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209 — WWorksheet — Dadioactivity 120 marks

PART 1 - Fundamental Forces

Use the following information to answer Q1:

The Four Fundamental Forces

Binds the nucleus Binds the atom

Causes radioactive beta decay Binds the solar system

The Four Fundamental Forces
1 - Electromagnetic Force
2 — Gravitational Force
3 —Strong Nuclear Force
4 — Weak Nuclear Force

Q1: Use the Numerical Response numbers above to assign the fundamental force with its major
contribution below.

Binds the nucleus Binds the atom Causes radioactive Binds the solar
Beta decay system

(Record your four digit answer in the Numerical Response boxes below)
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Use the following information to answer Q2-Q4:

:

Fundamental Forces

All masses attract fofine bt
. " ; a6
Gravitational Mass aiich other wea?ens with Graviton 10
distance
. y infinite but
. Electric Opposites .
Electromagnetic charge ateract, likes repel wea.kens with Photon I
distance
Three colors = {05 meters
Color combine to make |(distance between
Strong charge neutral protons in atomic Gluon 12
combinations nucleus)
Weak Massive particles | = 108 meters
Weak decay to lower | (1/1000% proton | W&Z 107
charge " .
mass particles diameter)

Q2: Which fundamental force has the smallest effective range?

a. Gravitational
b. Electromagnetic
c. Strong

Weak
Q3: Which fundamental force is the strongest?

a. Gravitational
b. Electromagnetic

@ Strong

d. Weak

Q4: Which fundamental force is the weakest?

Gravitational

b. Electromagnetic
c. Strong
d. Weak
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Q5: Which fundamental force is suspected of being attractive, but repulsive at extremely close
distances?

a. Electromagnetic force
b. Gravitational force
(©) Strong nuclear force

/ﬁléép I~ Mo THAT 605741’15'(5 Aee
d. Weak nuclear force
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Q6: Which best describes the balance of attractive and repulsive forces acting inside the nucleus?

@ FStrong + I:Gravity 2 FElectromagnetic

b. FStrong + FEIectrostatic 2 r'.Gravity

Growiky's londchoton is  aegligivle, bot still odiactive,

C. I:Gravity 2 FStrong"’ I:Electromagnetic

d- FStrong 2 I'-"Electromagnetic + I:Gravity

Question: How much do you actually need to know about these fundamental forces?

Answer:
THERE ARE. FOUR (@ ELECROMABNETISNY | | (3) THE STRONG MIELERR | | AND (4) THE 469K FRCE. IT
FUNDAVENTAL FORCES | | LUHICH OBEYS 715 FORCE, UHICH OGEYS, UH... | | (Momie: roMaLE] RADIOACTIVE
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PART 2 - Alpha, Beta+, Beta-, and Gamma Decay

Q7: Uranium-238 decays via alpha decay. Write the equation.

238 -

Q8: Carbon-14 decays via beta-negative decay. Write the equation.
14 C o Ml v S
L — ﬂ + 0 D
Elechkcon

Q9: Fluorine-18 decays via beta-positive decay. Write the equation.

19 — o
q ——D‘Hﬁ +’go+’\7

fosinon

Q10: Barium-137 decays via gamma decay. Write the equation.

13% x

568a —> '%28q+b’
Gammo
Ray

Q11: The Physics Principles necessary to solve a radioactive decay question are:

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

2| - Gop seevatizng of Cho(gc
8 - Coosesvebiva of Aoclesos
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PART 3 - Cloud Chambers and Magnetic Fields

Use the following information to answer Q12:

Cloud Chambers

The cloud chamber, also known as the Wilson chamber, is a particle detector used for
detecting ionizing radiation.

In its most basic form, a cloud chamber is a sealed environment containing a supersaturated vapor
of water or alcohol. When a charged particle (for example, an alpha or beta particle) interacts with
the mixture, the fluid is ionized. The resulting ions act as condensation nuclei, around which a mist
will form (because the mixture is on the point of condensation).

The high energies of alpha and beta particles mean that a trail is left, due to many ions being
produced along the path of the charged particle. These tracks have distinctive shapes (for example,
an alpha particle's track is broad and shows more evidence of deflection by collisions, while an
electron's is thinner and straight).

; Va
o tracks from
radium - f

%
%

When any uniform magnetic field is applied across the cloud chamber, positively and negatively
charged particles will curve in opposite directions, according to the Lorentz force law with two
particles of opposite charge.

Q12: Which type of radiation will produce tracks in a cloud chamber?

a. Alpha radiation only

b. Beta radiation only )
(©) Alpha and beta radiation only CC";‘”M‘“ w00 € pecavse &+ on't o
d. Alpha, beta, and gamma radiation wjea particle, i+ s EMR.
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Use the following information to answer Q13-Q16:

An electron enters a cloud chamber, passing into a 0.100 T magnetic field. The initial curvature
radius is 1.00 cm. The electron spirals inwards in a clockwise direction, as shown below.

-

@8

Q13: What is the direction of the magnetic field?

T3 S
Into the page \;\// Y
b. Out of the page Lo hed cole.
c. Towards the top of the page 317
d. Towards the bottom of the page F

Q14: The electron entered the cloud chamber at an initial speed of b x 10” m/s.

(Record your three digit answer in the Numerical Response boxes below) '::_ - rm
mV?’ _ \1 é ,
— i
[]. | 7] 6 :
Y - qlB(
v- 9[Blr - (.60 ~16' Yo, Y(14167%)
o (Ux1073Y)

Q15: What would the path of a positron, moving with an identical speed, look like? . 7563 o A

a. Same radius, spiraling clockwise. va [ 6x(0% Y
Same radius, spiraling counter-clockwise. %ome ass, of()os}k dxcrje,

c. Larger radius, spiraling clockwise.

d. Larger radius, spiraling counter-clockwise.

Q16: Using a 2.00 T magnetic field, an electric field of strength a.bc x 107 N/C must be used to geta
velocity selector to select only particles which are moving at 100 m/s. The values of @, b, ¢, and d are

Y, ,and _.

i/E/ = @vlg/

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

2 =
\f'—_L‘:_.{_ M/ =
2lolol 2 131 1075 = 00T

|E|= 200
=2.00x10 N
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PART 4 - Half-Life Equations

Q17: A radioactive substance has a half-life of 30 minutes. What percentage of the atoms will not have
decayed after 1 hour?

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

2151. 10 Nz No (‘5)0‘/ O min + 30 e o Inelf-lide = 2 palé-lives.
£ N = 100 (2)
N Jo have N = 25
4hcee Qigs. 4o 25% \"enf)odo?qg.

Q18: The half-life of Zn-71 is 2.4 minutes. If one had 100.0 grams at the beginning, how many grams
would be left after 7.2 minutes have elapsed?

(Record your three digit answer in the Numerical Response boxes below)
n
N= N o <é>
N= ( |00O. O} ( }_L
N= 100 (4)?
N=12.5

Q19: Pd-100 has a half-life of 3.6 days. If one had 6.02 x 10> atoms at the start, then a.b x 10° would be
present after 20.0 days, wherea, b,¢c,anddare __, ,  ,and __.

J12].]5

)'-?.2 2.4

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

N=N.()" L

12122 N =(6,c>2xlo“‘3X£'> o
N (60211023 i)s's
Nz .27 % 0%
Nx 3 *!O"Z atom S

Q20: Fermium-253 has a half-life of 0.334 seconds. A radioactive sample is considered to be complete
decayed after 10 half-lives. How much time will elapse for this sample to be considered gone?

(Record your three digit answer in the Numerical Response boxes below)
Each holf-life 15 O 32 seconds.
3 o 3 L'I (O W'L-“V@S? JO=xO.23d{ - 303"{ 5&0(\&5




