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PART 5 - Period Table

Use the following information to answer Q1:

Selected Elements from the Periodic Table

5 B|® C|7 N|& O

10.81 12.01 14.01
bomon carbon ' rHrogen

Q1:Boron-11 has__i__protons and __ii _ neutrons in its nucleus.

i i

A. 5 5
(B.) 5 ]
C. 6 5
D. 6 6

Q2: What is the approximate mass difference between Carbon-12 and Carbon-14?

a. 9.11x10% kg 2 -23
VI e 1.66 =1 lc
b. 1.82x10% kg 2 ( 6 10 j)

c. 1.66x10% kg 4onee fus /,ééx(o'”/cj

3.32x107 kg
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PART 6 — Alpha, Beta, and Gamma Decay

Q3: Which type of radiation would exhibit nodes and antinodes in a modified Young’s double-slit
diffraction experiment?

I - Alpha Particles ————» —Too /:.rg(
IT>- Beta-positive particles _ -k [
it artices P Y PTR 50 AT X
Beta-negative particles —»

@-Gamma particles EMR

a. land

I, 1, and IV
c. MNlandIV

d. IVonly

Use the following information to answer Q4 and Q5:

Household smoke detectors use a sample of 0.30ug of Americium-241. This sample has an activity
of 37 kBq, and decays via Alpha-decay. Americium-241 has a half-life of 432.6 years.

Q4: Which of the following statements is false?

a. Alpha particles are blocked by the plastic casing. = Even

b. Approximately 37,000 alpha particles are emitted per second. —» 33 I‘B"Z 3H 000 32

c. The radioactive sample is continuously losing mass. —p As i+ loses alf)ka. r)cr—hcéas
@ None of the above.

Q5: Write the radioactive decay for Americium-241.

2’”/4m 2 PN 23"7 /\/P

Q6: When predicting products in a radioactive decay, which two physics principles are necessary?

(Record your two digit answer in the Numerical Response boxes below)

7 - Goservaton of Checye
8- Consenckion of alocloas

7|8

o

—

87
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Q7: The most penetrating type of radiation is:

a. Alpha
b. Beta-negative
c. Beta-positive

Gamma

Q8: Which type of particle is emitted when an up quark changes to a down quark?
oo
a. Alpha Ao Neoheo

b. Electron \A O
c. Gamma d%
Positron

uud = wdd + 9 os rvons
((o{\ﬁz.wg’ﬁan d(' C"\dﬁf)

Use the following information to answer Q9:

Stable Isotopes
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Q9: Which of the following isotopes would be stable?

a. Isotope A
Isotope B

@ Isotope C

d. Isotope D
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Q10: When *’Cu undergoes positron emission, what is the immediate nuclear product?

@) “Ni 59
< G = Dp e BN

b. *Ni
c. *cu
d. ¥zn

Q11: When ?*°U is bombarded with one neutron, fission occurs and the products are three neutrons, K,
and

) 235 | a4 K
G o ad o0 P 30+ Fe+ 1T Ba
b. Ba
c. 3ce
d. B%e

Use the following information to answer Q12:

There are two possible sequences through which the unstable radioactive nucleus Polonium-218 can
decay. They are shown below. The daughter nuclei are labelled 1, 2, 3, and 4.

A Q0
X ,;.",}cﬁ
2V 1
&
0 1%
’y\q‘;‘& P}&x\"’

Q12: Match each of the boxed numbers above to the daughter nucleus that it represents, below.

Number: 2 2 |
Daughter Nucleus: 28 At 24 b 214 ppy

(Record your three digit answer in the Numerical Response boxes below)

21311
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PART 7 - Radiation and Magnetic Fields, Cloud Chambers

Use the following information to answer Q13:

Household smoke detectors use a sample of 0.30ug of Americium-241. This sample has an activity
of 37 kBq, and decays via Alpha-decay. Americium-241 has a half-life of 432.6 years.

The radioactive sample is placed in a cloud chamber, as depicted below:

Lid (transparent for viewing)

Alcohol wick

Window for light
Supersaturated
alcohol vapor

Particle track

When the charged alpha particle interacts with the mixture, the fluid is ionized. The resulting
ions act as condensation nuclei, around which a mist will form. The high energies of alpha particles
mean that a trail is left, due to many ions being produced along the path of the charged particle.

A uniform magnetic field is applied across the cloud chamber, as depicted below.

X X x X X X X x
Cw

> B
ﬁ X X X X X b 4 X b 4
L
C’C\O X X X X X X X X
AU
q

Q13: Explain how the path of the alpha particle would differ from that of Beta-negative radiation in the
same cloud chamber.

Alpha ickele

E belco
(osikive cruge = Q‘j“" Heed 2ole Ao  qodive Qka(je—a Lot+ Hend 2
Robdes covy. Rotodes cu.
Honrg, 50 o690 podivs of cocuivee hight, 50 @sily doflcted.

(beely Qoflocled ) Seael | fodivs oF cuguibuce,
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PART 8 — Half-Life Graphs

Use the following information to answer Q14:

Graph of Radioactive Isotope Decay

a0 /

as\ /}r
Q) f{

Un

=N/
E &0 —
g 50 ©-Parent Isotope
£ ]
g
= / \ -0-Daughter Product
b
o
2 0
T 251 F \Gk
20 +4
2.5 f QH
10T ~¢
0 G- S—o-b-0-06 0

o & 2 3 4 5 & 7T & 9 10
Age (number of half-lives)

Q14: How many half-lives would it take for only 12.5% of a radioactive isotope to remain?

a. %
b. 1
c. 2

(@3
Q15: Carbon-14 decays via Beta-negative decay to form Nitrogen-14. If a sample is tested and 25% of
the radioactive Carbon-14 is now Nitrogen-14, approximately how many half-lives have passed?

1/2 54 of C-1Y (ecﬂa?rﬁ(\j'
1

2
3

a0 o
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PART 9 - Half-Life Equations

Use the following information to answer Q16:

Household smoke detectors use a sample of 0.30ug of Americium-241. This sample has an activity
of 37 kBq, and decays via Alpha-decay. Americium-241 has a half-life of 432.6 years.

Q16: The activity of the Americium-241 after 1000 years will be a.bc x 10? Bq, where a, b, ¢, and d are

__I_I__Iand_.__

(Record your three digit answer in the Numerical Response boxes below)

7{41513 Nz b (3)

A= 37,000 (4

Nz 3453.11388833 By
> M58 Bq

) 1000 T432.6

Q17: At time zero, there are 10.0 grams of W-187. If the half-life is 23.9 hours, then after 7.0 days there
will be how much remaining?

@ 0.0765 ¢ N-= /\[o (i)n

0.628¢g ‘
168 = 23.9
c. 248g N= 1o (é)

d. 4.98
& - 3455 % O2
0.0 ‘-7653
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PART 10 - Fission, Fusion, Conservation of Mass-Energy, and Matter-Antimatter Annihilation

Use the following information to answer Q18-Q20:

Mass and Energy
Particle Atomic Mass
Proton 1.007276 u
Neutron 1.008665 u
Carbon-14 14.003241 u

Rubidium-90 89.914802 u
Strontium-89 88.907451 u
Cesium-143 142.927352 u
Uranium-235 235.043924 u

Q18: Carbon-14 has an atomic mass of 14.003241 u. The mass defect of Carbon-14 is a.b x 10°? kg,

wherea, b, ¢, anddare___,__,  ,and __. 6? £ 6(/. 007 2?6) . 6043654
(Record your four digit answer in the Numerical Response boxes below) 8 (\o - 8< .0 O3 665) - B 069232
Y 112976
2
/18] 2|8 Diff = 0.101935 4

o [ 821606 xtO’zslfj = {-8’('0—28%

Use the additional information to answer Q19 and Q20:

The fission of Uranium-235 can occur as follows:

235U + 1n N 31n + 143(:5 + X

Q19: Predict the other product of the fission reaction.

235 ) | | ‘{3
a2ld *o0 —"%f’ﬂ*%&*gﬁﬁb
Q20: The energy released in this process is a.b x 10°* J, where @, b, c,and dare __, __, __and__.

(Record your four digit answer in the Numerical Response boxes below)
235 | 1Y3 Qo
U~ lo =307 'Bler 356b

218t 235,039 + 1006665 = 3(1.008665) + 142.427352+ §9,914802

Acr: 0141w = 3,0617064%10 8 kg

AEamc?® = 2.755533{x0 M v

~\
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PART 11 - Miscellaneous Questions

Use the following information to answer Q21 and Q22:

The centers of two protons in a helium nuclear are separated by a distance of 2.30 femtometers.

Q21: The magnitude of the electrostatic repulsion between these protons is approximately a.bc x 107 N,
where a, b, ¢, and d are , , ,and .

(Record your four digit answer in the Numerical Response boxes below)

Fe s k9.9, (8.q‘7><t0“>(2,GOx«o“"‘XI.éowo"q)

113]15]! P (230x07°)*
> l"’ 30605"(820‘{’6 /\[
> 4,35x10" A

Q22: Which of the following attractive forces overcomes this electrostatic repulsion?

a. The gravitational force.
@) The strong nuclear force.
¢. The weak nuclear force.
d. Acombination of all three forces. —> L _Jok Socc 35 Tavalved 1a ﬂe*&»éec«j onB.

Q23: A positron has a mass number of O, a charge of +/_, and a mass equal to that of a(an) ib.d“‘“"’

! L

No puckoas Paitive
Elcton

a. 0,1+, proton
b. 1,2+, proton

@ 0, 1+, electron

d. 1, 2+, electron

Q24: Which of the following quark configurations best describes a proton?

a. uuu
@) ud —> +73 +23 -y 7 4l
c. udd See™ Fedt Bapaption Reions”

d. ddd oni&( focenda sheot .



