
Physics 132-03 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. In the figure below a uniform magnetic field B⃗ causes an electron to follow the trajec-
tory shown. What is the direction of B⃗. Explain.

2. The decay of atomic nuclei is often characterized by a quantity known as the half-life
τ . The half-life is the period of time for one-half of the original sample to disappear
via radioactive decay. This statement can be expressed mathematically as Nnuc(t =
τ) = N0

2
. Starting with this expression show the decay constant λ and the half-life are

related by the following equation.
τ =

ln 2

λ

3. An electromagnetic plane wave is described by

E⃗ = EMAX sin (kz − ωt) x̂ (1)
B⃗ = BMAX sin (kz − ωt) ŷ, (2)

and has a wavelength of λ = 8 meters. All (x, y, z) points in this activity are in meters.
Draw a sketch of the wave on the axes below, at time t = 0. Explain your reasoning.
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4. Consider a laser beam shining on a circular hole. If a beam of light consisted of small,
unseen particles that behaved as tiny billiard balls called corpuscles what would you
see on a screen that is downstream from the circular hole? Now consider the same laser
beam shining on a pair of narrow slits. What would you see on a screen downstream
from the slits if light were made of corpuscles? Explain.

5. Does the spacing between bright spots in a double-slit interference pattern increase,
decrease, or stay the same if the color of the light is switched from red (λ ≈ 650 nm)
to blue (λ ≈ 450 nm)? Explain.

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

1. 15 pts. In a region of free space, the electric and magnetic fields from an elec-
tromagnetic wave at an instant of time are E⃗ = (80 î +32 ĵ −64 k̂) N/C

and B⃗ = (0.20 î, + 0.08 ĵ + 0.29 k̂) × 10−6 T . What is the magnitude
of the Poynting vector for these fields?

2. 20 pts. The waves from a radio station can reach a home receiver by two paths.
One is a straight-line path from transmitter to home, a distance of L =
40 km. The second path is by reflection from the ionosphere (a layer of
ionized air molecules high in the atmosphere). Assume this reflection
takes place at a point midway between receiver and transmitter and
that the wavelength broadcast by the radio station is λ = 1000 m.
The radio waves also undergo a change in phase equivalent to a shift
of λ/2 upon reflection. What is the minimum, nonzero height of the
ionospheric layer that produces destructive interference between the
direct and reflected beams. Ignore the curvature of the Earth.
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3. 25 pts. A metal strip ℓ = 6.50 cm long, w = 0.850 cm wide, and t = 0.076 cm
thick moves with constant velocity v⃗ through a uniform magnetic field
B = 1.20 × 10−3 T directed perpendicular to the strip, as shown in
below. This motion creates a uniform field E⃗ in the metal which exerts
a force on the electrons in the metal. A potential difference V = 3.90×
10−6 V is measured between points x and y across the strip. What is
the speed v? Where would the electrons in the metal tend to end up?

DO NOT WRITE BELOW THIS LINE.

3



Physics 132-3 Equations

F⃗ = ma⃗ =
dp⃗

dt
ac =

v2

r
W =

∫
F⃗ ·ds⃗ KE =

1

2
mv2 KE0+PE0 = KE1+PE1 F⃗C = ke

q1q2
r2

r̂

E⃗ ≡ F⃗

q0
E⃗ = ke

∑
i

qi
r2i
r̂i E⃗ =

∫
kedq

r2
r̂ V = ke

∑
n

qn
rn

V = ke

∫
dq

r
V =

PE

q
V = Ed

F⃗B = qv⃗ × B⃗ |F⃗B| = |qvB sinα| |F⃗c| = m
v2

r

R =
dN

dt
= −λN N = N0e

−λt t1/2 =
ln2

λ
y = A sin(kx− ωt+ ϕ) kλ = ωT = 2π

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

L2 + y2
≈ y

L
sin θ ≈ θ

S⃗ =
1

µ0

E⃗ × B⃗ E = cB |S⃗| = I =
E2

2µ0c
c =

λ

T

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

)
I = Im

[
sin

(
πa
λ
sin θ

)
πa
λ
sin θ

]2

I = Im cos2
(
πd

λ
sin θ

)[
sin

(
πa
λ
sin θ

)
πa
λ
sin θ

]2

x =
a

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

(
A+B

2

)
cos

(
A−B

2

)

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

A⃗·B⃗ = AxBx+AyBy+AzBz = |A⃗||B⃗| 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 = ln x

∫
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 132-3 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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