
Name________________________________________ 

Physics 121 Quiz #7, March 9, 2018 

Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is 
worth 10 points total. 

I affirm that I have carried out my academic endeavors with full academic honesty. 

_________________________________ 

 A rectangular loop of conducting wire of length  L = 25cm and width
  W = 17cm has a mass  m = 250g and an electrical resistance

  R = 0.018Ω .  The loop is suspended vertically in an   B = 8T
magnetic field oriented perpendicular to the plane of the conducting 
loop.  The magnetic filed exists only above the line labeled AA.  The 
wire loop is released from rest and is allowed to fall vertically 
through the magnetic field.  As it falls it accelerates and ultimately 
reaches a terminal speed  vt , where the terminal speed is the speed 
reached when the net acceleration vanishes. 

1. What is the terminal speed of the wire loop?  

  

FB − FW = may = 0

→ IWB = BWv
R

⎛
⎝⎜

⎞
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WB =
B2W 2vt

R
= mg

vt =
Rmg
B2W 2 =

0.018Ω× 0.25kg × 9.8 m
s2

8T × 0.17m( )2 = 0.024 m
s = 2.4 cm

s

 

 

 

2. Suppose that you have a metal rod forced to move with a 
constant velocity   

!v along two parallel metal rails, connected 
with a strip of metal at one end.  A magnetic field of magnitude 
points

   
!
B = 0.35T out of the page.  The rails are separated by 

  L = 25cm and the speed of the rod is 
   
!v = 55 cm

s .  What is the 
induced potential difference generated across the loop? 

 

  
ε = −N

dφB

dt
=

d BAcosθ( )
dt

= B dA
dt

= BLv = 0.35T × 0.25m× 0.55 m
s = 0.0481V = 48.1mV  
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3. If the rod has a resistance of   R = 18Ω and the rails and connector have negligible resistance, what is 
the magnitude and direction of the current induced in the rod? 

  
I = ε

R
= 0.0481V

18Ω
= 0.00267 A = 2.67mA and by the right-hand rule, the current in the circuit flows 

clockwise to oppose the change in magnetic flux. 

 

 

 

 

 

 

4. What is the magnitude and direction of the electric field induced in the rod? 

   

!
E = − ΔV

Δy
= ε

L
= 0.0481V

0.25m
= 0.193V

m = 193 mV
m and the direction of the electric field is down the 

rod. 

 

 

 

 

 

 

 

 

5. What is the rate at which energy is being transferred to heat in the rod?  

  
P = V 2

R
=

BLv( )2

R
=

0.0481V( )2

18Ω
= 0.000128W = 0.128mW  

 

 

 

 



		

g= 9.8 m
s2

1e =1.6×10−19C

k = 1
4πεo

= 9×109 Nm2
C2

εo =8.85×10−12 C2

Nm2

1eV =1.6×10−19 J
µo = 4π ×10−7 Tm

A

c =3×108 ms
h=6.63×10−34 Js

me = 9.11×10−31kg= 0.511MeV
c2

mp =1.67×10−27kg= 937.1MeV
c2

mn =1.69×10−27kg= 948.3MeV
c2

1amu=1.66×10−27kg= 931.5MeV
c2

NA =6.02×1023

Ax2 +Bx +C =0→ x = −B ± B2 −4AC
2A
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E∫ = dEr̂ = kdq
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EQ = k

Q
r2
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E
"
= 2kqs

r3
; dipole r >> s

!
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r3
; dipole r >> s
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Edisk =

Q
2πε0R2

1− z

R2 + z2
⎡
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!
Edisk ~

Q
2ε0A

1− z
R
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⎦
⎥ z <<R; !

Edisk ~
Q

2ε0A
z <<R

!
Ecapacitor ~

Q
ε0A

; !
E fringe ~

Q
2ε0A

s
R
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W = −qΔV = −ΔU = ΔK ; U =
kQiQj

riji≠ j
∑ ;

VQ =
kQ
r
; VQ's =

kQi
rii

∑
ΔV = −

!
E ⋅d!r∫

Ex = −
ΔV
Δx

; Ey = −
ΔV
Δy

; Ez = −
ΔV
Δz

; !E = − dV
dx
,dV
dy
,dV
dz

Q =
κε0A
s
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U = 1
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2CV
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Q =Qmax 1−e

− t
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; Q =Qmaxe

− t
RC

I = dQ
dt

= n e Avd =
!
J ⋅d
!
A∫

n= ρ
M
NA

!
J = n e !vd =σ

!
E = 1

ρ

!
E→V = IR;R = ρL

A

P = IV = I2R = V
2

R
ρ = ρ0 1+αΔT( )
!
F = q!v ×

!
B; !F = qvBsinθ

!
B =

µo
4π

q!v × r̂
r2
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!
B =

µoI
4π

d
!
l × r̂
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!
Bwire =

µoLI

4πr L
2( )2 + r2

; !
Bwire ≈

µoI
2πr L>> r

!
Bring =

µoIR
2

2 z2 +R2( )32
; !Bring ≈

µoIR
2

2z3 z <<R
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!
F = I

!
L ×
!
B;
!
F = ILBsinθ

1
Req

= 1
Rii

∑
Req = Ri

i
∑

Ceq = Ci
i
∑

1
Ceq

= 1
Cii

∑

φB =
!
B ⋅d
!
A∫

ε = −N
dφB

dt!
A ⋅
!
B =
!
A
!
B cosθ

!
A×
!
B =

!
A
!
B sinθ

!
A×
!
B = Ay Bz − Az By , Az Bx − Ax Bz , Ax By − Ay Bx


