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PHYS 1211, Fall 2012 
Test #4, version 1 
November 27, 2012 
2:00 pm– 3:15 pm 

 
  
Name ___________________  

ID   ___________________ 

 

 

 

NOTE:  This test consists of one set of conceptual question and three problems.  
In working the problems, you must show all of the algebra and calculations 
and your reasoning clearly to receive credit. Be sure to include units in your 
solutions when required. 

 
 
1.  Conceptual questions (10 points, no calculations required).  State whether the 

following statements are True or False.  
  
 

A. For a solid uniform sphere and a thin hoop, each of mass M and radius R and 
rotating about their respective centers of mass, the moment of inertia of the hoop 
is larger than that of the sphere. 

 
 
 

B. For a disk rotating counter-clockwise in the x-y plan through an axis about its 
center of mass, the direction of the angular momentum vector is in the positive z 
direction 

 
 
 
 

C. For a mass-spring system oscillating about its equilibrium point at x=0, the 
magnitude of the force acting on the mass is greatest at the turning points. 

 

1. __________ 
2. __________ 
3. __________ 
4.   __________ 
 
Total ________ 
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2. a) Use the integral relation to derive  the moment of inertia of a uniform rod of length 
L and mass M rotating about one end of the rod. b) If the rod has a mass of 2.0 kg and a 
length of 2.0 meters, what is its angular momentum vector if it rotates counter-clockwise 
about one end with an angular speed of 15 rpm? (30 points) 
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3. The position of a 50 g oscillating mass attached to a spring is given by 

€ 

x(t) = (2.0 cm)cos(10t −π /4)  where t is in s. Determine:  a) the period of oscillation, b) 
the phase constant, c) the initial conditions (x and v at t=0), and d) the maximum speed. 
(30 points) 
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4.  a) How long does it take light to travel through a 3.0-mm thick piece of window 
glass? b) Through what thickness of water could light travel in the same amount of time? 
c) What is the wavelength of light in parts a) and b)? d) If a sound wave of frequency 500 
Hz traveled through the window glass and water, what would be its wavelengths in each 
material? Take the index of refraction for water and glass to be 1.33 and 1.5, respectively. 
The speed of sound in water and glass are 1480 m/s and 3960 m/s, respectively. Take the 
speed of light in a vacuum to be 3.0x108 m/s. (30 points) 
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ρ = M/V
vxf = vxi + ax t f − ti( ) vyf = vyi + ay t f − ti( )
x f = xi + 1

2 vxi + vxf( ) t f − ti( ) y f = yi + 1
2 vyi + vyf( ) t f − ti( )

x f = xi + vxi t f − ti( ) + 1
2 ax t f − ti( )

2
y f = yi + vyi t f − ti( ) + 1

2 ay t f − ti( )
2

vxf
2 = vxi

2 + 2ax x f − xi( ) vyf
2 = vyi

2 + 2ay y f − yi( )

cosθ = x
h sinθ = y

h tanθ = y
x h = x 2 + y 2

Δx = x f − xi vx,avg =
x f − xi
t f − ti

aavg =
v f − vi
t f − ti

vx = lim
Δt→0

Δx
Δt

=
dx
dt

ax = lim
Δt→0

Δvx
Δt

=
dvx
dt

az2 + bz + c = 0 z =
−b ± b2 − 4ac

2a

  

€ 

Σ
 
F = m a FG =

Gm1m2

r2 = mg
fS

max = µSn fk = µkn
ar = v2 /r T = 2πr /v = 2πr 3

2 / GM

s = rθ ωavg =
θ f −θi

t f − ti

ω = lim
Δt→0

Δθ
Δt

=
dθ
dt

αavg =
ω f −ω i

t f − ti

α = lim
Δt→0

Δω
Δt

=
dω
dt

T =
2π
ω

vt = rω at = rα  
ʹ′ v =
 v −  v o

 
ʹ′ r =
 r −  v ot

θ f = θi + 1
2 ω i +ω f( ) t f − ti( )

θ f = θi +ω i t f − ti( ) + 1
2α t f − ti( )

2

ω f =ω i +α t f − ti( )
ω f

2 =ω i
2 + 2α θ f −θi( )

g = 9.80 m/s2 = 32.2 ft/s2 G = 6.67x10−11 Nm2/kg2

kb =1.38x10−23  J/K

Equations
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 p = m v 
 
J =
 
F avgΔt

 
J =

 
F dt

ti

t f∫ =
 p f −

 p i

xcm =
mixi∑
mi∑

 v cm =
mi
 v i∑

mi∑
 
F ext =∑ d p 

dt

K = 1
2 mv2 W = F cosφ s = K f −Ki

W =
 
F ⋅ d s = −ΔU

 
A ⋅
 
B = AxBx + AyBy + AzBz = ABcosφ

si

s f

∫

Ug = mgy E = K +U Fs = −kx Fx = −
dU
dx

Pavg = W /Δt P = dW /dt WNC = E f − Ei

Us = 1
2 kx 2 P =

 
F ⋅  v τ = rF sinφ τ∑ = Iα

I = miri
2 = r2dm∫∑ I = ICM + MD2

λ = M /L xcm =
1
M

xdm∫
KR = 1

2 Iω 2 L = Iω WR = τθ

 
τ =
 r ×
 
F 

 
L =  r ×  p 

 
τ =

d
 
L 

dt∑
 For 

 
C =
 
A ×
 
B C = ABsinφ

 
A ×
 
B =

AyBz − AzBy( ) ˆ i − AxBz − AzBx( ) ˆ j + AxBy − AyBx( ) ˆ k 

Moments of inertia about axes through the center of mass :
Irod = 1

12 ML2 Ihollow sphere = 2
3 MR2 Isolid sphere = 2

5 MR2

x = Acos ωt + φ0( )       ω = 2πf            f = 1
T                

 v = −Aω sin ωt + φ0( )         a = −Aω 2 cos ωt + φ0( )
d2x
dt 2  +ω 2x = 0              ω = k

m           ω = g
L            

T =
2π
ω

 = 2π I/MgL Ug = −
Gm1m2

r
v = λT      

v = γkBT/m y(x,t) = Asin kx ±ωt + φ0( )
k = 2π /λ  n = c/v 


