
Physics 303 Test 2

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

Name Signature

Questions (6 pts. apiece) Answer questions 1-5 in complete, well-written sentences WITHIN
the spaces provided.

1. What is an eigenvalue? Why is it special?

2. In developing the differential cross section dσ/dΩ we used the areal target density as
one of the essential parameters of a measurement. How might our calculation change
if the cross-section of the incoming beam where shaped not like a right cylinder with a
circular endcap, but as an oval or a square endcap? Cross section here does NOT refer
to dσ/dΩ, but to the intersection of a ‘body’ (the beam) with a plane (the target).

3. The figure below shows the energy spectrum from Rutherford back scattering with
6-MeV alpha (42He) particles on a 2 µm thick gold piece. The energy of the particles
is increasing to the right. What does the broad peak at high energy tell us about the
sample? What do the narrow peaks marked by the arrows tell us about the sample?
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4. The figure below shows the measured differential cross for a scattering experiment of
4
2He on gold. The curve is the Rutherford scattering calculation for elastic scattering.
What does the deviation between the calculated and measured cross sections mean?
Is it possible to extract the radius of the 208

82Pb from this measurement alone? Explain.

5. Suppose two identical balls of Play-Doh hang from massless strings at the same height.
They barely touch when both are at rest. One ball is pulled back to 60 deg and released.
It swings down, collides with the other ball, and they stick together. What laws of
physics would you invoke to calculate the final height of the struck ball? Explain.

Problems (1-3). Work out Problems 1-3 on a separate sheet to show your work. Clearly
show all reasoning for full credit.

1. 20 pts. Recall our study of the collision of the Earth with an asteroid that led to the demise
of most dinosaurs. Consider an asteroid that collides with the Earth and sticks to the
surface (a perfectly inelastic collision). How much energy is released in the collision?
Some potentially useful data is below. Ignore the effects of potential energy here.
Clearly state your reasoning and discuss and justify any approximations you make.

Asteroid: mA = 3.4× 1015 kg vA = 2.5× 103 m/s

Earth: mE = 6.0× 1024 kg vE = 3.0× 104 m/s

Do not write below this line.
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2. 25 pts. In a scattering experiment like the ones Rutherford performed the projectile starts
its journey essentially infinitely far away. What is its initial angle θi and radius r
at that moment? Use this information about r and θi and the orbit equation

1

r
=

µα

ℓ2
(1 + ϵ cos(θ − θ0))

to get an expression relating θ0 to ϵ and any other known, necessary constants.

3. 25 pts. A typical heavy atom consists of a nucleus of radius 10−14 m surrounded by an
electronic cloud of radius 10−10 m which neutralizes the nuclear electric charge for
radii larger than 10−10 m. For an alpha particle (Zα = 2, mα = 4 u) striking a
stationary magnesium atom (ZMg = 12, mMg = 24 u) with energy Ecm = 3.1 MeV,
what is the minimum scattering angle where the Rutherford formula is valid? The
Coulomb constant in Rutherford scattering is α = −ZαZMge

2 = −34.5 MeV − fm.

Do not write below this line.
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Equations, Conversions, and Constants

F⃗ = ma⃗ = ˙⃗p = −dV

dx
F⃗G = −Gm1m2

r2
r̂ F⃗C =

kq1q2
r2

r̂ F⃗g = −mgŷ F⃗s = −krr̂

|F⃗cent| = m
v2

r
F⃗f = −bvv̂ F⃗f = −cv2v̂ x =

a

2
t2+v0t+x0 v = at+v0

∫
df

dx
dx =

∫
df

ÿ + Aẏ +By = 0 ⇒ y = Ceλt f(x) =
∞∑
n=0

f (n)(a)

n!
(x− a)n

ÿ + ω2
0y = 0 ⇒ y = A sin(ω0t+ ϕ) = α1e

iω0t + α2e
−iω0t ω2

0 =
k

m
ω2
0 =

g

l
µ =

m1m2

m1 +m2

V = −
∫ x

xs

F⃗ (r⃗ ′) · dr⃗ ′ E = K + V Vs =
kx2

2
Vg = mgy VG = −Gm1m2

r
VC =

kq1q2
r

K =
1

2
mv2 =

p2

2m
L = K − V

d

dt

(
∂L

∂q̇

)
− ∂L

∂q
= 0 pq =

∂L

∂q̇
A
∼
C⃗ = −ω2I

∼
C⃗

p⃗ = mv⃗ ℓ⃗ = r⃗×p⃗ ℓ = µr2θ̇ µ =
m1m2

m1 +m2

p⃗i = p⃗f Ki = Kf Veff (r) =
ℓ2

2µr2
+V (r)

α = −ke2Z1Z2 ke2 =
ℏc
137

= 1.44 MeV − fm R⃗cm =
m1r⃗1 +m2r⃗2
m1 +m2

Ecm =
mtgt

mtgt +mproj

Elab

1

r
=

µα

ℓ2
(1 + ϵ cos(θ − θ0)) θ0 = − arccos

(
1

ϵ

)
ϵ =

√
1 +

2Ecmℓ2

µα2
=

1

sin
(
θS
2

) rmin = − α

2Ecm

(1+ϵ)

dσ = 2πbdb dΩ = sin θdθdϕ
dσ

dΩ
=

(
α

4Ecm

)2
1

sin4
(
θs
2

) sinA = cos(A−π/2) rmin =
ℓ2

µα

1

1− ϵ

cosA = − sin(A−π/2) arccos(−x) = π−arccos(x) cos(arcsin(x)) = sin(arccos x) =
√
1− x2

cos(arctan(x)) =
1√

1− x2
tan(arccosx) =

√
1− x2

x
tan(arcsinx) = sin(arctan x) =

x√
1− x2
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More Equations, Conversions, and Constants

Speed of light (c) 3.0× 108 m/s g 9.8 m/s2

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

Coulomb constant (ke) 8.99× 109N−m2

C2 Earth’s mass 5.97× 1024 kg

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

Planck’s constant (h) 6.626× 10−34 J − s Proton/Neutron mass 932× 106 eV/c2

Permittivity constant (ϵ0) 8.85× 10−12 kg2

N−m2 Electron mass 9.11× 10−31 kg

Permeability constant (µ0) 4π × 10−7N/A2 Electron mass 0.55× 106 MeV/c2

1 MeV 106 eV 1.0 eV 1.6× 10−19 J

1 u 931.5 MeV/c2 1 u 1.67× 10−27 kg

Earth-Moon distance 3.84× 108 m Moon’s radius 1.74× 106 m

Earth-Sun distance 1.50× 1011m Moon’s mass 7.36× 1022 kg

∫
dx

x2 − a2
= −1

a
tanh−1

(x
a

) ∫
tanhxdx = ln [cosh x]

∫
cothxdx = ln[sinhx]

d

dx
tanx =

1

cos2 x

∫
1√

x2 + a2
dx = sinh−1 x

a

d

dx
cscx = − cscx cotx

d

dx
secx = secx tanx

d

dx
ln ax =

1

x

d

dx
cotx = − 1

sin2 x
d

dx
sin−1 x =

1√
1− x2

d

dx
cos−1 x =

−1√
1− x2

d

dx
tan−1 x =

1

1 + x2

∫ √
a2 − x2dx =

x
√
a2 − x2

2
+

a2

2
sin−1

(x
a

) ∫ √
x2 − a2dx =

x
√
x2 − a2

2
+

a2

2
ln
[
x+

√
x2 − a2

]
∫

tanh2(x)dx = x− tanhx

∫
tanh3(x)dx = ln [cosh x] +

sech2(x)

2∫ √
tanhxdx = − tan−1

[√
tanhx

]
− 1

2
ln
[
1−

√
tanhx

]
+

1

2
ln
[
1 +

√
tanhx

]
d

dx
tanhx = sech2 x

d

dx
cothx = − csch2 x

d

dx
sinhx = coshx

∫
1√

ar4 + br3 − r2
dr =

r
√
−1 + br + ar2 arctan

(
−2+br

2
√
−1+br+ar2

)
√

r2(−1 + br + ar2)∫
1√

ax2 + bx+ c
dx = − 1√

−a
arcsin

(
2ax+ b√
b2 − 4ac

)
∫

1

ax2 + bx+ c
dx =

2√
4ac− b2

arctan

(
2ax+ b√
4ac− b2

)
x =

−b±
√
b2 − 4ac

2a
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Even More Equations, Conversions, and Constants
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Periodic Chart
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