
Physics 132-1 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 nuclear decay shown below what is the missing particle? Explain your reasoning.
225Ac → 4He + ?

2. Consider the table below which shows the results from four different 14C laboratories
for the age of a medieval document. The typical uncertainty in these measurements is
±20 years. Are the results of the four labs consistent? Explain.

Lab Age (years)

1 617

2 631

3 599

4 692

3. Consider the figure below of an electromagnetic wave like light. The red arrows rep-
resent the electric field and the blue arrows represent the magnetic field. What is
the direction of the energy flow of the wave? Clearly state your reasoning and any
equations you use. Express your answer in terms of î, ĵ, or k̂ .
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4. In our study of double-slit interference we used a red laser to create an interference
pattern like the one shown below. How would that pattern change if we used white
light instead? Explain. Recall that white light is a mixture of different colors. See the
electromagnetic spectrum on page 5.
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5. Induction furnaces are commonly used in industry to take advantage of electromagnetic
induction to heat metals. How would such a device work and what things would you
need to build one?

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

1. 15 pts. A radioactive isotope of mercury, 197Hg, decays into gold, 197Au, with
a disintegration constant of 0.0108 h−1. (a) What is its half-life? (b)
What fraction of the original amount will remain after three half-lives?
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2. 20 pts. The Impressionist painter Georges Seurat created paintings like the one
shown below with an enormous number of dots of pure pigment, each
of which was approximately d = 1.0 × 10−3 m in diameter. The idea
was to locate colors such as red and green next to each other to form
a scintillating canvas. Outside what distance L would one be unable
to discern dots on the canvas? Assume that λ = 6.0× 10−7 m and the
human pupil diameter is a = 3.0× 10−3m.

You may have read about a factor needed to account for circular open-
ings versus rectangular ones like we studied. If you don’t remember
that factor, don’t worry about it - just use the equations for rectangu-
lar openings that are written on the equation sheet.

3. 25 pts. Helium atoms emit light at several wavelengths. Light from a helium
lamp illuminates a double-slit and is observed on a screen L = 0.50 m
behind the slits. The emission at wavelength λ1 = 501.5 × 10−9 m
creates a first-order (m = 1) bright fringe at a distance y1 = 0.219 m
from the central maximum. What is the wavelength λ2 of the bright
fringe that is y2 = 0.316 m from the central maximum?
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Physics 132-1 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

S⃗ =
1

µ0

E⃗ × B⃗ E = cB |S⃗| = Intensity =
E2

2µ0c
vwave =

λ

T
= λf

δ = mλ = d sin θ ≈ dym
L

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

(m = ±1,±2, ...) ϕ = kδ

λ = a sin θR ≈ ah

L
I = Im cos2

(
πd

λ
sin θ

)
I = Im

[
sin

(
πa
λ
sin θ

)
πa
λ
sin θ

]2

F⃗ = ma⃗ =
dp⃗

dt
ac =

v2

r
W =

∫
F⃗ ·ds⃗ KE =

1

2
mv2 KE0+PE0 = KE1+PE1 p⃗i = p⃗f p⃗ = mv⃗

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

F⃗C = ke
q1q2
r2

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

r

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

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
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⟨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 132-1 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

Electromagnetic Spectrum
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The Periodic Chart.
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