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1. Fill in the missing information in the chart:

Medical Use Atomic Mass Number of | Number of
symbol number | protons neutrons
Heart imaging amn 20\ 2| | 2~O
Abdominal scan 22 60 o 29
Hyperthyroidism €TGa (VK 31 36
Radiation therapy | 13\ S 32
Leukemia treatment P 32 |s 17
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2. What is the nuclear symbol for a radioactive isotope of copper with a mass number of
60?

0O

29
B} ~-Cu
C) 29Cu
ol ‘
B3 em Reom p-rale | Copper's arvome ¥ =g
&) 21 Cu
29

3. Identify the following based on the mass number and atomic number: %X

@alpha particle

B) beta particle ' +ypes of vradiahon
C) positron particle -

D) gamma ray Yy

E) neutron 1 ¥e - aldha

b"e - bera

©e - ‘:O'Si’n'bf\

A\

4. Identify the following based on the mass number and atomic number: (1)X
A) alpha particle

©
B) beta particle ° b’ -~ Cscumm oL
C) positron particle

gamma ray \ B Sk
@eutmn A X

\ov\ - neron,
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" rad\ohen
S. Identify the following based on the mass number and atomic number: 1X —_—
A) alpha particle <4 He -al P
B) beta particle o
C) electron O -\oekcn

proton -\
neutron

o - pOSVIVOR
el Bk §

6. Identify the following based on the mass number and atomic number: gX 8 - (_:)mmc

A) alpha particle

B) beta particle ‘t Y - proton
positron particle

@gamma ray } n = neoitor

E) neutron

7. Gamma rays require the heaviest shielding of all the common types of nuclear radiation
because gamma rays have the
ighest energy.
ABJ most intense color.
L) lowest energy.
Dy largest particles.
K] heaviest particles.> A\ ?&?ﬁc\c 3

8. The symbol ::: e is a symbol used for a(n)

A) proton.
positron.

C) gamma ray.

D) beta particle.

E) alpha particle.

9. Match the type of radiation (1 to 3) with each of the following statements:

1. Alpha particle

2. beta particle

3. gamma radiation

a. penetrates farthest into skin and body tissue — QANNONE Ly
b. shielding protection includes lab coats and gloves - e (.OW‘C\ NP

c. travels only a short distance by air A\p\aos
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10. Match the type of radiation (1 to 3) with each of the following statements:

1. Alpha particle
2. beta particle
3. gamma radiation

a. does not penetrate skin a\p\Wex
b. shielding protection includes lead or thick concrete ACanao
c. can be very harmful if ingested &\ g\~ra

11. The nuclear symbol of helium, ;He, is also the symbol for designating a(n)

A) proton.

B) neutron.

C) gamma ray.
beta particle.
(E])alpha particle.

12. When a beta particle and positron combine, what particle is made?

0 0
_18 = +1€ —? ot rMmoss W S \E.Q'\' = ik
A) proton. B, Gk ek
&neutmn. A a*b"\;\\ ¥ / C/\’\Ok‘f%e on \& At
gamma ray.
D) beta particle. T o <X JRTRTS S
' Q % S B =¥ B ol B
E) alpha particle. -1 [ \ S A
o

13. The symbol “{: e is a symbol used for a(n)

A) proton.

B) neutron.

C) gamma ray.
beta particle.
alpha particle.

14. Which of the following have mass # = 0

|
A) neutron on = oh
B) proton PNERETE
C) alpha particle = oyon ~ \\ H
positron particle 4
E) More than one of the above -

o
posytvon = Q e
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15. Which type of radiation has the largest mass?
A) beta particle
B) gamma rays
@alpha particle
D) neutron

E) positron particle /7(_3\ e \oera

2% aomwmo.

”@Q_He Alpha

AR o \p provon

A \o,(\ N oN

7_& e Po‘bi\“fm
16. The process in which a nucleus spontaneously breaks down by emitting radiation is
known as
A) transmutation.
B) transformation.
C) fusion.
@ a chain reaction.

radioactive decay.

17 A nuclear equation is balanced when
A) the same elements are found on both sides of the equation.
the sum of the mass numbers and the sum of the atomic numbers of the particles and
atoms are the same on both sides of the equation.
C) the same particles and atoms are on both sides of the equation.
D) different particles and atoms are on both sides of the equation.

E) the charges of the particles and atoms are the same on both sides of the equation.

2e
18. lodine-131 decays by beta decay to =12\
A) iodine-132. A N
B) tellurium-131.

o %\
C) iodine-130. ‘-5"_\__ =h D8 g XQ
D) bromine-131.
@Xenon-ml. \/
:53
MasSs #'S o=t add o \3\ on oot sides

cm—omxc;ﬁ' of T =53, aroeic ¥ig musy add

atomic # 54 = e on p.table.

19. Finish the equation for positron emission: 1p - n+7?

A) beta particle -

B) gamma rays

C) alpha particle | l '/\ Oe

D neu.tron . 1P —> & T
positron particle I

=\

\. Write tne TacompleX
NWC\e o e%uai‘\of\.

2. Deroroming ST
oS # _
5, PoepeAiat, FHSHIS
oxornm &

5. Complere nualeci
e,%u_o:d (o QT

Mass ¥'S must add v | on Lot s des
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20. What is the radioactive particle released in the following nuclear equation?

7 W =y HE+? (. write the incompleke
lpha particle _ \SS 4 nucleay u.ﬂ-fw n
B) beta particle 1S9 \/\\ - I} k'\l; 4+ '9-\-\6' Q. Deteymine mlS‘SW\%
C) gamma ray =4 = raiss
D) proton . s e
E) neutron ~q g8 B,Db%exr\i\w\; W\Q%‘“ﬁ
ota)  Egmodd # =59 a¥ommy C
dotal akoeatc B =4 4. Derexrming Symeol

= aA\Phal Parn e\ o€ newy Nuces

21. en aluminum-27 is bombarded with a neutron, a gamma ray is emitted. What
radioactive isotope is produced? S. Complk Qel/u.a:ﬁ o,
A) silicon-27 oSS ® T 2R 2.9 \
B) silicon-28
luminum-28 28
o
D) magnesium-27 ?‘; A\ ¥ é:) B & 8 + \3 Ak
E) magnesium-28 e —~—
o e =
Yak\e )

22. The nuclear reaction shown below is an example of what type of process?
22—1Th —y 220 Rn + + He

4 88 2
A) fusion
B) fission o ?\A&'
LChtranstation

@glpha decay
eta decay
e
e

23. Nitrogen-17 is a beta emitter. What is the isotope produced in the radioactive decay?

18
B % 028 T =%
B) l;?B / / ™~

= N —» O e =

18 A= BL ‘ _

L) g ?\o&om\c g g oyoiic ¥ 8= Ox &n
D) U'F ) * X =

LA
S e
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24. What is missing in the nuclear reaction shown below?
"B + ;He-—>7+ n
2

A) a neutron =14 \2

B) '7313 \D/\L\ /\

14 ™ VS \
c) N sB Y ate — PN 4
\/ \/
.ﬂm = / =
5 mic ¥ T = N
ENKD .wribe Bae
\ an,ompu.}:ﬁ
%5. Wheitl_}s tl;e radiation forme-:i?'S - l Q%Labk,oﬁ-
= + 7 S
0 1 (P“C: \ ] 2. mass ¥
A) alpha par.t1cle \ o >\ \_\ + e exac .
(B))beta particle o ot eides
positron N b Y 4
D) gamma ray :‘:"‘_‘_"“Q = =2 oloraic W
E) proton = O —
-1 = 172,128 5 ) (@)
'\70\-'(“ Lol giades
26. What is missing in the nuclear reaction shown below? ;{' - Dedernning
B+ *He — BN+ B e
35
A) gamma radiation 4 ‘A l S, CQM?\L&%
B) a positron . /'\\ QEA&_*\M
C))a neutron o) Hhe SN+ N
) an alpha particle = B g =¥ 8
E) a beta particle e B
o
27. The product from the alpha decay of 2;;1} is
A) 2 Np. nass ™ 2325
3 s
239 \C - /\
B) iy Pu. 125 4 23\
U — 3¥e x oTh
A2 B
233 Catomic A=
D) 80 Ra. # —A>
E) 2°U. Ap = Pnovivum

92
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28. What is missing in the nuclear reaction shown below?
66 1
+ R
,‘“Zn p
o™t

A) a proton
B) ijGa //\
~- e T+ o > 5 Ga

H6 3©
Q) . Ga .
o BN
D) {'I.f Zn
31
E) 65 Cu

29

29. Write a balanced equation for the positron emission of the following: 1%0

— _-_—-_—____——___________________-
A) 130 - e+ 15@ IS
C 8 +1 7 r /\ L. Wdvive Bne

B) 130 + % - 13N s WA CO rAp\RAE c%nﬁon
O — e « ‘q-N
C)1%0 » %+ 3F 8 + -
’ A N 2. NASS e/ce;ca.\
D) 30 + % - 5N Q on oo SvdesS
E) None of the above .
2. cxorne T C—%}“"j
on ot~ stae

30. The nuclear reaction

'2Sn — '28b + ? 4. Derex v
50 bl \=-e ‘.-';\;‘M\?CD\

is an example of & /\ e

A) fusion. \"2\o \'D-kp b S. Cornple™t

B) fission. e =P s\ Se ¥ ae eguaXion.

C) translation. c \/ -
Ipha decay. S50

) beta decay.

31. Write a balanced equation for the positron emission of Nitorgen-13

AN - e+ 10 R

B) BN - % + 3Be £ P i WY
) 13 +1e+ 3C \_'%N o _:D\e 4 LDC
7N—> _/,e/+ 130 =
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32. When a gamma ray is emitted from the nucleus of an atom, the nuclear mass
A) increases by two units.
B) decreases by one unit.
C) increases by one unit.
%decreases by two units.

emains the same.

%Q_M oL = ?DX

>0
33. Radium-226 decays by alpha decay to
A) barium-131. g T /\. i
B) cobalt-60. 28 Ro — ‘Lae +% Ra
C) carbon-14. B S

C‘[‘jl polonium-218. T St
)

radon-222. ) 82 Qe = vadon

34. The recommended dosage of I-131 for a test is 4.2 microcuries per kg of body weight.
How many mCi should be given to a 55 kg patient? (1 mCi = 1000 pnCi)

A) 230 i . "

B) 0.23 mCi =S V_cﬁh—b MG — w Co

C) 0.076 mCi
D) 760 mCi
E) 13.8 mCi

35. Suppose a person absorbed SOmrad of alpha radiation. What would be the equivalent
dose in millirems? The biological effect factor of alpha radiation is 20.
A) 1 mrem

(B) 1000 mrems ) Mrems = mveds = SLacxoyr
C) 2.5 mrems
D) 2500 mrems = (‘Sbm\r&d\ Q’L 03

E) 100 mrems
= {000 encecnS

36. A sample of cerium-141 for a diagnostic test was dissolved in saline solution to an
activity of 4.5 mCi/mL. If the patient undergoing the test needs a dose of 10. mCi, how
much of the solution should be injected into the patient?

A) 45 mL
B) .45 mL ,

Owmc| e o
D) 22 mL | 4 < .

E) 4.5 mL 4. Swml
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37. The unit used to measure the amount of radiation absorbed by a gram of material is
called

B) sievert.

C) curie.

D) rem.

E) becquerel

38. Two technicians in a nuclear laboratory were accidently exposed to radiation. If

Technician #1 was exposed to 8mGy and Technician @cz 5 rad) which technician received
more radiation. Convery orlay +5 Yad So Haew oxe ‘woth
(1 Gy = 100 rad) T el s
A) Technician #1 {© Coun  Compoxe. L\{DU could
echnician #2 FTake Thecn to wAltay o)

They both received the same. H# [

_ \Dov od st S
Teen#t = B - [ores)
Vo0 oy \ Gy

39. A sample of technetium-99m has an activity of 1.5 Ci. How many disintegrations occur
in the technetium-99m sample in 5.0 sec? (\ Ca = 294008

A) 5.6 x 1010 Cu= disinteayvation pex second  of \oy e o on
=
C) 1.1 x 1010 B%= disinkaacanons  pex second

D) 7.5 ConNey G o g Prer tauthiply o S Sec
E) 2.0 x 10-10

|.5 Ca [75-?%!0‘0%%\ S5LS = g.¢x10" c;\if:in"tﬂ%‘{‘&i:\o"\g
L&A

40. A patient receives 10 mrads of gamma radiation. If the factor that adjusts for biological
damage for gamma radiation is 1, how many mrems did the patient receive?

A) 2 mrem

2l miem (omvadsv (D = 10 mremns

C) 10 mrem

D) 20 mrem

E) 200 mrem

41. The activity of a radioisotope is defined as:
A) the radiation absorbed by a gram of material
B) the biological effect of different kinds of radiation
the amount of radiation absorbed by a material
éﬁhe number of disintegrations per second
rad multiplied by a factor

Page | 10
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42. The unit(s) that are used to describe activity is(are):
C&lg%ray (Gy)
B) becquerel (Bq)
rad
D) Curie (Ci)
b) and (d)
7\

43: i e biological effects is:
A) gray \ -

B) becquerel (Bq) ~

C) rad

D) rem

E) sie

44. The unit(s) used to measure the amount of radiation absorbed by a material (ex
human tissue) is(are): B -
A) gray (Gy)
B) becquerel (Bq)
C) rad
Curxe (C]]

@(a) and (c

45. Biological damage (rem) can be calculated by:

multiplying the absorbed dose (rad) by a factor that adjusts for biological damage.
the number of disintegrations per second.

C) dividing the absorbed dose (rad) by a factor that adjusts for biological damage

D) with a Geiger Counter.

E) the severity of the patient’s cancer.

46. Sodium-24 has a half-life of 15 hours. How many hours is three half-lives?
A) 60 hours

B) 45 hours /1S X% = 45 lhoux S

C) 30 hours

D) 15 hours

E) 7.5 hours

47. The half-life of a radioisotope is

A) one-half of the time it takes for the radioisotope to completely decay to a nonradioactive
isotope.

B) the time it takes for the radioisotope to become an isotope with one-half of the atomic
weight of the original radioisotope.

C) the time it takes for the radioisotope to become an isotope with one-half the atomic
number of the original radioisotope.

D) the time it takes for the radioisotope to lose one-half of its neutrons.

@he time it takes for one-half of the sample to decay.

age | 10
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48. Krypton-79 has a half-life of 35 hours. How many half-lives have passed after 105
hours?

A) 1 half-life \0S \nouxs | e - ke

B) 2 half-lives = 3 \\a\E-lives
25NN S

D) 4 half-lives
E) 5 half-lives

49. The half-life of bromine-74 is 25 min. How much of a 4.0 mg sample is still active after

75 min?

A) 0.50 mg 35 onin |ha€-\ie i

B) 1.0 mg "_—__\55/\’5;51 = 5 hoe-lives
C) 2.0 mg

D) 0.25 mg

| Z
E) 4.0 mg ‘-\ oy —> ’;meb—-—b | voy Fé—b- O.Smcs_

Codn avvols fepresents | Wa\C-\ives.
50. Technetium-99m is an ideal radioisotope for scanning organs because it has a half-life
of 6.0 hours and is a pure gamma emitter. Suppose that 80 mg were prepared in the
technetium generator this morning. How many milligrams of technetium-99m would
remain after 18 hours?

A) 15 m s ,
B) 5 mgg \wﬁ = 3 halC-\wes
@10 mg Lo \nov¥ S
) 20 mg
E) none 7 B 3

cgow\‘5 __\_.—p 4o s | —F LOma i L M3

51. A sample of sodium-24 with an activity of 12 mCi is used to study the route of blood
flow in the circulatory system. If sodium-24 has a half-life of 15 hours, what is the activity

after three half-lives? 7‘
A) 12 mCi not needed

B) 6 mCi

D) 1.5 mCi \enCi — LowC — 3G —2 \.SenC
E) O mCi

52. Strontium-85, used for bone scans, has a half-life of 65 days. How long will it take for
the radiation level of Strontium-85 to drop to 0-1;13-_1:9__1_1_I"th of its original level.

A) 65 days ;
(B)130 days 4o Visuelite, Prexend yoeuw hove (0OG .

195d
E) 266 days I ~ 3\,
Page | 11 loocs — BEECyy, = 2S5
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53. What type of imaging technique uses the formula: 13F e 130 - +2€
A) MRI

-\ osxh’on em'\%:‘:‘on | posifyon
D) SMT Aorn0Oy PN
E) RTS

54. An imaging technique in which a computer monitors the degree of absorption of-)gy‘
beams is known as

A) positron emission tomography (PET).

B) magnetic resonance imaging (MRI).
@computerized tomography (CT).

D) radioactive iodine uptake (RAIU).

E) a scan.

55. An imaging technique that detects the energy emitted by hydrogen atoms in a| magnetic \
field is known as

A) positron emission tomography (PET).

B) computerized tomography (CT).

resonance imaging (MRI).
J) radioactive tracer study.
E) super magnetic tomography (SMT).

56. When an atom of uranium-235 is bombarded with neutrons, it splits into smaller nuclei
and produces a great amount of energy. This nuclear process is called
fission.
B) fusion.
C) decomposition.
D) chain reaction.

E) ionization.
>%e N
N o
57. Fi ' the nuclear fission reaction: 233U + in = 3:Kr + 3in+ g_g + energy
~
B) 14Bq
C) in :
| = WA
) 236U i\b ynwi\C + % LA W
E) 142x
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58. What does Einstein’s equation E=mc?2, explain?
The amount of energy released when mass is lost in a fission reaction.
) The amount of energy released when mass is lost in a fusion reaction.
C) The energy of the radiation in alpha decay.
D) The energy of the radiation in beta decay.
E) The energy of gamma rays.

59. What begins nuclear fission?

A) Radioactive materials fission by themselves.

B) A spark.

C) Nuclear fission has always been occurring on the Sun.
Bombardment by high-energy particles into a radioactive atom.

E) A particle accelerator.

60. What does the “critical mass” describe?

A) The amount of heat given off during a fission reaction.

The amount of fuel required for a fission reaction to maintain itself without adding more
uel.

C) The amount of radioactive material required to make it explosive.

D) The amount of radioactive material needed to begin nuclear fission

E) The amount of radioactive material needed to begin nuclear fusion.

61. What was required to detonate an atomic bomb and achieve critical mass?
A) 6 tons of radioactive material inside the bomb.
B) The impact of the bomb hitting the ground.
C) A fuse to ignite the radioactive material.
TNT was detonated around the outside of the radioactive material.
E) Bombs don’t have to reach critical mass to explode.

62. Can nuclear reactors explode?
A) No
B) No
C) No
D) No
(E)ALll of the above

63. In the Sun, nuclei of hydrogen combine to form a larger nucleus and release a great
amount of energy. The process is known as

A) fission.
B) fusion.
) metathesis.

D) chain reaction.
E) ionization.
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For problems 65-69, indicate weather each of the following is characteristics of fission or

fusion

a. both fission and fusion

b. fission

c. fusion

64. A large nucleus is split into smaller nuclei s\0N

65. Very high temperatures must be achieved to initiate the reaction. cos\on
66. This process produces radioactive by-products Q\ SS\oN

67. Large amounts of energy are released. bootin

68. Two small nuclei combine to form a larger nucleus. Lus\on
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