
Name________________________________________ 

Physics 121 Quiz #7, March 4, 2016 

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. 

____________________________ 

1.   Suppose that you have the blue box shown below in which there is some electric charge inside.  The 
electric field vectors are shown and 

 
!
Eleft = 3×10

4 N
C , 

 
!
Eright = 1×10

4 N
C , 

 
!
Efront =

!
Eback = 2 ×104 N

C , and 
 
!
Etop =

!
Ebottom = 2 ×104 N

C .  What is the net electric flux through 

the surface of the box?	 

 

 

 

 

 

 

 

 

φE =
!
E ⋅ n̂dA =

!
E dA cosθ

φleft = EleftAcos(180) = −EleftA = −3×104 N
C × (0.01m)

2 = −3Vm

φright = ErightAcos(180) = −ErightA = −1×104 N
C × (0.01m)

2 = −1Vm
φleft = EfrontAcos(90) = 0Vm
φback = EbackAcos(90) = 0Vm
φtop = EtopAcos(180) = −EtopA = −2 ×104 N

C × (0.01m × 0.5m) = −100Vm

φbottom = EbottomAcos(180) = −EbottomA = −2 ×104 N
C × (0.01m × 0.5m) = −100Vm

φtotal =
!
E ⋅ n̂ dA = −3Vm( ) +"∫ −1Vm( ) + 0Vm( ) + 0Vm( ) + −100Vm( ) + −100Vm( ) = −204Vm

 

 

2. What is the magnitude and sign of the net charge enclosed? 
 

 

!
E ⋅ n̂ dA = Qenclosed

ε0
"∫ →Qenclosed = ε0φtotal = 8.85 ×10

−12 C2

Nm2 × −204Vm( ) = −1.81×10−9C . 

 

 

 
!
Etop

 
!
Eleft  

!
Eright

 
!
Efront =

!
Eback

 
!
Ebottom

1cm 

1cm 

50cm 



3. What is the magnitude and direction of the net current enclosed by the grey box?  Assume that 

 
!
Bleft =

!
Bright = 2 ×10

−5T , 
 
!
Btop = 1.5 ×10−5T , and 

 
!
Bbottom = 0.8 ×10−5T . (Hint:  Start at the 

corner marked with the star * and go clockwise around the loop and note the box is not drawn to 
scale.) 

 
 
 
 
 
 
 
 
 
 
 

 

!
B ⋅d
!
l"∫ = µoIenclosed

!
B ⋅d
!
l"∫( )

top
= Btopxcos(0) = Btopx = 1.5 ×10

−5T × (0.04m) = 6 ×10−7Vs
!
B ⋅d
!
l"∫( )

right
= Bright ycos(90) = 0Vs

!
B ⋅d
!
l"∫( )

bottom
= Bbottomxcos(180) = −Bbottomx = −0.8 ×10−5T × (0.04m) = −3.2 ×10−7Vs

!
B ⋅d
!
l"∫( )

left
= Bleft ycos(90) = 0Vs

!
B ⋅d
!
l"∫ =

!
B ⋅d
!
l"∫( )

top
+

!
B ⋅d
!
l"∫( )

right
+

!
B ⋅d
!
l"∫( )

bottom
+

!
B ⋅d
!
l"∫( )

left
= 2.8 ×10−7Vs = µoIenclosed

∴ Ienclosed =
1
µo

!
B ⋅d
!
l"∫ = 2.8 ×10

−7Vs
4π ×10−7 Tm

A

= 0.22A

 

 

4. A square loop of wire lies in the plane of the page with its normal perpendicular to the page and 
pointing out at your face.  A uniform magnetic field points out of the page towards your face through 
the loop of wire at an angle θ measured with respect to the normal to the loop of wire.  The magnetic 
flux through the square loop of wire is 

 
a. zero. 
b.  
!
B ⋅
!
Aloop . 

c. 
 
!
B
!
Aloop cosθ . 

d. 
 
!
B
!
Aloop sinθ . 

e. 
 
!
B
!
Aloop . 

 
 

 
!
Btop

 
!
Bleft  

!
Bright

 
!
Bbottom

*	
y = 4cm 

x = 4cm 



 

!
F = k Q1Q2

r2
r̂ ; r̂ =

!ro −
!rs!ro −
!rs

!
E =
!
F
q

!
EQ = k Q

r2
r̂

!p = q!s =α
!
E

!
E" =

2kqs
r3

; dipole r >> s

!
E⊥ = kqs

r3
; dipole r >> s

!
Erod = 1

4πε0
Q

r r2 + L
2( )2

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
;
!
Erod ~

1
4πε0

2Q
rL

⎛
⎝⎜

⎞
⎠⎟ L >> r

!
Ering = 1

4πε0
Qz

R2 + z2( ) 32
⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

!
Edisk = Q

2πε0R
2 1−

z
R2 + z2

⎡

⎣
⎢

⎤

⎦
⎥;

!
Edisk ~

Q
2ε0A

1− z
R

⎡
⎣⎢

⎤
⎦⎥

z << R;
!
Edisk ~

Q
2ε0A

z << R

!
Ecapacitor ~

Q
ε0A

;
!
Efringe ~

Q
2ε0A

s
R

⎛
⎝⎜

⎞
⎠⎟

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 = ε0A
s

⎛
⎝⎜

⎞
⎠⎟ ΔV

I = ΔQ
Δt

= i e = n e Avd;
!vd = µ

!
E

!
B = µo

4π
q!v × r̂
r2

⎛
⎝⎜

⎞
⎠⎟

d
!
B = µoI

4π
d
!
l × r̂
r2

⎛
⎝⎜

⎞
⎠⎟

!
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

g = 9.8 m
s2 1eV = 1.6 ×10−19 J

1e = 1.6 ×10−19C µo = 4π ×10−7 Tm
A

k = 1
4πεo

= 9 ×109 Nm2

C2 c = 3×108 m
s

εo = 8.85 ×10
−12 C2

Nm2 h = 6.63×10−34 Js

me = 9.11×10
−31kg = 0.511MeV

c2

mp = 1.67 ×10
−27 kg = 937.1MeV

c2

mn = 1.69 ×10
−27 kg = 948.3MeV

c2

1amu = 1.66 ×10−27 kg = 931.5MeV
c2

NA = 6.02 ×10
23

Ax2 + Bx +C = 0→ x = −B ± B2 − 4AC
2A

BEarth,H = 2 ×10−5T

 
φB =

!
B ⋅ n̂dA =

!
B Aloop cosθ  
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Loop Rule:  ΔVi
i
∑ = EiΔli

i
∑ = 0

Node Rule:  Iin∑ = Iout∑

 

V = IR; R = ρL
A

= L
σ A

!
J = I

A
=σ
!
E

Req,series = Ri
i=1

N

∑
1

Req,parallel

= 1
Rii=1

N

∑

P = IV = I 2R = V
2

R

E = 1
2 qV = 1

2CV
2 = q2

2C
Q(t) =Qmax 1− e

− t
RC( ); charge

Q(t) =Qmaxe
− t
RC ; discharge

I(t) = Imaxe
− t
RC

Ceq,parallel = Ci
i=1

N

∑
1

Ceq,series

= 1
Cii=1

N

∑



	

	

	

 

!
F = q!v ×

!
B

d
!
F = Id

!
l ×
!
B

!
Fnet =

!
F⊥ +

!
F" = p dp̂

dt
+ p̂ dp

dt
;
!
F⊥ = pv

r!
FLorentz = q

!
E + q!v ×

!
B

ω = v
r
= dθ
dt
; ω = qB

γ m

γ = 1

1− v
2

c2

K = γ −1( )mc2
!p = γ m!v
!
E ⋅ n̂ dA#∫ = Qenclosed

ε0
!
B ⋅ n̂ dA#∫ = 0
!
B ⋅d
!
l#∫ = µ0Ienclosed

	


