
Physics 132-02 Test 3

I pledge that I have neither given nor received unauthorized assistance during the completion
of this work.

Name Signature

Questions (5 for 8 pts. apiece) Answer in complete, well-written sentences WITHIN the
spaces provided.

1. During the radioactivity laboratory you made several runs with the radiation counter
with no radioactive sources nearby. Why?

2. Radiocarbon dating relies on the observation that the fraction of 14C in living organisms
has been at least roughly constant for many thousands of years. How can this be if
the 14C is constantly decaying away?

3. Recall the discussion of Newton’s corpuscular theory of light in the laboratory on
interference. Does the data you collected for that lab support Newton’s theory or the
wave theory? Why?

4. The position of each interference maxima (bright spot) in the interference lab is

ym =
mλL

d

where ym is the distance of a bright spot from the central maximum (the distance along
the slide in this experiment), d is the slit separation, and L is the distance from the
slits to the phototransistor. The wavelength of the light is λ, and m is the order of
the bright spot. Generate an expression for the distance ∆y between adjacent bright
spots. Explain.
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5. The figure shows two rays of light (in red) with λ = 600 nm that reflect from mirrors
that are separated by 150 nm. The rays are initially in phase and there is no phase
change upon reflection. What is the path difference δ of the two rays? When they
have cleared the reflection region are the rays in phase, 180◦ out of phase, or in some
intermediate state? Explain.

Problems (3). Clearly show all reasoning for full credit. Use a separate sheet to show your
work.

1. 15 pts. There are radioactive substances all around us. Consider the radioactiv-
ity of milk we studied in a problem on the Chernobyl nuclear accident.
The radioactivity is due to the presence of potassium. Assume that
one liter of milk contains a mass mK = 2.6 g of potassium, of which a
fraction f = 0.012% is the isotope 40K with half-life tK = 1.28×109 yr.
What is the activity (decays/s) of milk?

2. 20 pts. High-power lasers in factories are used to cut through cloth and metal.
One such laser has a beam diameter of d = 1.0 mm and generates an
electric field having an amplitude of Em = 0.70 MV/m at the target.
(a) What is the amplitude of the magnetic field produced? (b) What
is the intensity of the laser? (c) At an instant in time the electric field

from the laser is ~E = 5.7341× 105 V/m î + 4.015× 105 V/m ĵ and the

magnetic field is ~B = −1.3192× 10−3 V − s/m2 î + 1.884× 10−3 V −
s/m2 ĵ . Are these fields perpendicular to each other? Explain.

2



3. 25 pts. The double-slit effect is used to guide aircraft to safe landings in poor
visibility. In the figure below two radio antennas (the black dots) are
adjacent to the runway separated by d = 40 m. The antennas broadcast
radio waves at a frequency f = 30× 106 cycles/s. The red lines in the
figure represent paths along which maxima in the interference pattern
of the radio waves exist. The pilot ‘locks on’ to a strong signal along
the interference maximum and follows it to the airport runway.

1. What if the pilot locked on to the first side maximum as shown
in the figure. How far to the side of the runway centerline will
the plane be when it is a distance L = 1 km from the antennas
as measured along its direction of travel?

2. To identify the central interference maximum a second pair of
transmitters sends out radio waves at a different frequency from
the same position as the first pair. The pilot now searches for
two strong signals at different frequencies. How would the pilot
be able to tell if the plane was on the central maximum in this
situation? Hint: Consider the angular positions of the peaks in
the two interference patterns. You do not necessarily have to
make any calculations to answer part 2. Explain.

DO NOT WRITE BELOW THIS LINE.
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Physics 132-2 Test 3 Equations

R =
dN

dt
= −λN N = N0e

−λt t1/2 =
ln2

λ
y = A sin(kx−ωt+φ) kλ = ωT = 2π f =

1

T

E = Em sin(kx− ωt+ φ) B = Bm sin(kx− ωt+ φ) sin θ =
y√

L2 + y2
≈ y

L
sin θ ≈ θ

~S =
1

µ0

~E × ~B E = cB |~S| = Intensity =
E2

2µ0c
vwave =

λ

T
= λf

δ = d sin θ = mλ ≈ dym
L

(m = 0,±1,±2, ...) δ = a sin θ = mλ ≈ aym
L

(m = ±1,±2, ...) φ = kδ

I = Im cos2

(
πd

λ
sin θ

)

~F = m~a =
d~p

dt
ac =

v2

r
W =

∫
~F ·d~s KE =

1

2
mv2 KE0+PE0 = KE1+PE1

~FC = ke
q1q2

r2
r̂

~E ≡
~F

q0

~E = ke
∑
i

qi
r2
i

r̂i ~E =

∫
kedq

r2
r̂ V = ke

∑
n

qn
rn

V = ke

∫
dq

r
V =

PE

q
V = Ed

~FB = q~v × ~B |~FB| = |qvB sinα| |~Fc| = m
v2

r

x =
a

2
t2 + v0t+ x0 v = at+ v0 sinA+ sinB = 2 sin

(
A+B

2

)
cos

(
A−B

2

)

~A× ~B = (AyBz−AzBy)î−(AxBz−AzBx)ĵ+(AxBy−AyBx)k̂ = | ~A|| ~B| sinα (right-hand-rule direction)

~A· ~B = AxBx+AyBy+AzBz = | ~A|| ~B| cosα ln(ab) = ln a+ln b ln(ab) = b ln a eab = eaeb

df(x)

dx
= lim

∆x→0

f(x+ ∆x)− f(x)

∆x

d

dx
(f(u)) =

df

du

du

dx
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d

dx
(xn) = nxn−1 dex

dx
= ex

d

dx
(lnx) =

1

x

d

dx
(cos ax) = −a sin ax

d

dx
(sin ax) = a cos ax

〈x〉 =
1

N

∑
i

xi σ =

√∑
i (xi − 〈x〉)

2

N − 1
A = 4πr2 V = Ah V =

4

3
πr3

∫ b

a

f(x)dx = lim
∆x→0

N∑
n=1

f(x)∆x

∫
1

x
dx = lnx

∫
xndx =

xn+1

n+ 1

∫
eaxdx =

eax

a

∫
x√

x2 + a2
dx =

√
x2 + a2

∫
x2

√
x2 + a2

dx =
1

2
x
√
x2 + a2 − 1

2
a2 ln

[
x+
√
x2 + a2

]
∫

x3

√
x2 + a2

dx =
1

3
(−2a2 + x2)

√
x2 + a2

∫
1√

x2 + a2
dx = ln

[
x+
√
x2 + a2

]

Physics 132-2 Test 3 Constants and Conversions

Avogadro’s number (NA) 6.022× 1023 Speed of light (c) 3× 108 m/s

kB 1.38× 10−23 J/K proton/neutron mass 1.67× 10−27 kg

1 u 1.67× 10−27 kg g 9.8 m/s2

Gravitation constant 6.67× 10−11 N −m2/kg2 Earth’s radius 6.37× 106 m

Coulomb constant (ke) 8.99× 109N−m2

C2 Electron mass 9.11× 10−31 kg

Elementary charge (e) 1.60× 10−19 C Proton/Neutron mass 1.67× 10−27 kg

Permittivity constant (ε0) 8.85× 10−12 kg2

N−m2 1.0 eV 1.6× 10−19 J

1 MeV 106 eV atomic mass unit (u) 1.66× 10−27 kg

Planck’s constant (h) 6.63× 10−34 Js Planck’s constant (h) 4.14× 10−15 eV s

Permeability constant (µ0) 1.26× 10−6 Tm/A Rydberg constant (RH) 1.097× 107 m−1

Becquerel (Bq) 1 decay/s Curie (Ci) 3.7× 1010 Bq
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The Periodic Chart.
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