 2A

3. A bone transmits 1/2 as much radiation as its surroundings to a radiographic film which has
as gamma of 3. When the developed film is viewed by light transmission, the ratio of the
light transmitted by the bone compared to its surroundings is .

A. 2/1
B. 3/1
C. 4/1
D. g1
E. 12/1

4. A 1.5 T MRI system is used to obtain transverse spin-echo images with TR = 600 ms and
TE =20 ms. For edematous brain tissue with a T1 of 1 s and a T2 of 100 ms, the signal
measured with this sequence is percent of its maximum possible value.

HEOQRP
W
(9]
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TYPE X

Items 1-5

In a CT scan utilizing a technique of 120 kVp, 200 mA, 1 second scan time (continuous x-ray
beam), 10 mm slice thickness, the maximum surface dose for a single-slice is 1.0 cGy. Which of
the following are true statements?

1. For 10 slices with a table increment of 10 mm, the maximum surface dose will be
between 1.2 and 1.7 cGy.

2 For 10 slices with a 5 mm table increment, the maximum surface dose will be
between 1.2 and 1.7 cGy.

3. If the slice thickness is reduced to 5 mm and the scan time is adjusted to give the
same noise, the single slide dose will be between 1.2 and 1.7 cGy.

4 If the k'Vp is increased to 140 kVp with the mA and scan time remaining constant,
the single slice dose for a 10 mm slice will be between 1.2 and 1.7 cGy.

5 If the kVp is increased to 140 kVp and the mA and the scan time are adjusted to
achieve the same noise, the single slice surface dose will be between 1.2 and 1.7
cGy.

Items 6-10

The HVL is measured on a mammography unit at 30 kVp and found to be 0.28 mm of Al. The
compression paddle was not in the beam. The manufacturer specifies that the source assembly
contains 0.030 mm of Mo filtration and that the HVL measured in the factory under similar
conditions was 0.30 mm of Al. Assuming that the unit has excellent exposure reproducibility,
which of the following are possible reasons for the discrepancy?

6. "Good geometry" was not employed for the factory measurement.

7. The x-ray tube potential was not accurately calibrated upon installation and the
actual tube potential was less than 30 kVp.

8. The thickness of Mo filtration is less than 0.030 mm.

9. The relative response of the chamber employed increases as the beam energy
increases.

10. 1100 alloy rather than pure aluminum was employed.
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PART II EXAMINATION

THERAPEUTIC RADIOLOGICAL PHYSICS
TYPE 1A

According to AAPM TG-21, in an electron beam calibration with a cylindrical chamber, the
term P, repl isa

gradient correction only.

fluence correction only.

stopping-power correction only.

combination of a gradient and fluence correction.

combination of a fluence correction and a stopping-power correction.

Moo

The increased transmission of a 4-6 MV photon beam through lung is typically
percent per cm of lung.

A. 1

B. 3

C. 5

D. 8

E. 10

The air kerma typically used to expose "verification" type film ("V film") is Gy.
A. less than 0.1
B. 0.1-0.5
C. 0.5-1.5
D. 1.5-3.0
E. 3.0-5.0

TYPE 2A

The SSD output fora 10 x 10 cm? beam on an 80 cm 60Co teletherapy unit is 100 cGy per
minute at dmax in a full-scatter phantom. The dose rate in air at the isocenter is

c¢Gy per minute.

A. 95.4
B. 96.6
C. 978
D. 101.3
E. 103.5

The exposure rate outside a primary wall of a linear accelerator is 15 mR/hr. The exposure
rate at the isocenter is 400 R/min. If W=60,000 R/wk, T=1, U=1/4, and P=0.01/wk, the
shielding needs to be supplemented by additional HVLs.

SISToL TS
PBPWN-=O
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6. A calibration distance of 25 cm is recommended for brachytherapy sources. For the
calibration error due to mispositioning to be no more than 2%, the maximum positioning

error that can be tolerated in the source-detector distance is mm.
A 1.0
B 1.5
C 2.0
D 2.5
E 3.0
TYPE X
Items 1-5

In a 4 MV or 6 MV linear accelerator the

1. magnetron, thyratron, and target are water cooled.
2. accelerating structure is usually filled with a high-dielectric gas.
3. pulse forming network can be adjusted in frequency.
4. thyratron supplies filament current pulses.
5. tuning frequency range is typically + 100 MHz.
Items 6-10

A typical Clarkson-Cunningham "Irregular Field" calculation

6. assumes a point-source of radiation.
7. requires extrapolation of beam data to smaller-than-measured field sizes.

8. can be readily performed for megavoltage beams from 60Co up to 18 MV.
9. gives accurate results in the penumbral region.
10. can be used to generate an off-axis isodose curve.

Items 11-15
A GM survey meter is calibrated in mR/hr using 137¢s. 1t will be acceptably accurate for the
following surveys.

11. 60co teletherapy head
12. 1257 brachytherapy patient room

13. 32p injection area
14. x-ray contact therapy housing
15. simulator room shielding test with a portable x-ray machine

10
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PART II EXAMINATION
EDICAL LEAR YSI
TYPE 1A

1. In a gated blood pool study the heart rate is 60 beats/min., the LV end-diastolic count rate is
40,000 cpm, the LV end-systolic count rate is 15,000 cpm, the peripheral blood count rate
per ml is 400 cpm. Assume all counts are corrected for attenuation and background. What
is the stroke volume in ml?

A. 0.625
B. 625
C. 100
D. 400
E. 3750

2. For a pixel size of 0.64 cm, 50% of the Nyquist frequency is cm-1,

A. 0.16
B. 032
C. 0.39
D. 0.62
E. 0.78

3. Data taken during a NEMA extrinsic integral uniformity test include the following pixel
values from a section of the 9-point smoothed scintillation camera image. Assuming that
this section includes the worst image nonuniformities, what is the percent integral
uniformity?

9007 9053 10059 10267
8802 8836 10019 10314
8598 8622 9928 10285
8509 8558 9718 10076
8559 8625 9472 9776

HEQEP
3
w

TYPE 2A

4. A low-energy pinhole collimator has a hole diameter of 2 mm and a hole-to-crystal length
of 15 cm. At what hole-to-source distance in cm is the geometric collimator resolution 3.5
mm?

A. 11.2 cm
B. 15.0 cm
C. 17.1 cm
D. 26.2 cm
E. 37.5 cm

11
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5. Twenty cm tongs are used to remove a 100 mCi vial of Tc-99m from a lead pig and insert it
into a dose calibrator. The absorbed dose to the hands is not to exceed 0.5 mrad. Calculate
the maximum transfer time in seconds. (Specific gamma ray constant T2( = 0.6R/mCi-hr
at 1 cm. Assume f-factor of 1.) :

A. 6
B. 10
C. 12
D. 16
E. 20

6. If 85 percent of the injected activity of Tc-99m sulfur colloid is removed from the blood by
the liver, what is the maximum activity in mCi that can be injected without exceeding 60
mrad to the kidneys from activity in the liver? The S factor (liv ->kid) is 3.9 E-06 rad/uCi-
hr. (Assume the biological elimination rate is negligible compared to physical decay.)

A. 1.6

oo~

.

1.

1.

2.
2.

SITer
u‘h—l

TYPE X

Items 1-5
True statements about MIRD dose calculation for a patient receiving a diagnostic
radiopharmaceutical include which of the following?

1. The MIRD result can differ from the actual patient dose by as much as a factor of
two or more.

2. The radionuclide decay parameters are frequently a significant source of error.

3. The percentage of uncertainty in the administered activity is on the order of 5%.

4 Errors in the estimation of organ mass do not affect the dose calculation for
nonpenetrating radiation.

5 The assumption of instantaneous uptake in organs causes the calculated cumulated
activity for that organ to be larger than expected.

Items 6-10
"Off-peak high" images are useful in scintillation camera imaging and/or quality control for

6. reducing the amount of scattered radiation in an image.

7. improving field uniformity.

8. testing for the presence of crystal hydration.

9. improving field uniformity for images involving photons of two different energies.
10. increasing image contrast.

Items 11-15
The Poisson distribution

11. isdefined only for non-negative integers.

12. is symmetric about the mean.

13. hastwo free parameters.

14. isnearly equal to a Gaussian distribution when the mean is > 100.
15. isappropriate for counting both point sources and extended sources.

12
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ANSWER KEY
PART 1 - GENERAL PHYSICS
TYPE 1A  TYPE 2A TYPE X
1 E 1 D 1 T 8 F 15 T 22 T
2 A 2 E 2 F 9 F 16 T 23 F
3 C 3 B 3 T 10 |T 17 T 24 T
4 D 4 B 4 F 11 F 18 F 25 T
5 D 35 D 3 T 12 |F 19 T 26 |F
6 D 6 F 13 T 20 F 27 T
7 C 7 T 14 |T 21 F 28 F
PART 1 - CLINICAL
TYPE 1A TYPE X
1 D 6 F 11 T 16 [T 21 T
2 A 7 F 12 T 17 F 22 T
3 B 8 F 13 T 18 F 23 F
4 D 9 F 14 F 19 T 24 |F
3 E 10 T 15 T 20 |F 25 T
PART 2 - DIAGNOSTIC RADIOLOGICAL PHYSICS
TYPE 1A TYPE 2A TYPE X
1 C 3 D 1 T 4 T 7 T 10 |T
2 B 4 A 2 F 5 F g T
3 F 6 T 9 F
PART 2 - THERAPEUTIC RADIOLOGICAL PHYSICS
TYPE 1A TYPE 2A TYPE X
1 B 4 C 1 F 35 F 9 F 13 F
2 B 5 A 2 F 6 F 10 T 14 F
3 C 6 D 3 T 7 T 11 T 15 F
4 F 3 F 12 F
PART 2 - MEDICAL NUCLEAR PHYSICS
TYPE 1A [ TYPE 2A TYPE X
1 B 4 A 1 T 35 T 9 F 13 F
2 C 5 C 2 F 6 T 10 T 4 [T
3 B 6 D 3 T 7 F 11 T 15 T
4 F 3 T 12 F

13




SEP" " 1995
General Format

The written exam was broken into three sections. The first two given the first day
and the third the second.

Part I - Clinical: This section was completely anatomy and physiology, and
lasted one hour. It was a series of 100 multiple guess, and true/false. More
physiology than I expected !

Part II - Physics: This section was a mixture of physics questions, with some
oriented to physics of radiology and some which were pure physics from first and
second year college physics. I would concentrate on studying physics relating to
radiology since the other area is to broad with questions coming from out in left
field. A tough exam, and lasted 3 hours.

Part III - Clinical Physics, Therapy: This section was broken into three sections.
First was 25 multiple guess, the second 25 problems (require series of
calculations), and the third was 100 T/F. Note that each section was worth a
different amount of points, so you may want to evaluate which section to do first.
The T/F went pretty fast, and the problems took some time but were worth 54% of
the points. Consider you best strategy. This was a three hour exam, and seemed
like a fair test of typical clinical calculations.

Due to serious brain death following the exam exact questions could rarely be
recalled but I can point you in the areas which were stressed.

Part I - Clinical

1. Know the function of the following organs in addition to the major organ
systems:

w Thalamus

m Thymus

m Pituitary gland

m Pineal gland

2. Look at the anatomy and function of the lungs with respect to
= blood flow paths - oxygenated, de-oxygenated blood

m  structure - lobes (2/3)
m control of respiration comes from.......



3. Know functions of the endocrine system

4. Composition of blood - sodium, potassium etc.

5. What controls serum calcium levels in the body

6. Know the blood flow path in the heart - oxygenated, de-oxygenated
7. Purpose and operation of the cell membrane.

8. What is the radiosensitive portion of the cell.

9. Joints in the knee are lubricated by??77?7??

10. For blood volume studies, radionuclides are tagged to or infused with which
of the following:

v eryﬂu‘ocytes = red blood cells
DS p]asma - 4 1ymphocytes

11. Define active transport as it relates to:

mw [-131 therapy m TL cardiac studies
w Lung studies w Sr-therapy

Part II - Physics

1. Given y, and p be able to calculate exponential attenuation of photons in bone
or other material .

2. Given a circuit with a battery, resistor, capacitor and a switch, all in series,
determine the voltage across the capacitor at a specified time after the switch is
thrown.

3. Guven the equation for voltage vs radius (Vi = Vo*In(1/a)) of an ion chamber
with a central probe radius of a= 0.05 cm and outer radius of 0.5 cm calculate the
electric field at the central radius (r = 0.05) if the voltage of 130 V is applied.



9. Therapy is given with parallel opposed beams, one at 23 MV and one of 4 MV.
Given percent depth dose data for each, what is the ratio of the maximum doses
between the two beams. (given pat. dia.)

10. Factors which could cause depth dose data taken in a water phantom to be
measured increased over actual depth dose includes which of the following:

» Water temperature lower than air temperature

m Setting the zero of the chamber position above the actual level of the
water

m Not calibrating stepping motors

11. A diagnostic radiograph is taken of patient with GYN implant. While patients
anatomy is readily visible the internal structure of the colpostats are not visible.
The factors which will enhance visibility are which of the following:

™ increase mAs - jncrease SID
w increase SSD m increase kVp
m decrease kVp

12. What determines the maximum dose rate of a Linac:

m Magnetron = Bending Magnet
m Target Thickness m Max Field size

13. The purpose of the dual foil in an accelerator is which of the following:

m Reduce Bremsstrahlung > Flatten Beam
= Filter out low energy electrons

14. A treatment calculation is performed for 100 SAD, 15 x 15 at a depth of 12
cm. The field is later modified with a block which produces a 10 x 10 field size.
The blocking tray transmission is 0.96. What is the percent correction required in
the machine setting. (PDD, TMR, FSF provided)

15. A treatment is calculated to provide 200 cGy at 8 cm depth for a 100 SAD Tx.
What is the dose at 12 cm depth.

16. A treatment is given for a Co-60 machine at 8 cm depth. What is the TMR at
8 cm depth. (% DD and TAR tables provided)



= T1 and T2 relationship to RF pulse frequency
12. The film "gamma" is the slope of the H&D curve at the point of inflection T/F
13. The latitude of a film is inversely proportional to the contrast T/F

14. Nuclear Medicine type questions, do not remember question but, questions
dealing with counting statistics and dead time of counters or meters.

15. A sound is made at 3 db. If another sound is made which is 3000 times louder
what db level is it?

Part I1 - Clinical Physics

General comments on questions:
1. Lots of shielding questions
2. Lots of regulatory questions on T/F section, be sure to look at:

m definition of misadministration

m requirements on brachy and HDR implants

m requirements on shipping brachy sources
3. Look at NCRP 116
4. Calculate machine setting for parallel opposed beams, both isocentrically and
SSD for 26 cm diameter patient. (machine output, TMR, PDD and field size
factors provided)

5. Given above SSD calculation, now calculate machine settings at 125 SSD.

6. Given TMR calc above calculate dose to cord of patient with cord at 5 cm
depth.

7. A cobalt source is installed with 2500 Ci source, what is the source strength 3
years after installation. (just know T1/2 of Co-60)

8. The initial dose rate for a permanent implant of 1125 seeds is given in cGy/h.
What is accumulated dose.



4. 1t was determined that an archeological sample had 5% of the C14
concentration of current air concentration. Given the half life of C14, determine
the age of the sample.

5. How much charge will be liberated by a 4 MeV photon in air p = .0013 g/cm3.

6. A chamber of 2 cc volume is exposed to a field of 80 kV photons, at 10 R/min.
What current will be generated.

7. An image of 1025 x 1025 and 64 gray scales is to be transmitted at 1200 baud
(bits/second). How long will the transmission take.

8. Translate the number 17 into binary, octal, and hexadecimal.

9. You are given a table of numbers which describe a normal distribution along
with the following question. A group of patients is described by the distribution
with life expectation to be a mean of 30 years with a standard deviation of 2.5%.
What is the percent probability a patient will live 34 years.

10. Find the standard deviation in counting if 1200 counts are measured from a
source with a background measurement of 400 counts.

11. Note differences in Nal scintillator detection vs Gel detector with regard to :
= Energy Discrimination
m Sensitivity
m Cooling required
True/False
10. The following will affect contrast of a diagnostic image.
T/F  Temperature of the developer
T/F  Fixer temperature
T/F  pH of developer

11. MRI T/F questions relating to the following topics - do not remember
question:

m Spin -spin relaxation time
m T1 and T2 relationship to field strength



17. Three treatments are given with a 30 deg wedge on a cobalt machine. Two Tx
are given with the wedge in the correct orientation, one with if reversed. What is

the effective angle of the wedge.

18. Wedges for two identical energy machines, one with the maximum wedge
field size much smaller than the other are the same thickness. (T/F)

19. A patient is simulated at an SSD of 102 with the film placed at SID of 140.
To cut blocks properly what distance should the film be placed on the block cutter
if the patient is to be treated at 110 SSD.



ABMP PART II QUESTIONS 1996 - PHILADELPHIA

—

. Question on screen grid contact for radiation therapy films.

joo]

. What detector to use for TBI with electrons dose calibration/measurements,

(V8]

. What detector to use for depth dose measurements in the region from surface to dmax.
4. What detector to use in stereotactic radiosurgery to verify small field uniformity.

5. ICRU definition of target volume -
does it include primary cancer as well as microscopic disease
does it include primary volume and a defined margin around it

6. What is the transmission through beam stopper-
0.1%
0.5%

1%
7. Occupancy factor for nurses’ station located above therapy room =

8. Use factor for secondary barrier is always 1?
door
9. While doingashielding calculations for 25MV X-rays, have to consider-

fast neutrons (K - +7,0Q 7(/\6?,5'/'(03'1)

slow neutrons Her .
ScaTieres - Q-
Cﬂfﬁur'@, gammas SCa ’3‘4 X 7>

10. If concrete is not available and door material has to be used for primary beam shielding, what can be
used- (#" ao/cm;e T Oroler~ 5'7(5-,(%/
lead, borated polycthylene, steel
lead, borated polyethylene
lead, steel, borated polyethylene, lead
— L r =197
I'l. Five(l % seeds are placed 1¢m apart. At a point lem away from the central axis , if we want 2000¢Gy/hr
what should be the strength of each seed.

12, Permanent I'** implant delivers 12000 cgy. What is the dose delivered aficr 4 months.

13. What is the dose rate Sem away from a 5mCi source of [

14, What is the most appropriate match
Cs137- 2% decay per year

15. Pd? - emits 400KeV gammas
16. Co60 - gammas emitted from Ni60 nucleus
17 1. closest to 1125

18 Which radioactive material is used for bone mets - Sr*°

19 Typical dose for Sr* administration- 4mCi

’\ﬁ insicle  room  cnsd mavfn7 D/\'f)
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20 3D - beam aperture can be changed for each encrgy
beam aperture can be changed for each field

21 If there is a Sem error in setup for 6MV xray treatments - PDD at 10cm depth changes by
10% (Ssp)
5%
2%
1%

22 TBI- 2 gantry angle method is used for :
dose uniformity
reducing X-ray contamination

23 Question on multileaf collimators:
cannot be used for island type blocking
transmission in between leaves is 5 times transmission through leaves
penumbra is sharper than custom blocks

24 Shielding for intraoperative therapy- can use, assuming sterile conditions:
lead with lucite covering
lucite
cerrobend
Loluns
25 Given a single 6MV beam incident on a surface- if dose at 10cm depth =200 cGy, what is dose at Scm depth
TAR'’s for d=10 and d=5 provided.

y

26 Isocenter for planning was placed at midpoint. Then the isocenter was moved to center of tumor which
is located more laterally.

Dose at midline increases
dose on ipsilateral side increases
dose on contralateral side increases

27 For hemibody treatment, patient field has to be split into two. Field size at 100cm SSD is given. For

186¢cm SSD, to match at midline, given patient thickness, find gap on skin. Field size at 100SSD is
35x35cm.

28 Question on brachytherapy- if you change from ovoid to mini ovoids-
surface dose increases/decreases

29 Wedge pair for superficial tumor planning
wedge angle theta= 90 - phi/2
distribution depends on energy used
individual wedge isodose lines should be parallel to bisector of hinge angle

30 Match: 25 MeV electron beam

31 16 MeV electron beam - 50% isodose line at approximately 7 cm depth
32 12 MeV clectron beam
33 9 MeV electron beam



34 16MeV electron beam blocked down to 4x4 cm size
Rp changes
R50 changes
dmax changes

A / So ’JL 1o {,‘/ Ose C /\.('/( “ 94(:? 5

35 Match definition for : Hyperfractionation

36 Hypofractionation

37 accelerated fractionation

38 DNA repair question  — C]M@S"{'fém aslked Wi ch a{: :H"LQ’ ‘[é/‘/@v«/ ‘ I’S Q\/:a{v:’/gc'.v.
that PNVA 75 the critital  stractas

 Srosic iourgry ol 1 col il by radietion”

motion of gantry (j Aon 't remember n47 or dhe cho.
simultancous motion of gantry and couch

40 Brachytherapy shielding question. Patient is loaded with 80mg Ra. eq. 1 TVL shield is used. What is
dose rate at 1.5 m distance assuming shield is in between.

41 Given exposure rate and percentage attenuation of | lead sheet. How many sheets are needed to reduce
dose rate to 5%.

42 Frequency of Compton and Photoelectric interactions will be most equally probable at what energy
83 KeV
100 KeV

43 Ratio of photon to electron current in linac is
1110
1:100
1:1000
1:10000

44 Size of cavity in waveguide is:
2cm ~ -
3em A for 3000 Ml micro Wy
sem
10cm

45 Question on isolator/circulator

46 If inner (active) volume of farmer chamber can be accurately known, which of the following can be eliminated-
calculation of Ngas
calculation of Nx
calibration at ADCL
calculation of Pion

47 Occupancy factor for outside corridor=
1
1/4
1/16



48 Kc (collision kerma) = X/(W/e)
X*(Wle)

49 Match complications with treatment site:

50 proctitis
51 xerostomia
52 telangiectasia .
. Z s A2 ‘;’QSOY\ ﬁ\slfvﬁé'l (_G"
53 MRl is used in stereotactic radiosurgery localization instead of CT because +his T o,{’ Lisq ne
stereotactic headframe cannot be seen on CT image adventa 9 s © .
CT cannot localize tumor in normal brain tissue C'T/ MRT c{y\ji@ ,r?/a.,o ‘\7
J
54 Question on QA for gantry isocentricity- tolerance should be within ﬁar b"‘O\ fin AP .
Imm diameter sphere Y ot the
) fgn  ~atler o
2mm diameter sphere ) o ca [izatio
T alone

55 Question on Co60 machine monthly QA parameters

56 Frequency of QA of : tablet digitizer

57 -

58

59

60 HDR QA question- what QA should be done before each treatment.

61 HDR question- 10Ci is stuck for 360 seconds. What is dose to the patient at lcm distance.

»

g8

i L , . . re SHom  Gave
62 After I"" administration, nurses’ thyroid uptake reads 10uci, What was the exposure rate she was} qax 7 ,

subjected to in mSv/hr. ac v ,
mesg az f/77/,

Aoy Scha
64 Question on parotid treatment with photons and electrons- ¥ wan oA fo L
e- dose should be prescribed to midline o
bolus should be placed on skin
e- field should be larger than photon field

63 Question on leak test lowest detection limit of detector - 5nCj

Herg o Fece ;e

65 Problem of dose under block



66 Co60 treatment- patient was given treatment to the wrong site for | out of a total of 15 treatments. This is a:
recordable event
reportable event
call the referring physician
contact the NRC by telephone

67 Average exposure around a Co60 machine that a technologist can receive is : __mR/hr

68 During chart checks, physicist’s responsibilities include:
total # of Tx
total # of days of Tx
reasonable prescription dose

69 Flatness was found to be off in the gun-target plane. What could have happened:
flattening filter may have moved o~ Lo a p{,'m,? /‘fvu.u],w,%- CArven # cha ,,,79

70 Use factor for all secondary barriers=1 9

71 Head frame for stereotactic radiosurgery is fixed to the head by:
pins through one plate of the skull
screws through one plate of the skull
screws through both the plates of the skull

bt #he Abforene ia ,_.'.0//,,?;\0?»:
N o ‘?‘f)v\'f‘ 53

72 In stereotactic radiosurgery, compared to a 4x4 cone, a 3x3 cone’s output is different only by 0.2%. This aboat T
Is because:
' - . - L3 VT,
1. Jaws are fixed in position for
& <o

73 Vertebral body lies posterior to the spinal cord??
74 Question on pituitary gland irradiation

75 To match spinal 2B-PA fields with brain field: .
couch has to be rotated (£~ brain 'PFQ,/@/S’) (K - ,gg 7V(es’{‘fom)
collimator has to be rotated ((‘\df loraia F‘,"elc(g 7
both couch and collimator have to be rotated . . e .
junction has to be moved < I(V_‘{:;h:\j_i, fﬁ'", Choice had Somethia / @
A otating  Couct or ¢ olli ety
76 Question on location of celiac node for T4 s/),’,,,e \/\(-3 QZ’; '

77 Location of __node ( in abdomen) for treatment of cervical cancer

78 AP-PA separation =38cm. Lateral separation =40cm. Beams are weighted 1:1:0.8:0.8. To deliver
180 ¢Gy to the isocenter. TMR’s for each field given. What MU’s are used for each field.

79 Patient was simulated and calculated for SAD, but was treated at SSD, What is true;
dose distribution throughout the volume remains the same
volume treated at the isocenter remains the same
max  Aose  changes
80 Dose escalation for the following primary diseases:
breast (intact)  FO00- 5500

prostate bEFHO-TOLO
seminoma L@ ~7 500
Hodgkins

Y 5ao



81. Which TG-21 factors are always <1.0?

82. Stereotactic Radiosurgery is used for which of the following diseases :
1. Arteriovenous malformations
2. Glioblastomas
31 Audio-something ( answer is all of the above)

83. Know how to convert mg. Ra. eq. To air kerma units.

84. Definition of kerma (does it includé radiative losses, etc.)

85. Dose rate at 1 cm away from 10 Ci HDR source

86. What calibration factors vary with depth for electrons ?
Ans: Prepl, L/p

87. What are some of the side effects of cranio-spinal irradiation.
88. What affects TLD light output :

1. Temperature

2. Length of time after irradiation

3. Rate of heating
4.

89. A 6 MeV e-travels through 3 m of air. By how much is the average energy reduced?
( 12MeV, 1 MeV, 2 MeV, etc.)

90. A woman receives I-131 treatment, then goes home. Which of the following activities should be avoided:
I. Preparing meals
2. Caring for elderly
3. Sleeping w/ husband
4. Breast feeding

91. What are some reasons for putting caps on ovoids?

92. Relation between TAR, BSF & TMR

Ans; TAR = BSF(TMR)

93. Question on dose volume histograms...
( in particular, something about dose bin size)

94. Why is there no bragg peak for electrons?
95, Definition of Quasi-threshold dose
1. Dose which kills 37%

2. Represented by shoulder

96. F-factor for air - know its numerical value and know what it means. -



97. Which of the following needs to be accurately checked for stereotactic radiosurgery?

1. Couch lateral positioning

2. Couch vertical positioning

3. Couch longitudinal positioning

4, Couch axis of rotation coincidence with isocenter

98, Which of the following agencies have regulatory authority over radiation therapy?
1. NRC
2. FDA
3. State agencies
4. NCRP

99, For ion chamber/electrometers, what needs to be checked prior to each use

. Leakage

. Linearity

. Collection efficiency
. Voltage

B -

100. Given separation of head and separation of body and TMR’s calculate the required thickness
For a head compensator for total body photon irradiation.
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CLINICAL 1996

13.
14.
15.

16.
17.
18.

19.
- 20:
21.
22.

24.

26.
27.

28.

What is the circle of Willis?
Which of the following are associated with the knee? tibia, iliac artery, femur, ...
Questions about lung function:

a.  Whatis the tidal volume?

b. T/F - each lung has two lobes

c.  Whatis the percent of air still in lungs after exhalation?

d. 'What controls respiration?
An AP chest x-ray was shown and the following T/F questions asked:

a. Isthis alateral view?

b.  Are the costophrenic angles easily seen?

c. A few anatomical structures were labeled and identification questions asked.
A CT slice of the male pelvis was shown and the following T/F questions asked:

a. Isthis an MR image?

b. Bladder, rectum, and muscle were labeled and identification questions asked.
A thallium study is performed for what purposes?
Where is the foramen magnum located?
Which of the following vessels contain oxygenated blood? vena cava, iliac artery,
pulmonary artery, pulmonary vein
Which chamber of the heart pumps blood to the lungs?
Which of the following are part of the endocrine system? testis, prostate, ...
Which conditions are treated with insulin? diabetes, hypoglycemia, ...
T/F statements about cerebellum:

a. It has hemispheres.

b. It controls memory.

c. Itcontrols coordination

d. Itis not present at birth.

e. Itis connected to the brain stem.
Given a list of bones, which are part of the right upper extremity?
Given a list of anatomical structures, which belongs in the thorax?
Which of the following terms is associated with color? erythro, leuko, cyano, melano,
chromo
What is a neoplasm?
What is the main function of the spleen? destroy red cells, destroy white cells, ...
T/F statements about T-cells

a.  Called so because of association with the thymic system.

b.  Part of the infection-fighting system.
What cancer is the leading cause of death of US females? cervix, breast, lung, ovary
What cancer is most prevalent in US males? lung, colon, prostate, ...
What is the major secondary disease to AIDS? KS, lymphocytic leukemia, ...
Which of the following diseases is most likely to cause bone mets in males? lung, prostate,
brain, ...
Breast cancers originate in what type of tissue? glandular, adipose, connective,
subcutaneous
Which of the following are bones? hyoid, stapes, putamen, fundus
Which of the following structures are in the peritoneum? stomach, fovea, ...
Which of the following makes the gallbladder contract? ice cream, OJ, prunes, water, bread
T/F statements about oxygen enhancement ratio:

a. Decreased for high LET.

b.  About unity for neutrons.

c.  Decreases for high dose rate.

d. ~2.5 for high dose rate photons.
In what phase of the cell cycle is the cell most radiosensitive?



29. Given a cell strain with Dg = 50 Gy, what percent will survive 100 Gy?
30. Isthe mean time for onset of radiation-induced leukemia about 20 years?
31. Something about cancer induction and thresholds.



GENERAL PHYSICS 1996

~1 O

10.

11.

12.

13.
14.

15.
16.

A diagram of an inverting op amp was shown and questions asked about it.
A diagram of an RC circuit with battery and switch was shown and the following questions
asked:
a.  Whatis the current before t = 0 (when the switch is thrown)?
b.  Whatis the voltage through the resistor at t = -2 sec?
¢c.  Whatis the voltage through the resistor at t = 2 sec?
d. Whatis the current at t =2 sec?
Given a critically damped meter with time constant 4 s. Count for 6 s and get X counts.
What is the true count rate?
T/F statements about NRC QMP:
a.  Must have 2 forms of ID for the patient.
b.  Techs administering 25 mCi of I-125 must be bioassayed.
c.  Medical physicist must confirm nuclear medicine activities and dosages administered
to patients.
d. The QMP regulations cover Cs-137 brachytherapy.
T/F statements about pregnant workers:
a.  They can declare their pregnancy verbally.
b.  They may not receive any more exposure if already have 5 mSv exposure at
declaration time.
c.  They must be badged if expect them to receive > 0.5 mSv.
d.  They should not receive > 0.5 mSv/month.

Given U or (W/p), what is percent transmission through thickness X?
Given an alloy that is 99% Al and 1% Cu by weight. What is the error in the HVL if use

alloy instead of Al to measure HVL? Given p for all and (/p) for Al, Cu.
A patient is given 980 MBq internally. After 10 h the concentration in the blood is 120
MBg/1. 61blood. t1/2 rad = 13 h. What is t1/2 biol?
Given a beam that is half 50 keV and half 100 keV. It passes through material of thickness
X, with W's given. What is the resultant average energy?
T/F questions about fmed:

a.  What is the value for bone at diagnostic energies?

b.  Is the value for bone > muscle at 1 MeV?

c.  Isthe value for muscle> fatat 1 MeV?

d. Is the value for air constant with energy?
T/F questions about photoelectric effect:

a.  Dominant at 120 kVp (~40 keV)?

b.  Are electrons ejected isotropically?

c.  Can there be >1 electron per interaction?
Which of the following are ejected with a continuum of energy? auger electrons, internal
conversion electrons, beta rays, photoelectric electrons, bremsstrahlung

Given the energy decay schematic for a B+ decay. What is the total energy loss?

Have decay of 150 to I5N. Given the masses in amu. What is the maximum energy of the
beta in MeV? Did not give conversion factor.
Given a brass orifice of 0.01 m? area at 22°C. Given linear expansion coefficient. What is
the percent change in area at 100°C?
T/F statements about radon:
a. Use a G-M counter to measure.
b. If the concentration is X, some organization (NCRP?) recommends that no action is
needed.
c.  Some organization (NCRP?) recommends sealing floorboards and basement with
epoxy resin.



17.

18.
19.

20.
21.

2.
24,
25.
26.

28.

29.
30.

31.

d.  The most damage is produced by the radon daughters.
What is the average sea level background exposure in mSv/h?

Given A, I', and HVL in Pb. What is the exposure rate at 50 cm behind 4 mm Pb?
Given J/kg °C, what is the required dose to produce a 10°C rise in temperature?

Given a chamber of active volume 10-3 m3 and given Pair. Forreading of 10 R/min, what is
the current in nA?
For a charged particle in vacuum, which of the following motions produces an EM field?
straight with constant v, straight with constant a, circular with constant v, circular with
nonconstant a.
1 byte is: 1 PC word, an ASCII character, 3 octal digits, 4 hex digits
Given a 512 x 512 x 1 byte image. How many bits?
Something about MIPS.
Optical disks are preferred over magnetic tape because: easier access, can read/write more
often, ...
Total of 2 questions worth of T/F statements on ultrasound in tissue:
a Transverse wave.
b Compression wave.
c.  Subject to destructive interference.
d. Attenuation is proportional to wavelength.
e.  Produced using a piezoelectric crystal.
f.  Detected using a diectric (sic).
g.  Wavelength range is 1 x 109 to 5 x 103 Hz.
h Subject to refraction.
. Produces ionization.
T/F statements on communications channels (no specifics given):
. Have 1 or more characteristic carrier waves.
. Must have a parallel channel for duplex.
. Can only carry analog info.
T/F statements about 14C:
a.  There is no more left on earth.
b.  Created in atmosphere by cosmic rays.
d.

—

a
b
c

c Created in burning fossil fuel.
Created in atomic bomb tests.

e.  Organisms select 14¢ gyer 13C.
Given the equivalent dose to various parts of the body and the WT values, what is the
effective dose?
Put X uCi in organ of mass Y. Eliminated with given t1/2 effective- What is cumulative
dose (but used different term) in uCi-h?
A ball is thrown straight up with v = 6 m/s. How long until it reaches the top of its
trajectory? Given g.
T/F statements about Fourier transform. Given the formula for a transform, statements were
about the formulas for the coefficients and the periodicity.

NOTE: No questions on: hyperthermia, statistics, lasers.



THERAPEUTIC PHYSICS 6

1.

2.

O 0 SN

20.
21.

Given an electron beam with EQ = 7.1 MeV at the surface, Ez =4 MeV at 1.7 cm depth.
What is Rp?
Given tabﬁzs of TMR values, FDD values at 100 cm SSD, and graph of output factors at 100
cm SSD, asked to calculate:

a.  MU:s for isocentric treatment to 90 cGy from each beam, given patient thickness.

b.  Cord dose for above, given cord depth.

c.  Errorin dose if treated at 105 cm SSD by mistake.

d. MUs for treatment at 120 cm SSD. :
Given tables of TAR values, FDD values at 80 cm for 6OC0, asked to calculate:

a. TMR.

b. Isocentric treatment.

For HDR, given A, T', P, d, T, and U. What is the shielding required? What is W in time
per week?
T/F statements about TG-21:
a.  For calibration of photons in polystyrene:
1. The SSD should be changed.

1.  (Uen/p) is needed to convert to dose in water.
iii.  Dose in poly is 1% higher than that in water.
iv. The detector depth should be changed.
b.  For calibration of electrons:
i. A parallel-plate chamber should be put with the center of the sensitive volume
at the point of interest.
ii.  The measurement point for a cylindrical chamber should be (2/3)r upstream?
What is the TG-40 requirement for light/radiation field coincidence per side?
Calculate dose to a given point from a cylinder loaded with 3 Cs-137 sources using given
along-and-away tables.
Given a source with 1.4 cm active length. At 2 cm away and O cm along from the source,
what is the error in dose (in terms of percent) in assuming a point source?
Given an irregular surface with 4 cm missing tissue, how much Al is needed to compensate?
Given p and pen/p and told to neglect scatter.
Question on 89sr.
A patient is loaded with X mg.Ra.eq. Assume tissue over sources is ~1 HVL. What is the
exposure to anurse at 1 m?
Shielding calculations for linacs and sims.
Questions regarding the rationale behind hyperfractionation.
Questions about QMP.
T/F questions regarding 131y,
Given P, etc., and output at a wall, how much additional shielding is required?
For a conservative setup, the primary barrier for sim in fluoro mode is: II assembly, film
cassette, wall, ...
Calculate the shielding required for an office near an x-ray tube machine. Given everything
(M.
There is a thin crack in a wall of a treatment room. A wide field meter pressed against the
crack reads 1 mR/hr. Away from the crack (along the wall) the meter reads 0.5 mR/hr. The
actual dose rate at the crack is: 0.5, 1, < 0.5, between 0.5 and 1, >> 1 mR/hr.
T/F: For survey of linac, the survey meter should be calibrated at 60Co energy or above.
T/F questions about which of the following situations present cause for concern:
a.  Dose rate of an uncontrolled area is 2 mR/h.
b.  Dose rate of a controlled area is 50 mR/hr. (? not sure of the question)



22.

23.

24.
235.

26.
27.

28.

29.

30.
31.

32.

33.
34.

35.
36.
37.
38.

Scatter shielding question given P, dgec, dscat, @, T, W. No F. Looked like a simple
problem, but my answer was very different from any of theirs (several orders of magnitude).
For a given wall, require X inches of concrete but only have room for Y, so will make wall
of concrete and steel. Given HVLs for both concrete and steel, what is the minimum
thickness of steel?

Given TVL in Pb, how much is radiation reduced by X mm Pb?

Given the following diagram, T/F statements about relative doses. Iforget what energy or
whether energy was given.

a. Doseat B <dose at A.

b. Dose at C < dose at D.

c. Dose atE is max if E is 1.5 cm from the interface.
NIST calibrates brachy sources in terms of: air kerma, absolute activity, dose rate, exposure
rate constant.
A large-breasted patient is treated with a plastic spoiler in the beam. What is the purpose of
the spoiler? increase subcutaneous dose, increase surface and subcutaneous dose
simultaneously, shield electrons, ... :
A 30° wedged field is made up of a 60° wedged field and an open field. The central axis
transmission factor is 0.25 (did not state for what!). What is the ratio of MU for
wedged:open? 4:1,2:1, 1:2, 1:4 (no 1:1) '
Give 50 Gy (did not state to what depth or percent depth dose) with a 16 MeV electron beam.
What is the dose at 9 cm depth?
What is the fraction of bremsstrahlung for an 18 MeV electron beam? 1%, 5%, 15%, ...
Want to match lateral opposed fields to an anterior SCV field. Given field sizes and SSDs.
What is the required table kick for the lateral field?

“The penumbra of a 10x10 field is 7 mm. What is the penumbra for a 30x30 field? 5 mm, 8-

10 mm, >10 mm.

For 6OCo, how far is the block tray from the patient surface? < 16 ¢cm, 16 cm, 22 cm, ...
For a linac, given output and the desired dose level beyond the jaws, how thick do the jaws
need to be?

For a given energy of linac, what is the primary source of radiation behind the gantry?
leakage from the head, bremsstrahlung from forgotten source, scatter from the collimator,
scatter from the patient.

At what energy does a linac start to produce neutrons? 5 MV, 8 MV, 12 MV,...

Question about neutron dose on the central axis with respect to the photon dose. Asked for
"dose equivalent”, not just “dose".

Questions concerning the equation for the Boag two-voltage method for determining Pion.

Note: No questions on T or U values, radioactive source transport.



QUESTIONS FROM 1996 ABR BOARDS (WRITTEN)
A. GENERAL PHYSICS

1. A truck is on a bridge given weight of truck, length of bridge distance
from end of bridge to truck. What is ton on bridge at one end?

2. Ball thrown in the air give time to reach peak. Given initial velocity.

3. Given batteries in series then reversed. What is current. Given initial
voltage and current.

4. Given Poisson distribution problem. Formula given, data given for 3 runs.
Was asked what distribution for next run would be. Ie N is now 4 not 3.

5. Had many shielding problems.
6. Almost no Ultrasound, CT, MRI, or film questions.

7. Questions on converting Bin to Hex No’s and Oct to Hex etc. A couple
you could use the calculator they gave you, with one you had to do
longhand since it overloaded the calculator.

8. Calc. Storage required for 256 x 256 with 16 Bit matrix.

9. Had to convert to SI and back. Some questions had data in one form
and answers in other.

10. Had questions on a wedge with thickness 0-10 mm. Had to determine
attenuation at point under wedge.

11. Had mammo question. Surveyor used wrong Al. Filter to get HVL.
How much % error would he get? Data given. Answers were 1,2,4.6,10
%.

12. Had questions using similar triangles. One I remembered had to do with
the convergence point in eye and what image size would be at back of
eye.



13. Question on pH in a Fe dosimeter.
14. Questions on pin hole and star devices which are more accurate, use of,
etc.

15. Effect a cracked target has on an exposure.

16. Crack in wall is reading on other side of wall. Data given.

B. THERAPY :

1. Shielding questions on:
a. Scatter Barrier
b. Primary Barrier
c. Sim Room
d. C’s implant

2. Dose to a point :
a. Nurse at her station given data, distance, source, strength etc.
b. Given drawing calc “B” for a wall
¢. Dose to floor above ceiling

3. Many questions on NRC

Can they make you fire someone

Can they fine you

Can they remove someone from your license
Can they remove your license

Etc.

opo o

4. Give new FS given SFD and Pt thickness and move SSD from 100-80
with ie linac down Tx on Co.

5. Calculate collimator and table angle to match head and neck field with
spine field.

6. Calculate cord dose from midline dose in SAD technique.

7. TMR from % DD or TAR



8. Calculate eq. Sq field from blocked field.

9. Do inverse sq. Calculation.

10. Questions on TG 40 & 21. Various questions, mostly concerning
definitions in TG 21 and allowable variances on TG 40 ie
table travel, light to ray, field size indicator etc.

11. Some T/F questions concerning neutrons.

12. Many e questions multiple choice and calculation.

13. Calculate time for Co. Tx (4 questions) various types. Ie SAD, SSD,
entrance and exit dose etc. '

14. Calculate Mu set for Linac. Same type as with Co. ( 5 questions)

15. Given a contour with missing tissue calculate isodose shift using
density, e density and /JL

16. How many days for Ir to decay to 95% of original activity. Must know
T 2 Ir (not given).

17. calculate virtual SSD, data given.
18. Calculate mean free path of e.

19. Calculate Eo and Ep.
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1996 Diagnostic (Writtsn Part)
MRI Pulse ssquence, Spin Bcho, shielding materials for MRI Cu, Al,
Steel? :
Ultrasound Pulse repitition, Fresnal range, duty factor,
frequency, maximum powsr mW/cmi2, deppler angle, shift for blood
- flow ‘
'Sensitivity and Specifiaity
kvp vs exposure and increase in dose with Increase in kVp
H & D curve, Gamma gradient

Mammography magnificaton, ACR protocol

Exposurse limits for occupational and non cccupational, pregnant
worker

Grida, grid ratio, biucky factor, increase in doge ?

Fluorcoscopic II 6" vs 9", maximum exposure rate and regulatoru
requirements for alarm -

'CT noise, artifacts, increase in kvp vs dose, T dose CTDI, CT
numpber veg attenuation, €t contrast resgelution. ¢t detectors 3rd ve
4th generation scanners

Phosphoresnce and Fluorecent screen

Attenuation coefficient

FPormula and all guantities for ahieldihg caleulations

NCRP #116 Dose limits

Film density vs contrast relationship

Filn screen gpeed vs dose

Dose from AP lumbar spine vs Lat Lumbar spine procedures, dose from
cervical spine, KUB, chest dose

Film processor what chemicals for developer, fixatlion ete., drop
time

Standard deviation, noise

Focal spot measurement, sllt camera, given FS size on film, what is
actual F8?

ABRSSDIG
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General Format
ABR Written Exams in Radiological Physics
October 10,11, 1996

As usual, the written exam was broken into three parts, though the ABR considers it two parts: Part 1 -
General Physics, consisting of a clinical portion and a general physics portion, and Part II - Speciality
Physics (Diagnostic, Nuclear, and/or Therapy). Those taking all three specialties are both brave and a
little nuts, but it can be done. Depending on your speciality, you may be taking Parts I and II on the
same day, or on different days. For those taking both on the same day (this year it was the Nuclear
people), some mental marathon training is essential. You should be prepared for brain-lock after 7-8
hours of intense concentration.

The general physics exam lasts 3 hours, the clinical exam, 1 hour, and the speciality exam, 3 hours. The
1-hour clinical exam seemed much less than 1/3 as long as the other two. Perhaps because the
questions test wrote-learned material - either you know the answer or you don't. There's nothing to
figure out. Everyone finished well in advance of the 1-hour, but of course, there's no going on to the
general physics exam which is sitting at your feet.

The two longer exams consist of the following grouping of questions:

25 Easy Type A (18%) - Single best answer, mini problems - (ABR calls these "Easy" - ha !)
25 Hard Type A (54%) - Single best answer, multi-step problems.

100 Type X (29%) - True/False statements about a topic, grouped in fours or fives.

You're foolish if you don't do the middle group of questions first. These comprise 54% of the exam,
and they seemed to take about 90 mins to complete. - If you get them all right, then you can forget the
other two parts! The next step should be the last 100 questions. They comprise the next greatest
weight (29%), but you also feel less nervous about having an empty answer sheet since these go very
quickly. Again you either know the answer right away, or you don't know it at all. The first 25
questions are worth only 18%, and I found them tougher than their weight would suggest. That's
another reason to leave them to the last.

The specialty exam seemed a fair test of the practice of medical physics. Broad coverage of practical
aspects of the field, and a smattering of esoteric trivia that only the very experienced or very studious
medical physicist will know. The general physics exam is very broad, covering stuff as far back as
freshman physics, rigid body mechanics, a little calculus, and electrical circuits. You should spend some
- “time reviewing the basic concepts, but it's basically a physics extravaganza, so you can't possibly cover
it all.

The required use of a lame, Radio-Shack EC-4045 calculator is an afront to all physicists. It's almost
like requiring us to take the exam in a different languange. If you feel so inclined, like I do, write a
letter to Paul Capp, or whoever is the current executive director of the ABR and complain about this
egregious policy. I'd prefer the use of increased time pressure to deter the use of alphanumeric/memory
capabilities. Better yet, a list of approved calculators, including one that uses reverse polish notation.
You'll find you use your calculator a lot, and that you'll waste plenty of time hunting for those everyday
functions if you're not familiar with the EC-4045. You might mention in your letter that this model has
been dicontinued, so you can't even buy one anymore.
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Part I._General Exam - Clinical Portion

SINGLE BEST ANSWER

1. The following best describes the anatomical location of the foramen magnum:
A) Congenital opening in the interventricular septum

B) Congenital opening

C) Opening in the bone just inferior to the calavarium

D) Opening in the innominate bone medial to the acetabulum

2. The cancer whose incidence is highest in the human male population of the United States:
A) Brain

B) Colon

C) Skin Cancer

D) Prostate

E) Lung

3. The most radiosensitive stage of the cell cycle is:
A) Gl

B) G2

S

DM

4. The cancer causing the most deaths among the US female population:
A) Brain

B) Cervix

C) Breast

D) Ovarian

E) Lung

5. The phrase "transurethral resection" probably refers to which of the following procedures:
A) Curettage

B) Biopsy of the kidney

C) Prostate surgery

D) Urethectomy

E) 7”7 ‘

6. Almost all breast cancers arise from:
A) Connective tissue

B) Glandular tissue

C) Adipose tissue

D) Subcutaneous tissue

7. "Neoplasm" is best defined as:
A) Abnormal growth

B) Malignant lesion

C) Benign growth



D) Cancer
E)

8. The following cancer develops secondarily to AIDS:
A) Hodgkin's disease

B) Kaposi's Sarcoma

C) Lymphatic leukemia

D) Anal carcinoma

E) Lung cancer

9. The Circle of Willis is:

A) the circle formed by the transverse, descending and sigmoid colons
B) the circle formed by the stomach, duodenum, and upper small bowel
C) the pattern of blood vessels supplying blood to the brain

D) the patten of lymph nodes in the axilla

E) the circles under your tired eyes

10. Which of the following is most likely to cause gallbladder contraction:
A) ice cream

B) bread

C) water

D) apple

E) asparagus

(TRUE/FALSE)

Regarding the chest x-ray shown (planar CXR shown, label A above the heart):
11. the trachea is displaced

12. the thyroid is enlarged

13. A is the aortic arch

14. the costophrenic angles are clearly visible

15. the image is overexposed

Regarding the image shown (transaxial CT of the pelvis shown, four labels A, B, & C near midline, D
gluteus maximus):

16. the image is an MRI of the pelvis

17. A'is the bladder containing a small amounf of contrast

18. B is the uterus

19. Cis the rectum

20. Dis fat

The following are considered bones of normal human skeleton:
21. Hyoid

22. Stapes

23. Putamen

24. Fundus

25. Scapula
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The following are considered part of the endocrine system:
26. Sebaceous gland

27. Prostate gland

28. Pancreas

29. Thymus

30. Salivary glands

The following word roots have a meaning related to "color":
31. erythro

32. leuko

33. melano

34. cyano

35. chromo

The peritoneal cavity contains the following:
36. liver

37. adrenal glands

38. thymus

39. iliac artery

40. spleen

The thorax contains the following:
41. portal vein

42. esophagus

43. pulmonary artery

44. pancreas

45. hypothalamus

The bones of the upper extremities include:
46. tibia

47. radius

48. humerus

49. ulna

50. fibula

The following vessels carry oxygenated blood:
51. superior vena cava

52. iliac artery

53. pulmonary artery

54. pulmonary vein

55. hypothalamus

The active growth areas in immature long bones include:
56. paraphysis

57. epiphysis

58. diaphysis

59. medullary cavity

60. cortex



Bones involved in the knee include:
61. fibula

62. ulna

63. tibia

64. radius

65. femur

Regarding the lungs:

66. consist of two lobes on either side

67. have both oxygenated and de-oxygenated blood supply
68. gas exchange occurs at the level of the bronchi

69. pulmonary vein carries oxygenated blood

70. enclosed in a fluid-filled sac

Regarding the function of the lungs:

71. Tidal volume is the volume air taken in during an average breath

72. Vital capacity is the difference between the end of expiration and maximum inspiration
73. plasma partial pressure of CO» critical in initiating breathing

74. lungs remain 15-35% inflated after expiration

75. expired air contains less than 10% oxygen

MATCHING
(175-177):
A)  Atomic-number difference
B) Lag factor
C) H&Dcurve
D) Compton effect

175.  Subject contrast
176.  Film contrast
177.  Scatter contrast degradation



1.
2.

Several questions concerning the NRC regulations. (see below)
Calc. dose to cord

Giver
J
7o Cm 5;;’2\
fj\___
l( 4o

=000 N OV L L

17.
18.

R N B N N
dJu L) P e O O

Many questions in TG 41.

Some TG 30 questions.

also TG?? On electrons.

Dose to patient on Linac x3} Needed to interpret charts, Inv sq.
Dose to patient on Co. } Eg. Sq. Calc. etc.

All data was given when isotopes were involved i.e. T1/2, HVL, [ factor etc.
TMR calculations

. Given dose to an isodose line i.e. 200 cGy to the 105 % isodose line what is given dose for

100% to field #1.

. Follow up to above lat field had a wedge and askéd to calc given attenuation of wedge and

asked to calc given dose use data from above.

. F factor calc. given/(/c’ H20 and muscle etc.
. Thickness of Al needed to compensate for missing tissue. Factors given.
. Scand Sp cale. given TMR. Collimator open 40x40 blocked to 8x8. Cale. Mu for midline

dose.

. Neutron questions width of maze effect on scatter energy at end if maze. T-F A wider maze

will give less scatter at the door than a thinner maze.

. Given a 20 MeV neutrons and the door mounted backwards i.e. Borated polly on outside.

what is the energy of the gamma coming off polly? Given choice of answers 10 KeV
neutrons, 10 KeV photons. .5 MeV photons, 100 KeV photons and 10 Mev photons.
questions on acceptance checks for wedge factor. See below
In commissioning a new linac with 6 and 18 photons and electron up to 20 MeV you should
determine neutron dose from which selection of beams.

a. Both 6 and 18 photon
b. 18 photon and all electrons

c. 18 photon and 20 electrons
d. 18 photon only

. Gap calc.

. Manard’s f calculations.

. Many brachy question all factors given (7 and T1/2 ete.

. Calc dose from Ir after 45 days. Given Do= 8cGy hr T1/2 must convert days to hours etc.

. Could not remember any HDR or stereo questions.

. Many WF questions. Te wedges from fields 90"and 220%and 180 apart. in plane cross plane

dift FS, depth doses, dynamic wedge.



25.

26.
27.

28.
29.
30.
3L
32.

loBe ]

33.
34.
-35.
36.
37.

-

Dose outside of Rm need for additional shielding or if it meets NCRP standards. T1/4, Ul/4,
and W, given instantaneous dose rate. Reduce to 2 mr/hr (similar to questions on previous
exam).

What is allowable dose to frequently exposed member of public?

Dose at 2 cm depth on field prescribed to 6 cm depth with cobalt 60 and 9 MeV electron,
electron %DD curve given. 5Gy electron and 40 Gy at 6 cm depth with cobalt 60 no cobalt 60
data given.

Target angle of therapy x-ray unit greater than diagnostic unit. (T-F)

Target of therapy x-ray unit not transmission type (T-F).

Skin dose from superficial unit greater than electron. (T-F)

Many simulator questions, can’t remember exact questions.

Some radio biology questions.

The NRC requires a wipe test on linac collimators made of depleted uranium. (T-F)

You can drill/screw into a depleted uranium collimator? (T-F)

Linac jaw are made from natural uranium? (T-F)

Natural uranium is commonly used as jaw material for linacs. (T-F)

What provides the greatest contribution to the dose from I-125 implant.

gamma rays

fluorescent photons

auger electrons

beta rays

. internal conversion electrons

oo o

. When commissioning a set of new wedges. which of the following must be measured?

a. wedge factor vs. Depth

b. wedge factor vs. Field size

c. wedge factor vs. Off access

d. wedge factor for the average chamber reading with gantry at 0 and 180 degrees.

Can not attest to exact format on wording of questions but the idea of what they were looking for
is stated. I felt it was a fair test and had many appropriate questions asked. [ finished with '
hour to spare. One unique screw up on exam. 2 of the 15 point questions had the correct answer
marked in the text booklet, they were marked with a * .

Good Luck



ABR Written Exam Questions for AAPM SC Chapter Notebook

Advice:

Study the following:

(1) Bushberg’s Diagnostic Radiology Physics - this is the best choice (and one of the co-
author’s was an examiner for the orals- Seibert: If you can’t use this book, then use
Christiansen’s Introduction to Radiological Physics all the way through including
shielding and radiation Dose

(2) Sorensen and Phelps for chapters on Counting Statistics

(3) Hall for Radiobiology and especially effects of radiation

(4) John’s and Cunningham - Chapters 1-9 and 15 (radiation protection)

(5) Regs- specifically NCRP 116 (not 93) for dose limits for workers and others

(6) Important to remember that this is closed book and that NO constants or tables are
given. Several times I had to convert from rad to Gray and remember that 1 rad = 1
cGy. But the problems are often given to make sure that you can manipulate the units
correctly (values given in mGy or mrad and converted to Gy, etc.). There was also a
problem that required the speed of sound in water and the value was not given - You
HAVE TO MEMORIZE THESE!

(7) The format of the 97 exam was: 50 questions for the clinical part in 1 hour, but
everyone finshed with plenty of time; 150 questions for the general part - 25 moderate,
25 difficult and 100 T/F questions; 150 questions for the diagnostic part - 25 moderate,
25 difficult and 100 T/F. The T/F questions always went pretty fast and I think I did ail
100 in less than an hour. This allows you to concentrate on the more difficult (and
more weighted) questions. Some questions just appeared to be impossible or could

take up a LOT of time to figure out; don’t be afraid to guess and move on.




Hi Peter :

These are some of the questions that appeared on PART I of the ABR physics exam, which I took in 1998.
I don’t remember the exact questions but I recall the general topics.

Anatomy section —

1. Question on the heart ejection fraction — information about volumes of blood pumped during
diastole and systole were provided.

2. T/F question on the mantle field anatomy.

A CT scan of the pelvis was provided and various structures were labeled for identification.

4. Question on the digestive tract and about different the different enzymes used to digest various
types of food.

5. An MRI brain scan was provided and we were asked to determine whether it was T1 or T2
‘weighted. Several questions then followed and relied upon whether the scan was T1 or T2
weighted. This meant that if you answered the first part wrong, you would probably get all the
others wrong.

w

The anatomy section consisted of about 100 questions and was administered before the general physics
exam. The allotted time was 1.5 hr, if I remember correctly, but most everyone was done within 1 hour.
This section of the exam was fairly straightforward and there appeared to be no major pitfalls.

General Physics Section —

1. Question on calculating the neutron activation in a material.

2. A circuit consisting of a resistor and an inductor was provided and two questions were asked
relating to the currents and voltages at different times after opening and closing the circuit.

3. Question on calculating the rotational inertia of a disk.

4. Question on the rotational kinetic energy — question related to rotational kinematics.

5. Anintegral with a log function was provided and required evaluation.

6. Several questions relating to diagnostic physics, including questions on diagnostic x-ray target

currents and output, shielding, etc.

7. Several questions on the linear quadratic model; graphs were provided and questions were asked
relating to alpha, beta, fractionation, etc.

8. A few questions relating to the use of the equation e™ in various materials and for various
energies.

9. A nuclear medicine T/F question on well chambers and the types of radiations observed with
various sources, such as Na-22.

10. A T/F question on the F-factor .

11. A T/F question on the gamma constant and various factors it is dependent on.

12. Several questions on statistics relating to the mean and standard deviation.

13. A question on counting statistics relating to counts from a detector, background counts, etc.

The general physics test consisted of 5 and 15 point questions and about 50 T/F type questions. The total
no. was about 130 questions. The 5 point questions and T/F were fairly straightforward, but the 15 point
questions were very challenging.

Sorry about not being able to provide more information. I will write things down right after I take part II
this year.



Questions

Clinical:

Contrast-enhanced CT image of the thorax with a structure labeled with the letter A:

Answer T/F for the following:

1.

A describes the Inferior Vena Cava

2. This image is at the level of T5
3.
4

. The rectus is anterior to the psoas

The kidney is brighter than the liver in this image

MR image of the brain provided, answer T/F for the following:

1. The white matter is brighter than the gray matter (I blew this one)

2. The brighter pixels in this image are from structures that have a high fat content

General/Diagnostic

1. Answer T/F for each of the following statements about modern CT scanners
1.1.  Canresolve an object of 1 mm diameter with a 1 HU difference
1.2, Can perform a scan in 1 second
1.3, An electron beam CT scanner can complete a scan in .1 second

2. How long does it take for an electron to travel from anode to cathode in an X-ray
tube operating at 150 kV where the separation from anode to cathode is 2 mm. 1
think the mass of the electron was given.

3. If an administrator spends 4 hours per week in his executive bathroom and that

bathroom shares a wall with an X-ray room with the following workload
characteristics (several characteristics such as workload, distance to wall and
exposure and shielding), what is the weekly exposure. (Note: I worked this
problem through assuming that this was a Radiology Administrator and that this
person might fall under the “radiation worker” category. When my calculations



didn’t match ANY of the possible answers, I went back and treated the person as a
member of the general public and realized that it did not say “radiology”

administrator.)
Several questions about the annual dose limits, including:

NCRP 116 states that in a life saving procedure, the following radiation dose limit

applies for diagnostic procedures (answer T/F):

4.1.  NCRP does not give a specific guideline for life saving procedures

4.2. 4Gy
4.3. 3Gy
4.4. 5 cGy

Calculate the Doppler shift under the following conditions 2 MHz beam, velocity of
blood is 3 mm/s and angle is 45 degrees.

In the general part, there were at least a couple of questions that were simple

problems disguised as difficult physics problems; one was

6.1.  The equation for air kerma is:

which turned out to be an easy integral to solve and the answer was just the

ratio of the the two definite integrals.
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ABMP Radiation Therapy Part IT (Chicago 2000)

The exam contained 151 questions broken into 3 sections. There were the familiar K-type along
with a section of matching and best choice. The K-type comprised almost 50% of the exam. The
total exam time was 4 hours.

I can't recall enough of the answers to include them but be sure to understand the full concept of
each question. They tend to give you the obvious answers but throw in some little known facts to
see if you have a clear understanding.

Make sure that you read all the reports such as TG-43, 40, 21 and 25 along with appropriate
reports. Also be sure to know rules of thumb. The vast majority of questions work off of those
two areas.

1. What % transmission for a primary beam stopper?

2. If the original isocenter is placed at midline and then moved laterally to the center of the target
volume, what would happen to the dose?

3. Limit of leak tests?

4. What would cause a significant change in dose rate of a linac?

5. What are table requirements for stereotactic radiosurgery?

6. Question regarding x-ray production in a simulator.

7. Question regarding port films and how are they best done.

8. What factors are needed to determine the size of a tumor? (TSD , TFD etc....)
9. For a 5 cm error in setup what is the % change in PDD?

10. Changing an SAD setup to an SSD. What happens/changes?

11. TD 5/5 of kidney and liver.

12. Why was NIST 99/TG-43 implemented?

13. Clarkson question on necessary info to account for blocked field.
14. Kerma as related to absorbed dose.

15. simulator vs. linac checks as required by TG-40.



16. Average E of photonuclear particles in a linac.
17. HVL calculation with lead and concrete.

18. If a chamber in a water phantom goes Smm deeper on one side of the CAX, what would
change in the measurements?

19. IMRT question on required to input to do a plan.

20. Question on pituitary radiation. Know dose to critical structures.

21. Know order of escalating doses for prostate, kidney, breast and seminoma
22. Why is there no Bragg peak for electrons?

23. Relationship for TAR, BSF and TMR

24. If PDD = ? then TMR = ?

25. If you had an 18x and 18e- for a paratoid, how would you weight them?
26. Abut fields for electrons and photons. What happens to dose distribution?
27. Know properties of a GM detector.

28. Minimum thickness of cerrobend for a 22e- beam?

29. Factor of degradation of incident photon energy to scattered.

30. Most common late effects of hodgkins?

31. What should you do to reduce dose to contra lateral breast?

32. Bragg-Gray cavity theory and what it represents.

33. CT vs. MRIL. Why do we use them both and not just MRI.

34. How would you measure dose profiles for stereotactic?

35. Door shielding question with regards to what is needed from the inside of the door to the
outside.

36. In a mantle field, what would receive the highest dose. (celiac, axilla etc.....)

37. What are the daily requirements for I/O devices in treatment planning?



38. matching question with exposure rate constant, inverse square, 8.25 and .876.

39. How would you boost cervical nodes after reaching cord tolerance?

40. Dose calculation for 4 field pelvis given TMR and depths.

41. TBI calculation. What is the dose to ankle given info at midline and ankle with an OAF.

42. gap calculation with all relevant information given. (just know the formula)

43. NRC regulations after changing the source on a teletherapy unit requires?

44. Know the use/occupancy factors. A group of matching questions consisted of factors for
secondary radiation, primary radiation, office above the room and outside areas where traffic and

pedestrians might walk.

45. Compensator calculation. Given thicknesses of the head and midline along with TMRs and
compensator transmission factor calc the number of compensators needed.

46. Question regarding BSF. Know all the properties.

47. Know PTV, CTV and GTV. Question regarding relative size of each.

48. Question on MLC. Know general pros and cons.

49. HDR emergency procedures for when a source doesn't retract.

50. Why do you use caps on ovoids?

51. What happens to an electron beam when it is collimated down from a 10x10 to a 4x4?
52. Ratio of photon to electron current linac.

53. What checks to make quarterly on an HDR unit.

54. Average exposure around a Co-60 head that a therapist can receive.

55. What are a physicist's responsibilities when checking charts? (TG-40)

56. If flatness is found off in the cross plane, what might have happened?

57. How do you match spinal field with brain fields for craniospinal irradiation?

58. Be able to convert mg-Ra-eq to air kerma units.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Calc of dose rate at a given distance from an HDR source.

What affects TLD light output?

Question on what can be determined from a DVH.

What should be checked prior to use for electrometers/ion chambers?

NRC requires the output for one set of measurements to be done how often?
The chamber used annual calibrations should be calibrated how often?
Question on arc therapy with electrons and what happens?

Dose calc on arc therapy with photons. (just be able to average TMRSs)

Be able to calc the MU/deg factor for an arc of a certain angle.

Properties of PDD?

Calculation of distance that an electron can penetrate with a certain amount of lung in the

field.

70.

71.

71.

What would you use to measure the profile of a dynamic wedge?
electron beam matching, know the rules of thumb and % bremstrahlung.

TG-43 matching of dose rate constant, anisotropy factor and geometry factor.



TEST:

ABR Therapeutic Physics Exam

TEST DATE: September 2000

TEST FORMAT: 75 multiple choice questions to be answered in about 3 hours

The first 50 questions were “easy” and worth 1 point each.
The last 25 questions were “hard” and worth 3 points each.

Easy-type questions (1 point each)
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Given a picture of non-wedged profile scans obtained using a scanning water
tank, questioned asked what was wrong with the superficial-most profile (which
appeared somewhat wavy in comparison to the others).

One question regarding the spatial resolution of MOSFET detectors. Possible
answers were in units of pm.

Define wedge angle.

State which measuring device would be most appropriate for simulator shielding
measurements for a radiation protection survey. Possible answers included
different types of survey instruments (e.g., G-M tube, hand-held ion chamber) as
well as different sizes of ion chambers (e.g., 1 cc, 10 cc, or 100 cc).

How much dose is delivered from I-125 after 45 days given its half-life and initial
dose rate?

One question about reasons for using a parallel-plate chamber for measuring
output of a 4 MV photon beam.

What is the NRC-required frequency of sealed source inventory?

One question related to a skyshine shielding calculation where person only
needed to recall the formula for computing steradians given a diameter subtended
and distance from source.

How much does a linac’s workload increase for a TBI given the treatment
distance, rep rate at isocenter, and dose to be delivered to the patient per week.

Most probable use for a 9” “rem counter” (as described by Kahn on page 495 of
1994 ed of The Physics of Radiation Therapy). Question was about what this
instrument was used to detect. Possible answers included photons, thermal
neutrons, fast neutrons, combinations of neutrons and photons, etc.



(11)  Question on ICRU Report 50 diagram outlining the GTV, CTV, PTV, TV, & IV.
Person was given an illustration of this diagram and asked to which volume the
arrow was pointing. (For this exam it was pointing to the PTV.)

(12)  One question about the uses and limitations of LiF TLD detectors for use in a
radiation therapy department. Specifically, their accuracy, linearity, etc.

(13)  One question about what is not modeled for a beam for a 3-D treatment planning
computer. Possible answers included upper collimator jaws, lower collimator
jaws, target, monitor chambers, or the mirror. (Answer: mirror since the beam
doses not pass through the mirror, and it does not act as a beam modifier.)

(14) What’s the TG-34 recommended dose limit to a pacemaker? (200 cGy)
(15) " What’s the dose to a kidney that will cause irreparable damage?
(16)  One question on use of bubble-type neutron detectors.

(17)  Which of the following can occur that does not require a full re-calibration of all
beams and beam scanning for a linac? (possible answers: changing klystron,
bending magnet replacement, MU chamber replacement, target replacement, or
waveguide replacement)

(18) Simple inhomogeneity calculations for photons. You’re given physical densities,
electron densities, and mass attenuation coefficients.

(19)  About 5 or 6 questions on TG-51.

(20)  One TG-56 question about coefficient of variation of measured seed strength
before you should notify the company of any discrepancies.

Other things to note: Both old and most recent units used throughout for brachytherapy
and radiation protection problems. Expect to have to convert units.

Hard-type questions (3 points each)

¢y Several inhomogeneity calculations for electrons and photons were asked.
Usually given physical densities, electron densities, and mass attenuation
coefficients. These were a little tougher than the one or two given in the easy-
type questions, requiring one to perform more steps or to solve using a slightly
different method to arrive at the answer requested.
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A couple of questions using %DD and dose calculations for superficial units.

Given the following tangential setup and measurements, what must be the LPO
gantry angle. Although not stated, one must assume IEC gantry angle convention
and directly opposed beams (at my workplace, we usually make our posterior
borders coplanar instead of being directly opposed by 180°). Also, the field size
was given. The axis drawn on the diagram did not indicate if it was the central
axis or the posterior border of the field. Iassumed it was the central axis since
there was somewhat of an isocenter dot drawn on the diagram.

RA°
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Given T/O set-up with a single 15 mgRaeq source in one ovoid, what’s the dose
to a point off the axis of the tandem and superior to the flange. This arrangement
was placed on a grid to give one the distances needed to perform the calculation.

A mixed beam was used to deliver a particular dose to 3 cm depth in tissue. The
beams used were the 9 MeV electron beam and the 6 MV photon beam. The
%DD and surface doses were given in a table for both beams. The requested total
dose was 55 Gy to 3 cm depth and 40 Gy to the skin’s surface. What would be
the diax dose for each beam? (I had to set up a system of 2 equations and 2
unknowns to arrive at one of the possible solutions.)

Several basic dosimetry questions requiring one to calculate MU to be delivered
using %DD and TAR tables for a 6 MV photon beam and a Co-60 unit, including
one at an extended distance.

Some legitimate, clinically relevant questions on make-up doses for mistreated
patients. The setups included wedges, parallel-opposed beams with and without
wedges, switching of MU in calculations, calculating to wrong isodose line, etc.
The dose given to a particular isodose line had to be determined based on the
dosimetric error(s) made, and the correct # of MU had to be calculated for a
particular field to finish the treatment in so many fractions. (This is a typical,
easy problem for any clinical physicist, but can require a couple minutes longer
than other “hard” problems.)
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Had to determine if a linac output check was a certain percentage high or low, or
exactly right. The necessary calibration information was given (e.g., temperature,
pressure, electrometer reading, electrometer calibration factor, chamber
calibration factor, stopping power ratio, etc).

Had to determine if measured activity of an HDR source agreed with its
certificate value. Had to convert units and decay certificate source activity.
Measurement was done in air and 1 meter from source. You were given a
calibration factor of the instrument used to make the measurement. The question
wanted to know if measured value was equal to decayed certificate activity, or a
certain percentage high or low.

Several shielding questions were asked.

One dealt with a maze-less high-energy linac room, and wanted to know what
material would be used to paich a small opening near the door. Possible solutions
included lead, steel, aluminum, borated polyethelyene, etc.

One question dealt with a treatment room for a patient being treated with about
150 mCi of Cs-137. Assuming 50% attenuation by the patient and the nearest
wall was 2.5 meters away, how many extra HVLs were needed to reduce the
exposure level to meet NRC regulations for the occupied adjacent room? The
exposure rate constant was provided, but its units were incorrect. The exam gave
3.26 R cm*/Ci hr instead of 3.26 R cm?*/mCi hr. All answers were > 1 HVL.

Other shielding questions which required one to calculate p using the provided
TVL, and then determine the correct # of HVLs needed to reduce the exposure
level to a requested level, or a level dictated by conventional (NRC) shielding
requirements. '



ABR Board Exam - Part 1 - September 2000

A new exam format was introduced this year. The general physics exam remains 3 hours
in length, but it now consists of 75 multiple choice questions. The first 50 questions were
worth 1 point apiece, and the final 25 questions were each worth 3 points. A one-hour
clinical exam followed immediately after the general physics exam. This exam consisted
of 50 multiple-choice questions.

I was able to complete the general physics exam with about thirty minutes to spare. In
general, I am not a fast test taker. The clinical portion went rather quickly. I finished in
about 25 minutes.

The ABR provided a Casio fx-280 calculator for the exam.

In terms of preparation, the questions in this study guide are enormously helpful. This is
particularly true for the clinical portion of the exam. The clinical portion of the exam
covers such a broad range of topics that it is difficult to prepare for. At least half of the
clinical questions were the same as or very similar to the questions in this study guide
and/or the sample questions on the ABR web-site.

I would caution against putting too much faith in the information provided on the ABR’s
web-site. The web site outlined a test format of 150 questions (25 “easy” multiple
choice, 25 “hard” multiple choice, and 100 true false). This was not the format of the
exam. The web-site also stated that an examinee must pass all portions of part 1 of the
exam before part 2 can be taken. I found out too late that this is not true. Many of the
people at the exam were sitting for both parts 1 and 2. This misinformation is frustrating.
I would suggest calling the ABR to get the answers to any questions that you might have.

One text that was very helpful was Sorenson’s and Phelp’s Physics in Nuclear Medicine
(particularly the chapter on counting statistics). Also, Hall’s Radiobiology for the
Radiologist is of key importance.

Good luck on the test.



10.

11.

12.

13.

ABR 2000 - Part 1 - Clinical

Irradiation during which period of pregnancy leads to the highest probability of

congenital deformities?

a. 0-10days
b. 10-18 days
c. 18-45 days

d. third trimester

A whole body dose of 1 Gy is most likely to result in?
a. reduced platelet count
b. diarrhea

Which of the following lubricates joints?
a. sinovial fluid
b.

Which organ controls blood sugar?

A nuclear medicine study of the brain would look at which of the following?
a. glucose metabolism

What is the best technique for imaging multiple sclerosis? (MRI)

CT slice is shown, which of the following is not true?
A is the spinal cord

B is the aorta

C is the liver

D is a kidney

E is the psoas major

opo o

Where would a glomerulus be found? (kidneys)

The first site of spread of breast cancer is most likely to be?
a. axillary nodes

The term metastatic means?

A metastatic neoplasm that has not spread beyond its initial location is called? (in

situ?)
Blood flowing into the left ventricle passes through which valve? (bicuspid)
Which part of the eye is most radiosensitive?

a. lens
b. retina



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

C. cones

d. rods

A loss of equilibrium is most likely associated with which of the following?
a. brain stem

b. cerebellum

c. frontal lobe

d. occipital lobe

e. cerebellum

Most nutrients are absorbed where?
a. duodenum

b. colon

¢c. rectum

d. ileum

The liver has how many main lobes?
Which of the following is not a bone of the upper extremities? (patellar)

The most radiosensitive stage of the cell cycle is?

a. GO
b. Gl
c. G2
d M
e. S

Breast cancer is most commonly seen in which quadrant of the breast?
a. upper inner
b. upper outer
c. lower inner
d. lower outer

A MRI of the brain is shown. Which is not true?
a. vitreous humor is bright

b. bone is bright

c. gray matter is bright

Where is the hilus located?

Which of the following vessels contains the most oxygenated blood?
a. pulmonary artery

b. pulmonary vein

c. aorta

The barium in a barium enema serves what purpose? (contrast)



24. The Buccal Cavity is another name for? (the mouth)

25. A worker receives 10mSv per year every year? According to the BIER V report his
increased lifetime risk of cancer is?

26. Which of the following detectors is the best for energy resolution?
a. Geiger
b. Nal

27. The joining of two ends of a severed body tube is called:
a. an arthrosis.
b. an anastomosis.
c. an anastial ptosis.
d. a tubal ligation.
e. a canthosis.

28. The normal function of the prostate 1s to:
a. store sperm.
b. supply the energy for ejaculation.
c. control the supply of testosterone.
d. secrete a constituent of the seminal fluid.
e. secrete prostaglandin.

29. What procedure would be used to image kidney stones?

a. MRI
b. CT
c. [UP

30. At what skin dose is erythema first seen?
31. Which of the following skin reaction is seen at the lowest dose?
32. How many thoracic vertebrae are there?
33. Where are the islets of langerhans are located?
34. Where is cebrospinal fluid produced?
35. Breast cancer arises in this type of tissue:
a. adipose

b. ductal

36. EEG electrodes are used to measure? (electrical impulses in the brain)
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11.

12.

13.

14.

15.

16.

ABR 2000 - Part 1 - Physics
Calculate the kerma deposited by a beam with a photon flux of X and the following
values for p/p py/p.
Which of the following do not influence the MTF of film?

The threshold of hearing is X W/m?. A sound of Y W/m® corresponds to how many
dB?

Electron capture competes with which of the following processes?

Decay scheme is shown. Not all of the energies are labeled. You are asked to deduce
total energy of the decay. The key here is to simply know the threshold energy of
Beta plus decay.

What is natural background per year at sea level including radon?

A 16 bit computer can access how many locations?

One hexadecimal digit can be used to count up to what number?

Which of the following would have the highest LET?

Question on Blackbody radiation.

Which of the following lasers is not useful for fiber optic transmission? A series of
laser types were listed along with the corresponding wavelength.

If 0.1 kg of water is cooled from 40C to —80C, how much energy is lost? Given
specific heat of water, specific heat of ice, and an additional constant (thermal fusion
constant?).

According to the uncertainty principle which of the following cannot be measured
simultaneously.

The area of a copper plate is 0.1 m’. The coefficient of linear expansion is provided.
If the temperature increases from 22C to 100C, what is the new area?

If the workload of a machine doubles, by how much must the barrier thickness be
increased?
a. one half value layer

How long can one spend 50cm from a patient with a 60mg radium equivalent
implant, and not exceed the occupational limit applied to one week?



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Counting statistics. The gross count for 10 minutes was 10000 counts. The
background count for 30 minutes was 19200 counts. What is the net count rate and
its standard deviation?

Given the area of a detector and its distance from the source. What is the detector
efficiency?

Assume a binomial distribution. 4 measurements are taken with a maximum
deviation between 2 of 10%. What is the standard deviation?

Question on the f-stop of a camera.

Given attenuation coefficient. What percentage of the incident photons is absorbed
between a depth of 1 and 2 cm?

What is the increase in the total equivalent dose for an AP versus a PA radiograph?
The dose to each organ (breast, thyroid, lung, and heart) is provided along with wr for

each.

A nonparalyzable records 450 cpm. It has a deadtime of x. What is the true count
rate?

Dg= 0.5 Gy. 2Gy is required to reduce the surviving fraction to 0.53. What is the
surviving fraction if 30Gy are delivered?

A-bomb survival data is provided. What is the increase in relative risk for cancer for
those who received greater than 0.1 Gy?

For a certain diagnostic test, you are provided with the number of true positives, true
negatives, false positives, and false negatives. You are asked to determine the
sensitivity of the test.

Effective half-life problem.

Doppler effect. Given velocity of train, calculate frequency of a sound measured by a
stationary observer.

lel5 bytes is a: petrabyte, terabyte, gigabyte...

question involving rms voltage



ABMP part I (July 2000)
Chicago

¢ Similar questions to those listed in this book for ABMP 1999, part II. Also:
# Define brachytherapy functions, g, F,A

¢ Prescribed doses in TBI w/ photon and electron

o Prescribed doses in SPS, SRT, breast, prostate, seminoma

+3-field treaiment, 180cGy, gantry120deg apart, cqually weighted, lateral beams pass
through 6cm lung, what dose actually absorbed?

¢ Particle accelerators can accelerate positive ions, neg ions, particles with neutral charge

¢Ir-192 transportation: Dept. of transportation oversees it? Transportation index must
match exposure rate? Only sample batches need leakage testing? Activity of Ir-192 must
be indicated outside the box?

¢ 6%, 100cm SSD, d=10cm, PDD=.73. Same beam used for SAD. What’s TMR @
d=10cm?

4 Brachytherapy definitions: anisotropy /geometry / radial functions
# Use of re-entrant ion chamber in brachytherapy source calibration

¢ Earlier NIST shortcoming in anisotropy function calculation of I-125 due to neglecting
what?

#MPD per hr, per vear, next to a linac, during Co-60 operation {cn and off)
¢ A feature in monthly QA of film (when using Co-607?) that’s not used in Linac QA

Good luck !




ABMP 2001 - Therapy physics (part II)

Note: topics identified as “matching” had 3 fo 4 questions a piece

BASIC RADIATION PHYSICS

Given 200 cGy delivered to volume of tissue: different for photons vs. e-? depend on energy? depend on tissue?
Compton interactions - energy of backscattered photon

Know energy where photoelectric and compton interactions are ~ equally likely

Properties of Co-60 decay

EQUIPMENT

If knew volume of chamber, which parameters from TG-21 are not needed

If have 2 chambers of same model & manufacturer, which TG-21 parameters are likely to be different (list included: o,
Nx, Awa]l, Ngas)

Put the parts in tx head in order (list included: monitor chamber, target, collimators...)

Matching: match linac parts with appropriate functions {list included: magnetron, circulator, waveguide...)

Given MHz, calculate the size of each microwave cavity

kV issues(heat vs. brem efficiency, heel effect, output proportional to...)

MV transmission target properties

Methods to measure dynamic wedge

Methods of instant verification for in vivo dosimetry

Properties of LiF TLD

Properties of diodes

Problems with using film for measuring PDD

EXTERNAL RADIATION BEAMS

Matching: match electron energy with “rule of thumb” values (know Rp, %brem, Rso...)
Factors that affect virtualfeffective SSD

Ideal properties of a phantom for an electron beam

If chamber in water phantom goes Smm deeper on one side of CAX change in msmts =?
Properties of photon isodose lines

Most sensitive energy test

When electron beam is collimated to small field, what happens to output

Dose distribution for abuting electron and photon fields

What factors inc geometric penumbra

Issues when increase cone to skin distance for electrons

BRACHYTHERAPY

Calc air kerma strength from mgRakEq for ir-192

Know typical DR for fletcher at: point A, point B, bladder, surface

Matching: match isotopes with appropriate factors (know HVLs, half-lives, average/max energies...)

Given DR at 1 cm perpendicular to Cs-137, what is the DR at 0.5 cm

Calculate DR at 1.5 m given mg of implant, I', 25% atten by pt, and a TVL shield

Know what point A represents

Factors affecting Sievert integral

Prostate implant issues (TRUS, typical doses, urethral complications wrt EBRT...)

Given total dose from permanent implant, calc dose delivered at point in time

Matching: match the essential info (ISL, exposure rate constant, 8.25 Rem2/mgh...) with the source strength
specification (mgRakq, Air Kerma strength, apparent activity...)

RADIATION TREATMENT DESIGN

Esophageal tx planning (typical beam arrangement, does it depend on which 1/3, ...)

Lung tx planning — issues related to MV vs 18MV for small midiung lesion (e.g. build-up and build-down effects)
Calc dose from PAB given information for SCLAV



Calculate dose at cord given dose at prescription depth

Calculate total dose given several beams which fraverse sevi cm of lung

% change in PDD for 5 cm error in setup

SAD to SSD setup, changes

Dose calc for 4-field pelvis given TMR and depths

Calc MU/deg factor for arc of certain angle

Calc dose to point under block given diagram, TMRs for open & blocked fields, block transmission, dose to point in
unblocked portion of field

Gap calc (matching two hemi-body set-ups)

Craniospinal junction — methods for matching fields

For mantle field without compensation, which point recieves most dose (axilla, cervical nodes...)

Combined photon/electron for parotid (why combine, typical ratio, ...)

Wedge transmission factor (A with depth, A with field size, dynamic wedge issues...)

Compensators (list included: independent of depth, independent of field size, use less than equivalent thickness of
tissue, brass comparable to cerro)

Matching: match the best diagnostic study (CT, MR, ...) with each anatomic site (prostate, glioblastoma multiforme ...)

Disadvantages of using MRI for RTP

Factors needed to determine size of tumor (TSD, TFD, etc)

What can be determined from DVH

General pros and cons of MLC

3D BEV planning issues

Critical structures relevant to backscatter from lead shields in electron beams (e.g. buccal mucosa)

SPECIAL TREATMENT PROCEDURES

Matching: match the special (IMRT, SRS, HDR, TSET, TBI) with the disease (myc fungoides, leukemia, glioblastoma
multiforme, bile duct carcinoma)

Given TMRSs for neck and abdomen, calc lead to give equal midplane doses for TBI

T8B! calc — dose to ankle given info at midline and ankle with OAF

Table requirements for stereotactic radiosurgery

Purpose of dual fields for TSET

Methods of IMRT (list included: wedge, dMLC, partial transmission blocks...)

How much is the energy of an electron beam for TSET degraded by 3 m of air

RADIATION SAFETY

Fetal irradiation (know what happens when irradiate during preimplantation vs. organogenesis, whether neurological
damage results if rads during weeks 8-15...)

Primary barrier calc

Neutron detectors

Matching: use & occupancy factors

HDR emergency procedures

Package labeling/transportation (know definition of T, what needs to be on label, ...)

Source leakage limit

When can pt who received pharmaceutical leave hospital

Door shielding — what is needed from inside of door {o outside

Know average energy of neutron distribution

Misadministrations — know %

Dose to fetus from mantle field of pregnant patient comes from...

QUALITY ASSURANCE

TG-40: includes QA for which (fist included brachy sources, chart review, CT sim...)
TG-40: Co-60 monthly QA tasks

TG-40: tasks to perform each time an electrometer/ion chamber system is used
TG-25: know specs for flatness, symmetry, uniformity index



BIOLOGICAL AND CLINICAL CONCEPTS

TDssis (TD stands for..., first 5 stands for..., second 5 stands for...)

Common late effects for thoracic irradiation

Matching: Critical structures (... ) associated with treatment sites (larynx, ...)

Be able to put in order of escalating dose for cure (list included: breast, Hodgkins, seminoma, prostate)
Matching: match TDsss values with correct organ (list included: fetus, lung, optic chiasm...)

Know what PTV includes/represents

Meaning of o3 ratio

Do on survival curve represents...

Matching: match parts (alveoli, choroid,...) with anatomy (lung, eve,...)



ABR 2001 Exams

As a general strategy I would recommend looking into old RAPHEX exams. Do as many as possible. I also
found that there were several questions posted on the ABR web site that looked very similar to those listed
in the exam.

General Exam
For this section, the key is to study Hendie’s book: Medical Imaging Physics

If the efficiency of a 10 atm GM counter is 90% and drops to 1 atm, what is the new efficiency
Detector has count rate of X

Neutron activation, what is the activity of a 59Co source irradiated in a neutron flux with an activity of
X

Radiation protection question

Statistics question

Voltage question similar to demo question on web site. What is the electric field at 0.5 cm from
electrode.

Survival fraction given Do, n, what is Dq

Calculate speed of film given HD curve

Radiation Oncology
Kahn’s book: The physics of radiation therapy is the key reference for this exam.

What is the dose at point X m from source

Match the energy with isotope

Numerous questions regarding shielding for brachytherapy

Given the basic calibration data such as charge, Nx, Pion, Prepl, etc what is the dose / MU value for
the ion chamber. This equation required you to basically plug in the TG-21 values and compare your
answer to the five choices.

MU calculation involving isocentric treatment plan with SAD = 100 cm. Required to look up data from
several tables and determine what the correct MU is.

MU calculation involving extended SSD calculation. This required knowledge of Kahn’s method for
extended SSD treatments. The SSD was 110 cm.

Shielding calculation

Tangential breast treatment question where you were required to determine the angle between the CAX
of the two tangential fields.

Single TG — 40 question

Several questions regarding Federal regulations etc.



ABR Written Exam 2002

General Physics:
A ball 1s thrown into the air with a given velocity. When will it reach its peak.
A question about the angular momentum.

A weight is stiing on a beam that is supported by two cloumns. Given the location of the
weight on the beam, calculate the force on each beam.

A electron travels from the cathode to anode (Voltage and distance was given). How long
it take for the electron to travel this distance.

Given the initial activity and the activity at a time t in a biological system (e.g the
effective half life) and the physics half-life, calculate the biological half-life.

Part (40 %) of the activity is lost with a effective half-life of x, The other part (60%) is
cleared with a different effective half life, calculate the activity at a time t.

Two isotope have a given count rate in window A and B respectively. For a mixture
calculate the activity of isotope B.

A ultrasound beam impinges at an angle X onto an interface. What is the angle of the
reflected beam (desities were given)

A question about the pulse repetition frequency of a ultrasound transducer. The focal
depths was given

At agiven frequency a ultrasound beam is attenuated by 20 dB. If the frequency changes
from 2 to 4 Mhz, what is the new attenuation.

RC circuits.

Compton scattering. Angle and initial energy are given. Calculate energy of scattered
photon.

Beta plus decay, amu's are given. Calculate the max energy of the positron.
The hex equivalent to a binominal number.
Calculation of accumulated dose

What is the accumualted dose of an I-125 implant after 60 days.



Image of 512x512, gray scale of 64, info transmitted at X baut rate, how long does it take

Two batteries are connected in series through a resistor. One of them is flipped, what is
the new current.

A 2 tesla MRI scan. The sample has a contamination of 10 ppm. What is the noise that is
introduced.

Clinical:

Where is the foramen Magnum.

What is Meiosis

Where are the adrenal glands.

What makes the gall bladder contract.

Flow of blood through heart.

How many cranial nervers are there

If a patient is dehydrated, the patient lacks ?7??
What do you use a thallium scan for

What scan do for a Hiatal hernia

Function of cerrebellum

Function of spleen

What connect the two cerebral hemispheres
Male chromosome are XY or XX

Graph of two survial curves, What is identical (Do, Dq, n, OER)
Order of the small intestine

What causes portal hypertension

Which artey is the main blood supply for the liver



Part II, Therapy:
Lots of shielding questions
How often do you calibrate the barometer

A concrete wall (66 inches) is to be replaced with a thinner wall (36 inches) consisting of
concrete and steel. TVL of steel and concrete were given. Calculate the steel thickness.

Lots of MU calcs, SSD to SAD, Entrance-Exit dose, extended SSD.

TG-51: for photon calibration, above how many MV do you have to use how thick a
layer of lead at how many cm from the source?

How much difference will the calibration be by using TG 21 and TG51 for photons? 1%
higher, 3% higher, same, 1% lower, 3% lower.

A brachytherapy line source, with thee separate sources. What is the differnce in the dose
rate for a point perpendicular to the center source relative to a point perpendicular to the

end source.

What is the difference in a baormeter reading if the readings are taken aa a height of X
and X+50 m.

What does the term sliding window mwan in IMRT

Couch kick on a cranial spinal treatment.

A sim-film is taken for a 100 SSD setup. Patient is treated at 80 SSD. What is the
assumed Souce-to-Film distance to correctly cut the blocks for the new 80 SSD.

For a x ray tube with 100 mA and 100 kVp, the HU has a sigma of 1.5, if the current is
raised to 400 mA, what is the new sigma of HU?



10.

11.

12.

13.

14.

15.

There are three hours to do the test. Questions #1-50 make up 40% of the grade.
Questions #51-75 make up 60% of the test. You will have enough time to finish
the test if your work fast.

How often do you have to re-measure the room shielding for HDR.
What happen in after the thyrotron fired?

Given the attenuation coefficient of 0.018 cm2/gm, depth of 5.5cm with dmax of
2.0cm, What is the percent depth dose at depth? TSD=100

Three 10 mg Ra-Eq each Cs sources in a straight line. The active and non-active
lengths are given. Point A is 2cm from center source. Point b is 2 cm from the
first source. What is the exposure ratio of at B to A? See picture below

|2cm ]
B A

What is the best device for IVBT source calibration?

According to the task group, where is the reference point for IVBT? (2 mm from
source center)

Given Field AP-PA 10.4cm and Sup-Inf 16.8 cm with SAD setup, find the table
kick angle to remove the beam divergent.

Given source size 3cm, SSD of 100cm, depth of 10cm and SDD of 30cm,
Calculate the physical penumbra.

A point is 2 cm outside of a 10x10 treatment field at 10cm depth, what % of dose
does it get?

Patient simulation was done with 17.5 x 22, 100 SAD setup, thickness of 22 cm,
film at 130cm. It was decided that the patient will be treated with 100 cm SSD

setup instead. What magnification factor do you use for the Sim film to cut the
blocks?

Patient was treated with 100 cm SAD setup with thickness separation of 22 cm.
Patient is moved to cobalt with 80 cm SSD setup. What is the new field side?

Determine the virtual source distance given the measure reading at 100cm, 120
cm, and 140 cm and the readings are 100, 44, and 25 respectively.

A given dose rate in air at 40” from the superficial x-ray source 125KvP,
10R/mA-s. What is the dose rate at 2cm depth (Pdd= 0.6, BSF=1.15, fmed=0.9)



16. Given the TVL of steel and concrete. The calculated shielding wall thickness
needed was 66 inches of concrete. You have only 36 in for wall space, how much
concrete should be replace by the steel?

Lot of Shielding problems

17. Basically, just calculate the transmitting factor and determine how many TVL
needed. You have to watch out the mix units i.e. time in min, week etc...Also,
some linac head leakage and scatter problems.

18. Patient is being treated with SAD setup with iso at 9 cm depth, calculate the exit
dose giving the PDD or TMR at 9 and 18 cm depth.

19. How much charge would you get for a given exposure rate and chamber size, info
given: 1R=2.58e-4 C/Kg, air density = 1.293¢-3 Kg/cm2, chamber size = 0.19
cm3.

20. There is a 1 mm crack on the linac vault and you a large ion chamber to measure
the exposure rate of 1 mR/hr. You move the chamber away from the crack behind
the “good” wall and the exposure rate is 0.5 mR/hr. Is your exposure rate at the
crack smaller or larger than 1 mR/hr?

21. Patient treated with 3 fields, equally weighted, 180cGy. Two posterior fields go
through 9 cm of lung and SSD is 82 cm. If you don’t correct for lung
inhomogeneity, what is the percent error at isocenter?

22. You have a universal 60 degree wedge with the wedge factor of 0.5. You want to
use a 30 degree wedge. What is the ratio of MU for the open to wedge field ?

A few beam spoiler questions
23. For treating breast tangents- sometime 10MV is used with beam spoiler- Why?

24. A few electron obliquity question- ie. How does it affect surface dose, depth dose
etc...

25. Given aluminum and water mass and electron density, determine how thick the
aluminum compensator should be to compensate 5 cm of tissue. Info given:
Water: 3.2e23 e/g, 1g/cc, Al: 2.9¢23e/g, 2.7 g/cc.

26. 18 MV photon linac, what is the largest contribution to exposure behind the
gantry stand. Is it patient scatter, wall scatter, col scatter, head leakage etc...

27. TG 40, how often do you check electron output?

28. TG 21 and TG 51, what is the % different in measurement and which is higher,
lower, or the same?



29.

30.

31.

32.

33.

34.

35.

You have a 6x6 electron cone with a 4x4 insert, what doesn’t change? (R
practical)

Given an isotope with a know half-life, how long does it take to give 95% of total
dose.

You want to limit a total dose at 1 meter from a patient that has brachytherapy
implants to 500 mRem, what is the maximum initial dose rate? I think the isotope
was Jodine 125.

How often do you have to calibrate the barometer according to TG 40?

TG 40, what % is the flatness of the beam should be?

You are 50 meter above the airport, what % change do you expect to see in
pressure?

Given an AP and a Lat film with two points identified, find the distance between
them.



Part 1 of the ABR exam 2003
Physics Section:

The CD is great and I thought it was helpful and relevant to what was on the test. Here
are some specific questions I remember.

1. There was a question on the STD of a binomial distribution

2. A question on a proton traveling at a certain velocity and collideing with an unknown
particle. The velocity of both the proton and particle were given and the question was
to figure out the mass of the unknown particle.

3. Converting the energy in joules to mass in a metric ton
4. A couple of questions on magnification given SID, SOD, OID.
5. A question that gave the rms voltage and a transformer and asked the peak voltage.

6. Given a sound with a certain frequency if you are traveling so fast towards it what
frequency do you hear

7. The sensitivity given TP, FP, TN, FN.

8. How long will it take to transfer a set of images if the transfer rate is X bits/s and the
images are a 1024 matrix with 8 bits/pixel with a transmission overhead of 25%.

9. For a conventional CT, images are 512x512 with 256 shades of grey. How many can
be stored on a 5.0 GB storage device without compression?

10. Given you have a solution which is 60% NaCl and contains 45 grams of NaCl. How
many grams of NaCl do you have to add to make a 75% NaCl solution?

11. Given a ball shot at a velocity of 2000 km/hr at a 45 degree angle. At what distance
will the ball land? Ignore drag forces.

12. Which laser would not be used for fiber optic communication? HeNe, YAG, CO,?

13. Given Isotope A and B. Isotope B has two times the activity of A and emits a particle
with twice the energy. The dose from B will be X times that from B over the same
time

14. The entrance dose is 4 Gy and the exit dose is 25mGy on a patient that is 22 cm thick.
What is the dose at the middle of the patient?

15. Neutron activation.

16. Neutron loses 0.5 of energy per collision. How many collisions to lose x energy?



17. Stats questions. Poisson.

18. Calc. Kerma. They give both energy transfer coeff and attenuation coeff.
19. Calc effective atten Coeff for a given compound

20. Calc the effective Z for a compound

21. Calc the dose to the gas in a dosimeter knowing the energy absorbed in the gas, the
volume of the gas and the density of the gas

22. Given a graph of velocity of an object vs. time, calculate the distance that the object
traveled over the time period shown in the graph.

23. Given an equation for the potential in X, y, and z, calculate the components of the
electric field.

24. Calculate a temperature and pressure correction for an ion chamber given the
temperature and pressure at the time of measurement.

25. What is the angle between two vectors u and v if the resultant of the two vectors is
perpendicular to u and has a magnitude that is half of v?

Clinical Section:

I though this was really easy especially after going over the CD. I’ll try to remember the
only question that I don’t remember from the CD.

1. Which type of cancer is most easily seen on a CT?
2. Where is the hilum located?

3. A question about dysplasia

4. Where are the islets of Langerhans

5. How many main lobes of the liver

6. Given a CT slice and a list of organs, find which organ is not included in the slice
shown.

7. T1vs T2 MR image. Given an image, choose what the true statement.

8. Extrapolation number. Given the survival curves for two different cell lines, name
what is the same for the two. Given a graph showing Dy, D, Dy, extrapolation
number.

9. Given a list of bones, name which one is in the lower leg.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Given list, which is not a bone of the upper extremities?
Where is CSF made?

Where do you find the glomerulus?

what is the function of the alveoli?

What is the most radiosensitive part of the eye?

What fluid lubricates the joints

What is the dose needed to cause skin erythema?

Dose limits. Dose to double cancer rate.

Dose vs. effect in embryo

Average effective background at sea level including Ra
Which organ absorbs the most water?

Which is the most sensitive organ given a list.



2004 ABR Written timing considerations. I put a lot of effort not just into learning the
material but into learning fast ways to solve problems. It’s not good enough if you know
how to solve a problem but it takes twice the allocated time per question. Here is how I
went with regard to time. I simply divided up the allocated time evenly on a per point
basis:

Part 1 (General) I was 15-20 minutes ahead at the end of the first 50 one point questions,
then picked up at least this amount again during the 25 three pointers. This meant I had
something like 45 minutes for review of my flagged questions after completing a first
pass — this was much faster than I expected.

Part 1 (Clinical) Similar to candidates from previous years, I finished with plenty of time
to spare and actually reviewed every single question.

Part 2 (Therapy) Again I was 15-20 minutes ahead at the end of the first 50 one pointers,
but then lost all of this during the 25 three pointers. Some three pointers were quite fast,
but quite a number of them were very time consuming eg the TG51 question (number 2
below) has many small calculations within it. I used all but a few minutes to get the exam
done, with only a few flagged questions reviewed at the end.

Part 1 (Clinical) Similar to candidates from previous years, I finished with plenty of time
to spare and actually reviewed every single question.

This recollection of questions should provide a tremendous help — just like previous
candidates recollections did for me. Good Luck!



2004 ABR General Part 1, Written.

1. Two counts of same source, what counts to give 95% chance that the two counts will
measure within 4%. (I did 0.04 = 2xsigma/mu)

2. Classic Ctrue, Cobs, dead time question.

3. 1600 counts over 4 mins (meas), background 900 counts over 3 mins (measured).
What is the standard deviation in net count rate (cpm)?

4. XXXX n/cm2/sec activates YYYY atoms of 59Co per unit time. What is the max
activity of 60Co (Ci) that can be achieved. (I didn’t use the n/cm2/sec)

5. Cromium neutron activation. Half life given. When is 80% of max activity established.
6. Effective weight if half body (ie below diaphragm) irradiated. Weights for various
organs of the body given. Had to know things like lung, breast, thyroid and esophagus are

above diaphragm so could remove them from the total.

7. Had an A to B to C decay. (like 99Mo — 99mTc — 99Tc but not told this). A has 10hr
half life, B has 1 hour, C stable. If only A to start, what is ratio B/A at 5 hours. Answers
1.0,0.6,0.3...

8. In an isotope where gamma emission is forbidden, what else is an alternative — internal
conversion.

9. Decay emits only neutrinos and characterstic x-rays. This is? Electron Capture.

10. P31 1.71Mev gamma ray (given). Best shielding material is
A. Imm Acrylic, B. 1ecm Acrylic, C, D, E.... Pb of various thicknesses

11. Max dose patient in hospital near “radioactive” patient can receive is A. ImSv, B.
S5mSv C....higher doses.

12. Physicist does 50 brachy patients per year. Max dose allowed (per NCRP 116) to ring
badge per patient is?

13. KM auger electron energy given KLM energies (need to know Aug. e emitted from
shell where transitioning electron orginates)

14. Electron Anode to cathode time? Given voltage and distance. No mass of electron
given. A fast solution involves calculating the final y (=1/(1-vf2/c2)**1/2). Solve for
Vfinal, assume Vaverage = V{/2 (OK if only few 100 keV), then get time from distance.

15. Electron 0.9c, what is the total mass / energy in MeV. Given mo = 0.51 MeV.



16. Electron accelerated through 4MV, what velocity? Fast solution again uses y
17. Voltage as a function of radius V=130loge(r). Electric Field strength V/cm at
r=0.5cm?

18. Unit vectors j X i (iejcrossi)= ...... -k.
19. Length of 11 +1j+1k

20. Neutron of velocity XXXX hits and is captured by 59Co nucleus. Before 60Co
decays, what is the velocity of the 60Co nucleus (I applied simple cons of momentum)

21. Photons of two different energies of initial number ratio 4 to 1 pass through 20cm of
water. p given for both energies. What is the number ratio of photons after passing
through the 20cm of water.

22. Find the p of a mixture of materials. weight fractions given. p/p of components
given, p of mixture given. Solution: add pw/p by weight fraction then multiply by p of
mixture.

23. T = 1.5 (units) for an isotope with 100% efficiency, 1 MeV per decay. What is I
(same units) for an isotope with 80% efficiency, 2 photons per decay, each 0.75 MeV.

24. Ultrasound assumes 1540 m/s (given). A layer of fat 2cm thick has actual velocity
1460m/s (given). The ultrasound will measure the fat layer as ???? cm thick?
A.18B.19C20D21E22

25. An ODI light takes a path at 35 degrees to a linac beam axis. A 10mm thick block
tray is inserted into the path of the ODI perpendicular to the linac beam axis. (no diagram
given). What is the lateral shift in the ODI light. The refractive index of the block tray is
L.5.

26. An ion chamber survey meter has 90% efficiency at 10 atmospheres. The pressure in
the chamber drops to 1 atmosphere. What is the new efficiency? Answers started at 21%
and went up (ie 9% was not there). If you consider a new linear attenuation coefficient of
1/9" the original I ended with 21%.

27.No CT in parts 1 or 2 (other than anatomy in clinical section)

28. Radiofrequency used in 1 Tesla MRI is... (not given 42.6 Mhz/Tesla gyromagnetic
ratio) 42.6 Mhz was a possible answer.

29. No o/p radiobiology questions (in 1 General or clinical)
30. Do is the ???? on a cell survival curve (question was worded so that the shoulder was

not to be considered) A. 37% cell survival, B... other options that didn’t look right. This
question may have been in the clinical section.



31. Function y=2x-¢". Find the position of the maximum.
32. 0.1Em [Em (Em-E)dE. Evaluate the definite integral in terms of Em.

33. Calculate the Kinetic energy in a rotating disk given the moment of inertia and the
angular velocity in both revolutions/sec and radians/sec.

34. A Petabyte is 22?2 x 10" bytes
A.0.98B1.02C1.05D 1.07E 1.10

35. A number (given) of CT images of size 512x512 are compressed with 2.5:1
compression. How long to transfer these images over a T1 line (T1 line bandwidth of
XXX Mbits/sec was given). No information was given about how many grey levels or
bits or bytes per pixel. I assumed 8 bits (1 byte) per pixel and got an answer that was
available.

36. A number of detector area / distance from source / geometric efficiency problems like
others in previous years. Some requiring steradian calculation.

37. Something about specificity is associated with ..... One of the answers was “ROC”.
Various other statistical terms were provided but didn’t appear to have anything to do
with sensitivity / specificity. I don’t recall anymore, but gave this anyway.

38. A ball is thrown vertically. Question asked for time or height to top — I don’t recall.
Initial velocity given, but not gravitational acceleration. Velocity given in km/hour.

39. A circuit diagram (diagram given) with a battery in series with a switch, then resistor
A then resistor B, then back to battery. Inductor L is in parallel with resistor B only. A
long time after the switch is thrown, how much current goes through resistor B? I think
the answer is zero as it all goes through the inductor — this was an option.

40. An electrical meter has an internal 5k ohm resistor and registers full scale at 50 micro
A. How many meg ohm to insert in series to turn meter into a XXXX range voltmeter?
The answers were all tenths of a meg ohm apart so you could ignore the effect of the Sk
ohm internal resistor and just apply V=IR.

41. An electrical supply line loading question. Some large piece of electrical equipment
has a peak power output of XXXX kW. If this is maintained, but voltage changed from

480V to 240V, by what ratio will supply line losses change. I think the answer is an
increase in losses by a factor of 4.

42. What is unerasable data storage called — A. RAM, B. WORM.

43. Typical shielding in a diagnostic x-ray facility is Xmm of lead...A. Imm B 5mm ....



44. Scatter dose at 90 degrees at 1 meter ( asked to assume field size = 400cm?2). I
answered 0.1%

2004 ABR Clinical Part 1, Written.
1. Largest bone in lower leg — tibia, fibula.

2. Sagittal MRI labeled with cord, disk, spinous process, ilium. What orientation is this
(answer sagittal). Which is incorrectly labeled? The “ilium” label appeared to be pointing
to a very bright (ie not bone) lower pelvic structure that I think was the posterior most
fluid filled pouch in the floor of the pelvis.

3. CT through liver / spleen. Which is false — labels were at liver , spleen, this section is
at L4-5 (I chose this).

4. Location of pancreas — anterior to stomach, between duodenum and spleen (I chose
this).

5. Lots of questions on the order of blood circulation through the heart and associated
vessels.

6. What structures pass through a hole (worded differently) in the diaphragm. I chose an
answer that had esophagus, aorta and vena cava. Other options contained the spine —
that’s all I recall.

7. Numerous questions on the effects of radiation at various stages of fetal development.
8. When does organogenesis begin.

9. Corpus Callosum is in the ....brain, thorax, abdomen, pelvis. Leg.

10. Irradiation in the first week following conception results in .... Intrauterine death,

leukemia in the child, mental retardation, congenital abnormailties .....

11. Irradiation in late stages of pregnancy results in .... Intrauterine death, leukemia in
the child, mental retardation, congenital abnormailties .....

12. A patient has reacted to contrast. This would most likely be from barium, iodine,
gadolinium, gas bubbles, saline.

13. Maximum dose to fetus from which exam
A. KUP AP B. Lateral Lumbar X-ray, C Cholangiogram.D Barium Enema

14. The peritioneum is in the A. Abdomen, B. Brain, C. Thorax. ....

15. Blood drains from the vena cava into ? Right Atrium



16. Blood leaves left ventricle into what? Aorta

17. Systole Volume = 36cc, Diastole volume = 91cc. What is the ejection fraction of the
heart.

18. What is opposite to LPO. (RAO)

19. This may have been in part 1 General. 1 Gy to testes of 20 year old man, result is...
A. increased libido, B. decreased libido, C. permanent sterility, D. temporary sterility.

20. This question may have been in the part 1 general section. Fractionation is used in
radiation therapy because of ..... “large shoulder in survival curve” appeared to me to be
the only reasonable answer. I don’t recall other options.

21. This question may have been in the part 1 general section. The biological response
model extrapolated to low dose is assumed to be ....... “linear non-threshold”. I don’t
think I got the wording of this question right, but the intention is there.

22. This question may have been in the part 1 general section. Regarding the Oxygen
Enhancement Ratio (OER) ..... “Oxygen promotes free radical formation” appeared to be
the only reasonable answer.

23. Regarding fibromyalgia: A. Treated with radiotherapy B. Causes aches pains stiffness
and lethargy C causes swelling .....

24. Virtual Colonoscopy uses: A. PET B. MRI C. CT D. SPECT E. US

25. Autonomic Function is controlled by: I don’t remember all the options but the
brainstem or something similar was there with all other options in the forebrain.

26. The master hormone gland is the: Pituitary

27. Most stable product of hydrolysis(?) radiolysis (?) of water is:

A. OHdot B. Hdot C. H20 D. H202 E. Free Electrons

Dot indicates free radical.

I must admit I still don’t know the answer to this. I would have thought a question asking
about the most unstable product would be more clinically relevant.

28. Sensory cells are in what layer of the eye? A. Sclera B. Choroid C. Retina ...

29. Hypoglycemia can be caused by: A. glucogen B. Insulin C... other answers that
didn’t appear relevant.

30. Calcium levels in the body are controlled by the: A. Parathyroids



31. Functions of the spleen.
32. The lymphatic system drains into the: A. Subclavian Veins B. Vena Cava C. Aorta.

33. Male Chromosome — XY
34. Cell Target — DNA

35. Platelets are used for — clotting of blood."
36. Where is the calcaneus found A: foot, BCDE other options far removed from the foot.

37. Brain irradiation to 60Gy (didn’t say single or fractionated). What are the late effects?
I said necrosis.

38. Number of cervical vertebrae.

39. Function of the liver — produce bile was the only correct answer.
40. Gas exchange in the lungs is by — A. diffusion, B. osmosis ....
41. A bundle of nerve fibers is called a — plexus.

42. Ovaries produce which hormone .... Estrogen appeared to be the only reasonable
answer.

43. Radiation is a teratogen because: A.It causes birth defects, B. it causes cancer C. It
induces mutations ....

44. The most oxygenated blood can be found in the A. Aorta B. Pulmonary Artery C.
Pulmonary Vein, D. Iliac Artery.

45. Blood leaves the left ventricle into the: A. Aorta B. Pulmonary Artery C. Right
Atrium D Left Atrium.

46. Most food is absorbed in the: A. Stomach B. Duodenum C. Small Intestine D. Colon
E. Rectum

47. Blood leaves the Vena Cava to enter the ..... right atrium.
48. Number of lobes of the liver

49. Number of lobes in the lungs

50. Artery to the liver

51. Number of temporal lobes in the brain



52. OER with dose rate or LET (I can’t recall which) increases / decreases.

53. Radiation therapy works because of .... Various statements about the shape of the
dose response curve. A statement about a “wide shoulder” looked best to me. Other
statements concerned things such as synchronization / rephasing of the cell cycle.



2004 ABR Therapy Part 2, Written.

1. HDR, three dwell positions (1, 2 and 3 — 2 in middle) 1cm apart in single channel.
Dose points A,B and C 1cm perpendicular to dwell positions 1,2 and 3 respectively.
Dwell times in 1 and 3 are the same. What is the ratio of dwell times 1 to 2 to make dose
A equal dose B.

2. TG51 question (no TG21 in whole exam). Given Ppol, Pelec, T (deg C), P (mmHg),
Vhigh =+300V, Vlow =+150V, 100mu Reading for Vh = 1.71 ...., 100mu reading for
VI=1.70...., given 60CoNdw Gy/C for chamber, given pdd photon, given kQ (not asked
to do energy determination to find kQ) calc cGy/mu at dmax for photon beam. Answers
approx 0.6% apart. (Also given plenty of irrelevant information such as TG51 electron
beam parameters)

3. Simulator shielding question, NCRP 116 level to worker with office above simulator
room. Occupation mentioned — I don’t recall but was an allied health profession not
related to radiation oncology/ radiology. Floor to floor = 12 ft, iso = 48” above floor,
SAD = 100cm, given U=1/4. W=800mA.min/wk. Asked to work out the thickness of
concrete shielding required. Answers about 4mm apart. Provided with a graph of
R/(mA.min) at iso on vertical axis (log scale) vs concrete shielding thickness (cm) on
horizontal scale — with the log scale, the plot was reasonably linear. Basically I think
what you had to do was find allowed R/mA.min at point where person is sitting, then
project back to iso to give your number for the Y axis then read across to get concrete
thickness.

4. AP/PA doses given from each field to cord for 200 cGy to tumor. (62cGy, 150cGy
respectively). Cord block put in PA, new cord dose is 18% of original. How many
fractions need cord block to limit cord dose to 40Gy?

5. Counts given (cpm) for reference source with known activity (mCi). How many counts
allowed to stay below wipe test leakage limit — limit not given (5nCi?).

6. 2cm diameter lead pig inside polyurethane foam inside 30cm diameter shipping drum.
HVL Pb given. Exposure rate constant of 192 Ir given (but not the one I know!). Calc
max activity to keep below 50mR/hr on surface. Another variant of this question used
137Cs (again I didn’t recognize the exposure rate constant provided), activity provided
and asked to calc thickness of lead to reduce exposure rate to certain level (TVL given).

7. Parts definitely not included in EPID — options were ion chamber, CCCD camera,
mirror, silicon screen, some other dose detection device.

8. TBI, diode reading 450cGy on surface, presc midline 600cGy POP laterals, 30cm
separation. TMR’s given, 350cmSSD. What is error in midline dose? Answers approx
5% apart, both + and -. I had to assume entry beam only, and diode reading relevant to
dmax (not surface — no TMR at surface given) to get anything reasonable.



9. Three beams 120 deg apart, AP and post obliques. Each 15 cm depth to calc point.
60cGy from each beam to be delivered to calc point. Post beams have 9cm lung, e density
=0.33, TMR’s given at 3,6,9,12,15 cm. Ratio of mu’s post to ant.

10. Several TMR and PDD questions that needed the 4A/P rule.

11.Extended SSD calc that needed the Mayneord F Factor. Was only given a graph of
output vs field size ie could not separate Sc and Sp.

12. Ratio of dmax (25 MV)/ dmax (4mv) for same dose to midline using POP setup with
SSD =100cm. PDD’s given.

13. Neutron dose equivalent (mSv) outside field per photon Gy at isocenter.

14. Neutron dose equivalent ratio 18MV vs 15 MV. Answers were fairly widely
separated ie 1, 2, 5, 10, 100.

15. Given distance iso to maze and maze length, neutron dose at iso (mSv) per photon
cGy at iso, what is neutron dose (mSv) at door per photon cGy at iso. Told TVL of
neutrons is Sm, but not where it applies. I applied kersey formula ie ISL iso to maze, then
5m TVL down maze to door.

16. Numerous questions of dose ratio where had to use TMR ratio and change of ISL.

17. Dual scattering foil in linac, when change to electron mode (from photon) what
happens. A. gun current reduces substantially, B. Both scattering foils are in place C.

other options that were way off.

18. g(r) for 1251 vs 103Pd. A. same at all depths, B. Pd exceeds I beyond 1cm, C Pd
exceeds I beyond 4cm, D. I exceeds Pd beyond 1cm, E. Same at all depths.

19. No TG21 questions

20. No gamma knife questions

21. No ion chamber current from exposure rate or dose rate or in part 1 either.

22. TG 40 photon flatness spec.

23. TG40 field size spec A. 2mm/1%, B. 2mm/ 2% C others not 2mm

24. TG40 how often do you check well chamber leakage.A. 2 years, B. Every use, C....

25. TBI — what is not true — A. Dose Uniformity < 15% B. Tissue Equivalent
compensators are used C. High SSD D. AP preferred over lateral.



26. Biggest impact on fetal dose according to TG36. A. Distance to fetus, B. energy C.
Blocking, D. Depth below abdomen surface.

27. S/tho and rho given for lead. Calc MeV/cm then use to calc lead thickness needed to
shield 18MeV beam.

28. HDR 192Ir. Patient treated with time XXX with Activity YYY on Aug 15", Source
replaced with activity ZZZ on Aug 17". Treatment time on Aug 22™ is ? No 192Ir half
life given.

29. Nothing on TBElectron

30. 10MV through 6cm lung, dose actual vs dose without inhomogeneity. No other data
given.

31. A question involving 10mg Ra — simple application of 'xA/d2 — but needed to know
(ie not given) exposure rate const. = 8.25 Rem2/mg.hr

32. Shielding question. 36 in space available for needed 6 TVL (this information was
given). Pb TVL given. Concrete TVL given. What is the minimum thickness of Pb
needed.

33. How many TVL’s in a linac head.
34. No MLC questions

35. The only IMRT question:
In IMRT the physicist does not define: A. Beam Weights B. Field Sizes C. Gantry Angles

36. Field size required at midplane is 25cm, maximum can open is 20cm. What is SSD?
(separation = 22cm)

37. Sim film taken at 102cm SSD, SFD 140cm. Want to treat at 120cm SSD. What
distance to film should be used when cutting blocks.

38. Standard question about the couch kick angle required to make inferior borders
parallel on lateral brain fields.

39. Breast Tangent pair. Field widths at 100 SAD = 10.5 cm. LAO has gantry angle 45
degrees. What gantry angle does RPO have such that posterior borders will be parallel.

40. ’m vague on this one but I’ll give it to you anyway. The question went like .... The
simulator couch wouldn’t go low enough, so the film was taken at X SSD, separation 25
cm, distance to film = 140 cm. Physician wants to treat at 132 SSD, simulator film needs
to be placed at what distance to cut blocks.



41. No diagram with this one making it tough. Patient on simulator couch with isocenter
Scm right of midline. Wire placed on midline (didn’t say A or P). R Lat film taken.
Measured cord depth of 6.7cm, but therapist forgot to reset isocenter to midline. What is
the true cord depth. If you think this is confusing, then I agree. Basically I think the depth
was measured assuming isocenter at midline, then question was asking what is the true
depth.

42. PDD for wedge increases over open field due to: A. Photon interactions in the wedge
B,C,D,E..... other options that didn’t look right.

43. Beam steering vs gantry angle in a linac. Signals to steer originate from ..... ion
chamber .... various other options.

44. Considering a dual ion chamber scanning water tank, an error in the PDD (a shift up
or down — I don’t recall which) is not due to A. incorrect zero — ie set above water level
B. RF interference C. water / air temperature differential D. Stepper motors not calibrated
correctly.

45. No electron Arc questions, no gamma knife questions, no SRS questions.

46. Electron cutout changed from 6x6 to 4x4. What doesn’t change, A. Bremstrahlung B.
Output Factor, C. Depth of 80%, D. Surface Dose.

47. 150 ionization depth of an electron beam is 5.1 cm. The energy of the beam is .....

48. Saturation in an ionization chamber refers to ....A. voltage high enough to prevent
recombination ....other options that were not correct.

49. A survey points a linac beam at a primary wall and measures 2mR/hr. Is this OK?
There were various options in the answers, but this was the point of the question.

50. An ion chamber is used to perform a survey. You also need all of the following
except: A. Dose rate of linac B. Sufficient buildup around the survey meter C... other
options that looked to me like they were required.

51. SAR for this radial section: Diagram given, table of SARs given.

| | Block | |
Ocm 6cm 9¢cm 10cm

52. Classic electron ISL calculation straight from Kahn, ie calculate the effective SSD,
given energy, field size, dmax (2cm), given slope of (Io/Ig)"* =0.0111.



53. Superficial question. Measurement at end of cone gives a reading of 150.
Measurement at 10cm from the end of the cone gives a reading of 52.3. What is the
effective SSD at the end of the cone.

54.No TG 61

55. Purpose of the guard ring in a plane parallel chamber is to? A. “Define the collection
volume” appeared to me to be the only reasonable answer.

56. A question where you were given air kerma and had to calculate roentgens from this.
I think you just divide by 0.876 rad/R — this gave one of the answers.

57. Dose to cord from AP/PA 100 SAD setup. 22cm separation, cord 4cm deep, 200cGy
to isocenter. TMRs given.

58. Most radiation sensitive part of the eye is ..... lens

59. TVL is related to HVL by A: TVL =1n10/In2 HVL, B... other impressive but
erroneous relationships.

This rule and it’s generalization can be used to speed up all sorts of calcs, not just in
shielding but with regard to time as well — use it!

60. Film exposed for dosimetry. Given transmitted light is 200 times smaller than
original, what is the dose? OD vs dose table provided that required interpolation.

61. Electrons at extended SSD, which is true?
A. Width of the 90% extends proportionately B. Penumbra increases C. Output follows
ISL with 100 to source ...

62. What happens when you change from 15cm field size to 20cm field size for electrons.
No energy given. Various combinations of change in surface dose (increase / decrease)
and change in dmax (increase/decrease). Only one option had no change in surface dose
(which I chose)

63. Why does the equivalent square technique work? A. Because scatter doses are equal
between square and rectangular fields, B.other options involved statement about

collimators and scatter that sounded wrong

64. Scatter and leakage shielding thickness calculations are equal. The shielding that
should then be used is: A Ty + IHVL, B other options including Ts + Ty, Ts + 1TVL.

65. Order of materials in door for high energy linac — inside to outside.

66. Electron backscatter from internal shield versus Energy and Z — just had to know
increase vs decrease.



67. Four field prostate treatment to 200cGy. What is the dose to anterior rectum. No other
information was given, anterior was in bold. I answered 200cGy.

68. What should you check with each use of an ionization chamber / electrometer.

69. Classic isocentric POP where you had to calculate the maxdose / midplane dose ratio.
Given TMR table, output factor as a function of field size graph (normalized to 1.000 for
10x10), cGy/mu at dmax for 100cm SSD and 10x10, no Sc or Sp given anywhere in the
test.

70. A 60Co single field calc 100SSD, cGy/min at dmax given. PDD table given, BSF
table given, TAR table given. Prescribed dose was 300cGy to 10cm deep. Had to use
4A/P to convert to square field (had to use 4A/P on numerous rectangular field questions.

71. Had to do single field 125 cm SSD calculation. 300cGy to 10cm deep. Given output
factor as a function of field size graph (no Sc or Sp which in my opinion makes it
impossible to do this question accurately), given PDD table, TMR table, given output at
dmax for a 10x10 at 100cm SSD. Answers all very close ie approx 1% apart.

72. Multiple beam plan. AP weighted to 100% at dmax, laterals weighted to 100% at
dmax. 200 cGy delivered to 238% isodose line. Dose delivered by AP beam is ??? cGy.

73. Monte Carlo calculations require a random number generator and ....A. probability
distributions, B,C,D,E other options that didn’t look right.

74. Dose 10cm deep Scm outside field is A. 1% B. 2% C. 3% D. 4% E. 5%

75. T factors given on several questions were not what I expected for the isotope in
question. But I always used the one given.

76. Pacemaker dose limit.
77. Apparent mCi is less / more / same as mCi

78. No shielding questions were simple “plug in and solve for B”. Every one required
something “non-standard” or use data in a non-standard format.

79. TG40 photon flatness specification:A 1% B 2% C 3% D 4% E 5%.



2004 Part 1Writtens

The Physics Section of Part I consisted of 75 multiple choice questions in a three hour
period. Each question was followed by five choices (A through E); there were no
true/false questions. There was no differentiation between “easy type” and “hard type”
questions as there has been in past ABR sample questions--there were simply 75
questions in three hours, one after another.

Several questions were dedicated to computer terminology and data management.
Examples follow.

1. A CT scan with a 512x512 matrix and 300 images is compressed at 1.5:1 compression.
The transfer rate is ~1.7Mbits/sec, how many minutes for the transfer? (You’d have to
know the standard bit depth of a CT image).

2. A terabyte is equivalent to:
a. 10E4
b. 10E5
c. 10E6
d. 10E7

3. What category of storage is an optical disk that cannot be overwritten? WORM (Write
Once, Read Many)

4. What is the name for a computer program that translates programming code into
computer instructions?

a. Operating system

b. compiler

c. CPU

Several questions were dedicated to counting statistics and uncertainty, such as

5. If a sample has 1600 total counts in 4 minutes and the background has 900 total counts
in 3 minutes, the activity of the sample is 100 +/- cpm.

6. How many counts do you have to take of a sample to be 95% sure that you fall within
4% of your first count rate?

There was one circuit:
7. Given a diagram of a circuit consisting of a battery, a resistor, and then a resistor and
an inductor in series. Values for all of the components were given. The question was:

what is the current through the resistor that is in parallel with the inductor at time — c0?

There were several questions relating to basic functions, and since it was a multiple
choice test, it was pretty straightforward, such as:



8. What value of t gives this function its maximum value? Y = 2t — ¢'
There were a few questions on ultrasound, such as:
9. Ultrasound transducers transmit and receive pulses using what effect?

10. US assumes 1540 m/s, but for fat, it’s really 1460 m/s. An ultrasound image shows
fat as being 2 cm thick. How thick is the fat really?

There were several questions involving types of decay or interactions, such as:

11. C decays to D* by B+. D* cannot decay to the ground state by gamma emission.
How can it decay?

a. neutrino

b. electron capture

c. auger electron

d. internal conversion

12. A 9.5 MeV photon passes by the nucleus of a lead atom. How many pair productions
can take place?

There were a few basic isotope decay questions where you had to calculate an activity:
13. given a physical and biological half life, what remains after some time

14. given the parent half life and the much smaller daughter half life, what is the activity
of the daughter in a long time?

A large number of questions related to HVL’s and exponential attenuation, such as

15. given mass fractions of two materials and their attenuation coefficients, what is the
combined attenuation in a compound?

16. how many HVLs is 6 TVLs?

17. If a patient is 8 HVLs thick, what’s the ratio of entrance exposure to exposure at
midpoint?

18. Given an isotope that emits a high energy photon and a low energy photon. The low
energy photon is emitted 4 times as frequently. Attenuation coefficients are given.
What’s the ratio of low to high isotopes after traveling through 20 cm of water?

19. Given attenuation coefficients for lead and aluminum, how much aluminum is
equivalent to x mm lead?



There were several workload-type calculations, such as:

20. A secretary’s desk is behind a wall behind a chest bucky. The mR/hr is given for a 30
mA, 1 sec examination at 120 kVp. The weekly workload is 300 mA*min/wk. What’s
the overall exposure rate to the secretary in mR/wk?

There were several dosimeter-type questions, such as:
21. A chamber that has reached saturation is:

22. A pressurized chamber reads 90% of the incident radiation. The pressure is decreased
by a factor of 10. What percent of the incident ionization does the chamber then read?

There was one dead-time question:

23. Given a measured count rate of 100,000 cps and a dead time of 2 us, what’s the true
count rate on a non-paralyzable system?

A. 100,000

B. 105,000

C. 110,000

D. 130,000

E. 150,000

And then there were a smattering of basic physics questions, but they were simple calcs,
such as:

24. What’s the kinetic energy of a rotating anode with I and rotational speed given?

25. What’s the decrease in density of a brick that’s heated and expands 0.2% on each
side?

26. If V(r) =-130 log (1) in a cylindrical chamber, what’s the electric field at r = 0.5 cm?
And a few imaging physics questions, such as:
27. Given a list of exposures (mR) and film O.D.’s, what’s the film speed?

28. Given the ODI hits a 10mm thick plastic tray of n=1.5 at 35 degrees, by how much is
the ODI shifted at the bottom of the tray?

One item of note is that you didn’t have to know any physical constants off the
top of your head; they were all given to you in the problems if you needed them at all.
Also, the answers given didn’t seem to be designed to trick you; e.g. if you were
calculating the rotating anode kinetic energy (KE = % I ©”) and you forgot to square the
o, that result was not close to a possible answer.



The Clinical Portion of Part I consisted of 50 questions in 1 hour. Most people were done
in less than half of that time. I was hoping for more overlap from past exams than there
was. Again, each question had 5 possible answers, no T/F.

Radiation biology/health physics had many questions, such as:

1. organogenesis occurs in ___ to  weeks.

2. Irradiation of 1 Gy during preimplantation most likely leads to

3. The background dose excluding radon at sea level is mSv/hr.

4. Dose risk estimates are based on the , dose effects model (linear, no
threshold; linear-quadratic, threshold; etc)

5. An axial CT slice containing the liver and spleen, and you were asked to pick what
wasn’t accurate (e.g.: it’s at the level of L4).

6. A sagital MRI that asked what’s wrong.
7. What’s a plexus?
8. BEIR depends on: total dose, dose rate, fraction size...

9. The following things pierce the diaphragm: spinal cord, aorta, esophagus, vena cava,
trachea in various combinations

10. Where does filtered lymph reenter the bloodstream?
11. What produces estrogen?

12. What is the overall controller in the endocrine system? (pituitary, thyroid,
parathyroid, hypothalamus)

13. How many temporal lobes are there? (0, 1, 2, 3)
14. What is teratogenesis?

15. Which diagnostic procedure provides the highest dose to a fetus? (Lateral spine x-
ray, barium scan, upper GI)

16. What is fibromyosis associated with?



ABR Part 1 2005

The clinical exam consisted of 50 questions in 1 hour. Almost all of the questions were repeats
from previous exams. I finished this part in 15 minutes and thus had plenty of time to review my
answers several times.

The physics exam consisted of 75 questions in 3 hours. The first 50 questions were worth 1 point
each and a total of 40% of the total score. The last 25 questions were worth 3 points each and a
total of 60% of the total score. I am a slow test taker and had just enough time to finish the exam
(I had two minutes remaining when I answered the 75% question). After talking to a few other
test takers it seems that the average person finished with 10-15 minutes to spare, which they used
to look at their flagged questions.

Good luck!
Clinical Part |

1. What valve admits blood into the left ventricle?
A. tricuspid

B. mitral

C. aortic

D. pulmonary

2. Where is the hilum located?
A. Chest

B. Abdomen

C. Brain

D. Neck

E. Diaphragm

3. What procedure is used to confirm a hiatal hernia?
A. Doppler US

B.IVP

C. Upper GI

4. There are ___ cranial nerves.

5. There are _ lumbar vertebrae.
6. There are  thoracic vertebrae.

7. Irradiation during what time during gestation is congenital malformations most likely to
occur?

A. 0-10 days

B. 10-18 days

C. 18-45 days

D. 70-150 days

E. after 150 days



8. A T2 MRI image is shown. What statement is true about this image?
A. Bone has a high signal

B. The optic nerve has a high signal

C. There is low signal in the vitreous humor

D. Gray matter has a higher signal than white matter

9. How does the blood flow through the heart?

A. Right ventricle -> Right atrium -> Left ventricle -> Left Atrium
B. Left Atrium -> Left Ventricle -> Right Atrium -> Right Ventricle
C. Left Ventricle -> Left Atrium -> Right Atrium -> Right Ventricle
D. Right Atrium -> Right Ventricle -> Left Atrium -> Left Ventricle
E. Left Atrium -> Right Atrium -> Right Ventricle -> Left Ventricle

10. Which vessel is the most oxygenated?
A. Aorta

B. Pulmonary Artery

C. Pulmonary Vein

D. Portal Vein

11. Hematocrit measures the percent of  in the blood.
A. Platelets

B. Plasma

C. Red blood cells

D. White blood cells

12. Which organ produces insulin?
13. In most adults, where are red blood cells produced?

14. What is the main function of the spleen? (Besides its role in the lymphatic system)
A. Filter red blood cells

B. Produce bile

C. store fats

15. Which is the earliest skin reaction to ionizing radiation?
A. erythema

B. dry desquamation

C. moist desquamation

16. The most radiosensitive stage of the cell cycle is the  phase.
A.M
2
1

oaw
©“n oo



17. Which tissue is the most radiosensitive?
A. breast

B. haemopoietic

C. skin

D. GI

E. brain

18. What is a neoplasm that does not spread called?
19. Which statement best describes dysplasia?

20. The joining of two ends of a severed body tube is called:
A. an arthrosis

B. an anastomosis

C. an anastial ptosis

D. a tubal ligation

E. a canthosis

21. A CT is shown. Which label is incorrect? (This was very obvious. A label at the colon was
listed in the answer choices as the label for the aorta)

22. Which nodes are most often removed in a mastectomy?

23. Which tissue is breast cancer most associated with?
A. Adipose
B. Ductal

24. Two survival curves are shown on the same graph. What quantity is the same for both
curves?

25. What prominent land mark is the iliac crest associated with?
26. An EEG measures:
27. Nerve cells move voluntary muscles by:

28. What is the most damaging product of radiation induced hydrolysis?
A. Oxygen free radical

B. Hydrogen free radical

C. hydroxyl free radical

D. pertechnetate free radical

29. People with high lifetime exposures to radon may have high readings of radon activity in
their:

A. breath

B. feces

C. saliva

D. sweat



30. In the 1930’s many tuberculosis patients were exposed to multiple fluoroscopy exams. These
patients are likely to have a higher incidence of:

A. breast cancer

B. esophageal cancer

C. thyroid cancer

D. bone cancer

31. Which cancer will have the highest CT number?
A. astrocytoma
B. osteosarcoma

32. Where are the adrenal glands?

33. Which is not part of the upper extremities?
A. radius

B. ulna

C. metacarpal

D. patellar

34. Where is the foramen magnum?

35. Gray matter is a common term for:
A. meninges

B. forebrain

C. cerebral cortex

D. brain stem

E. corpus callosum

36. Where is the pituitary gland?
A. brain

B. abdomen

C. chest

D. neck

37. A loss of equilibrium is most likely associated with .
A. brain stem

B. cerebellum

C. cerebrum

D. frontal lobe

E. occipital lobe

38. Where is the visual cortex located?
A. frontal lobe

B. parietal lobe

C. occipital lobe

D. temporal lobe

E. cerebellum



39. Where does blood from the pulmonary artery come from?
A. right ventricle

B. left ventricle

C. aorta

D. right atrium

40. A creatinine test is acquired before a contrast study to:
41. A blood clot traveling through the body is called:

A. thrombus

B. embolism

42. Gas exchange between the lungs and the body occurs via:
A. osmosis

B. diffusion

43. Where/what is the circle of Willis?

44. Where are the glomeruli found?

General Physics Part |

1. Given an observed count rate of X cps and a dead time of 1.2 x 10™ s, what is the true count

rate?

2. A graph of velocity versus time is given. What is the distance traveled?

40 mps —

20mps _ |

3. RC circuit. With reference to the circuit below, if the switch has been closed for a while, what
is the initial current in the circuit once the switch is opened (R, C, and Battery Voltage given)?

S

Battery () R, ——C




4. Two batteries in series are bucking each other with a resistor. The current and battery voltages
are given. If one of the batteries is switched, what is the new current?

5. Given a capacitance and a battery voltage, what is the charge in the system?
6. How many memory locations can a two byte word access?

7. 1 byte equals:

A. PC Word

B. ASCII

C. 3 octet places

D. 4 hexadecimal places

8. Parity is used in data transfer protocol for what purpose?
A. data block division
B. integrity

9. A high voltage supply accepts two inputs and produces one output. The output is “HI” if both
the inputs are “HI” or if either of the inputs are “HI”. This is a system.

A. OR

B. NOR

C.NOT

D. AND

E. NAND

10. Air kerma is 5 mGy. What is the exposure?

11. An X MeV photon interacts with a free electron in air. How many ions are produced by the
scattered electron?

12. An X MeV photon interacts with a free electron in soft tissue. How many ions are produced
by the scattered electron?

13. A 6 MeV alpha particle produces 10,000 ion pairs. What is the range of the alpha particle?
A. 0.03 mm

B. 0.3 mm

C.3.0 mm

D. 30.0 mm

E. 300.0 mm

14. The most absorbed dose caused by fast neutrons is from:
A. neutron activation

B. radioactive decay

15. What is the probability that a photon will interact between 1 and 2 cm of tissue?
(the attenuation coefficient is given)

16. What decay process competes with electron capture?



17. A sample is made up of radioisotope X and radioisotope Y. Each isotope has an activity of
400 MBgq. The sample, radioisotope X, and radioisotope Y are measured for 10 minutes and
results in the following number of counts in two different energy windows, A and B. There are
_____MBgq of radioisotope Y present in the sample.

A B
X 30,000 5,000
Y 0 50,000
Sample 60,000 60,000

18. If the diameter and length of a wire are both doubled, the resistivity of the wire changes by a
factor of .

A. 4

B.2

C. 1

D.0.5

E.0.25

19. The dose rate at an assistant’s desk is 5 mGy/hr from an x-ray unit set at 100 mA and 120
kVp. A typical chest x-ray is taken with 120 kVp and 3.5 mAs. For 200 chest x-rays, what is the
dose at the assistant’s desk?

20. Given the mass of °’N and °O in amu, what is the maximum energy of the positron emitted
when N decays to °0?

21. A 1.25 MeV photon interacts with a free electron at a 30° scattering angle. What is the
energy of the scattered photon after this interaction?

22. Given attenuation coefficients for a couple of materials, what is the effective attenuation
coefficient?

23. An x-ray beam is composed of two energies. Given the attenuation coefficients of these
energies, what is the effective energy of the beam?

24. The TVL of concrete is 18 cm and the TVL of lead is 1.2 mm. What is the amount of
transmission for 30 cm of concrete plus 5 mm of lead?

25. What is the Larmor frequency of a 1.6 Tesla MRI scan?

26. For a 2 T MRI scanner, the inhomogeneity is 10 ppm. Therefore, the inhomogeneity in the
acquisition is +/- Hz.

27. According to the uncertainty principle, what two quantities cannot be known simultaneously?
A. position and time

B. position and momentum

C. time and momentum

D. velocity and time

28. What is the purpose of guard rings in an ion chamber?



29. An US beam encounters a muscle / fat interface with an incident angle of 30 degrees. What is
the angle of the transmitted beam? (The velocities of each material is given)

30. Doppler Effect: A source with a frequency of 400 Hz is moving toward a stationary observer
with a speed of 27 m/s. What frequency does the observer hear? (The velocity of sound in air =
331 m/s and was given for the problem)

31. Besides electron capture, what else can cause K shell electron vacancies?

32. Evaluate this integral with r = 5 cm: 0.0024 * [ r (10r — r*) dr

33. What statement is true about a magnetic moment?

34. The specific exposure of an isotope is 1.5.What is the exposure at 100 cm if the isotope has
an activity of 10 mCi?

35. The physical half-life of an isotope is 13 hours. The initial activity of an isotope is X and the
activity after 12 hours is Y. What is the biological half-life?

36. An initial activity of X mCi is injected into a patient. After 10 hours the activity
concentration is Y mCi/liter. The biological half-life is Z. The patient has 6 liters of blood. What
is the physical half life?

37. Given organ doses and their weights, what is the cumulative dose?

38. What number of counts is needed for the noise to be less than 0.1%?

39. The mean value of a Gaussian distribution is 10,000. What percent of the counts will have a
value of 9900 or less?

40. The entrance exposure to a patient is 4 mGy. The exit dose is 0.25 mGy. What is the dose at
the midline of the patient, given that the patient is 22 cm thick?

41. A prostate implant has a half-life of 3.5 days. What percent of the dose is delivered in the
first day?

42. What is the rest mass energy of '*C? (Given that 1 amu = 931 MeV)

43. For a particular cell line D, = 50 Gy. What is the percent survival after 100 Gy is delivered to
this cell line?

44. Calculate kerma given the photon flux, energy of the photon, the linear attenuation
coefficient and the transfer attenuation coefficient.

45. The specific heat of water is X (J/kg * °C). What dose is needed to raise the temperature 10°?

46. The dose at a temperature of 23° C and a pressure of 720 mmHg is X. What is the dose at
standard temperature and pressure?

47. 120 Kelvin is °F.



48. The density of air is 1.23 kg/m3, the exposure rate is 10 R / hr, and the current collected in an
ion chamber is 2.0 amperes. What is the volume of the chamber?

49. A wire is placed over a CT FOV such that it is 30 degrees from normal. The CT slice
thickness is 5 mm. What is the apparent length, L, of the wire?

~ 30°

50. What is true about the magnetic field at large distances?

51. Which ionizing radiation has a spectrum of energies?

52. The activity of a radioisotope is X Bq. The half life is Y. How many atoms are there?
53. Why is plastic used to ship nuclear generators? (i.e. why not lead?)

54. A mammography screening is typically a dose of 5 mGy. If a person undergoes 20
screenings, what is the percent probability of induced carcinogenesis?

55. In fluoroscopy, what is the main source of dose?
A. patient

B. leakage

C. collimator scatter

56. Sensitivity is also known as the  fraction.
A. True Positive

B. True Negative

C. False Positive

D. False Negative

57. A particle does not emit electromagnetic energy if it travels:
A. linear, constant velocity

B. linear, constant acceleration

C. circular, constant velocity

D. circular, constant acceleration

58. What it the optical density of a film where the transmittance is 10%?
59. What is the decibel change when the intensity level is 10% of the original intensity?

60. A CT given at 100 mAs produced an image with a noise value of 1.5. If the slice thickness is
doubled and the mAs are increased to 400 mAs, what is the noise in the image?



ABR radiation therapy physics, part I, August 22, 2005, afternoon.

Many questions were similar to those in the end (say last 100 pages) and in the very beginning of
the Guide.

Clinical, 50 questions, 1h. Time given was plenty.

1. Serum creatinine test is used because of the risk of
A. Dehydration

B. Renal failure

C. Stroke

2. Blood circulation through heart
Answers: light/left atriums/ventricles in different orders

3. Given two log-log plots of the survived fraction vs. dose say what’s common for two plots.

A

log

Fraction

1

4. Opening in the calvarium
A. Foramen magnum

5. A clot in the blood is called
A. Plaque
B Emboli

6. Hematocrit is

A. Platelets

B. Red blood cells
C. White blood cells

7. Forearm bones are
There was radius and ulna option

8. Joints of bones, capillaries
Anastomosis?

9. In **°Ra treatment where is ***Rn expected?
A. Feces
B. Exhale



C. Sweet

10. Lung oxygen transport
A. Diffusion

B. Osmos

C. Active transport

11. Bone not in upper extremities
A. Patella

12. How many lumbar?
1357

13. How many cranial?

14. Where is sacrum?
A.T10-T12
B. L4-L5

15. How to diagnose Heital Hernia (no Ba scan, which IMHO could be an answer, option)
16. What is the primary function of spleen?

17. Where is pituitary gland
A. Abdomen

B. Head (or brain)

C. Legs

18 Where insulin is produced?
A. Liver

B. Pancrea

C. Bone marrow

D. Spleen

19. Breast cancer — what tissue?

20. What tumor has the highest intensity (or easy to see?) on CT
A. Osteoma?

21. Most oxygenated blood is in
A. Aorta

B. Pulmonary artery

C. Pulmonary vein

22. What prevent the blood to come back from left ventricle or something like that.
A. Mitral

23. Where is visual cortex?
A. Cerebellum
B-D Lobes



24 question on CT (find incorrectly labeled structure in abdomen)
25 Question on MRI, like optical nerve is dark etc.

26. Circles of Willis

27. What is the example of the stochastic effect of radiation?

28. NCRP eye limit is because of the effect of radiation

A. Stochastic

B. Deterministic

C. Cancerous

Physics, 75 questions, 3h. Well, time was enough for a single pass, but I could not go through all
flagged questions during the second pass.

1. Dose estimation on radiologist desk. 1 scan: 35 mAs produces 5 mGy / h on radiologist desk.
How much per 200 exposures if each is taken at 100 mA?

2. Compton, original photon is 1.25 MeV, scattered at 30.° What is the energy of scattered
photon? No equation given.

3. Need to digitize with the resolution of 0.1% of the average and maximum of 4 times average.
How many bits are necessary? (6 8 10 12)

4. Under what conditions charged particle in vacuum does not emit radiation?
Answer: Combinations of constant/changing speed, accelerating/decelerating/no acceleration

5. Do =50 Gy, how many will survive at 100 Gy? No word about D;.

6. Given mass in amu of n, p, e (and amu*c” in MeV) find the binding energy of '*C in MeV.
7. Initial activity of an '*’T sample (t;» = 13 h — given) injected in the blood is 480 MBq. After
12 h measured activity is 20 MBq / I. Assuming the volume of the blood is 6 1 find biological

half-life, h.
A. 4

Cow

.6
.9
.1

1

1
3

sl

8. 10000 cpm, 100 measurements are made. 95% are with in +/- 200cpm. What type of the error
s 1t?

A. Systematic

B. Analytic

C. Random

Etc.

9. What is parity check for?



A. Compression
B. Data integrity

10. 16-vit PC — how many can be directly addressed?

11. Initial activity, t;,, find activity at time T?

12. Given [ (two numbers are given [ and ) energy, fluence — find Kerma.

13. Given activity and half-life calculate N.

14. Given p calculate the probability of the photon to be absorbed between 1 cm and 2 cm.

15. Source: 2 R/ (s mCi) at 1 cm. What is the exposure rate in R / h at the distance 50 cm, if
4 mm Pb shielding is present. HVL of lead (2 mm) was give.

16. Ion chamber, which at exposure rate of 10 mR /s, gives 1 nA current. Calculate volume.
17. V (10 V) and C (20 pF) given — calculate Q.

18. What is the voltage at A just before switch S is opened.

800 Q A
5VDC 1

20 uF

3200 Q _

19. 28°C, 720 mm Hg, ion chamber gives 10 nC. What is the corrected charge?

20.Convert 120 K to F.

21. Magnetic moment distribution depends upon B and
A. Boltzman

B. Puasson

C. Boson

22. 10000 cpm, what is probability that it’s below 999007 (erf not given)
A. 16%

That’s the question I did not get

23. CT 100 mAs of an object with constant electron density gives standard deviation of 1.5 HU.
What will be standard deviation (in HU) for a slice with the double thickness and 400 mAs?

A. 1.06

24. What are guard rings for parallel plates IC?

25. 1 MeV photon, Compton, 90°. How many pairs will produce this electron?



A. 10

B. 100
C. 1000
D. 10000

26. B" decay, O -> N, masses given. Find Epax, (they did not even give 2.7 MeV as an optionfor
an answer)

27. What radiation has continuous spectrum?
A a

B.B"

C. Auger

D. Fluoroscopic

E. Characteristic

28. Why Pb better than plastic for shielding B2
A. Wight

B. Price

C. Glass won’t break

D. Braking radiation

29. a, 6 MeV produces 20000 pairs per cm. Find range.

30. Slice thickness is 5 mm. Find apparent length L of the wire at 38°

31. Dose to heat water 10°C. (4.2 kJ / kg K — given)

32. Magnetic field inhomogeneity, 10 ppm, 1.6 T, find frequency. There were two MRI question
on the test and in first of them 43 MHz was not given, while is second it was.





