
Name________________________________________ 

Physics 121 Quiz #6, February 19, 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.   A 24V battery is connected to some resistors as shown below.  What is the value of the unknown 
resistor, labeled R3 if a current of I = 0.2A is to be produced by the 
battery?   Let R1 = 50Ω and R2 = 100Ω . 

Resistors R1 and R2 are in parallel so the equivalent resistance of this 

combination is R12 =
1
R1

+ 1
R2

⎛
⎝⎜

⎞
⎠⎟

−1

= 3
100Ω

⎛
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⎞
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= 33.3Ω .  Then resistors 

R12 and R3 are in series and the equivalent resistance is 
Req = R12 + R3 = 33.3Ω + R3 .  Applying Ohm’s law we can determine the 
unknown resistance .  We find that
V = IReq → 24V = 0.2A 33.3Ω + R3( )⇒ R3 = 86.7Ω . 

Now suppose that resistor R3 is wired to an air-filled parallel-plate capacitor. The capacitor has a length of 
L = 60cm  and a width of W = 75cm and the plates are separated by s = 0.5mm .  The capacitor is 
connected to a battery V = 24V , a resistor R3  and a switchS .  At time t = 0  the switch is closed and 
the capacitor begins to charge.  

2. What is the capacitance of the capacitor and what is the maximum charge that can be placed on the 
capacitor? 

C = ε0A
d

=
8.85 ×10−12 C2

Nm2 × 0.6m × 0.75m( )
0.5 ×10−3m

= 7.97 ×10−9F

Qmax = CVmax = 7.97 ×10
−9F × 24V = 1.91×10−7C

 3.  At what time t > 0 is the potential across the capacitor equal to that across the resistor? 

Method 1:  
VC t( ) =VR t( )→Vmax 1− e

− t
RC( ) =Vmaxe− t

RC → t = −RC ln 1
2

⎛
⎝⎜

⎞
⎠⎟

t = − 86.7Ω× 7.97 ×10−9F( )ln 1
2( ) = 4.79 ×10−7 s = 0.48µs

 

Method 2:  VR t( ) = Vmax
2

=Vmaxe
− t
RC → t = −RC ln 1

2
⎛
⎝⎜

⎞
⎠⎟ = 0.48µs  

Method 3:  VC t( ) = Vmax
2

=Vmax 1− e
− t
RC( )→ t = −RC ln 1

2
⎛
⎝⎜

⎞
⎠⎟ = 0.48µs  

R1 R2 

R3 



4. How much energy has been stored in the capacitor after one time constant? 
 

E t( ) = 1
2CV

2 t( ) = 1
2C Vmax 1− e

− t
RC( )( )2 = 1

2CVmax
2 1− e−

t
RC( )2

E t = RC( ) = 1
2 × 7.97 ×10

−9F × 24V( )2 1− e− RC
RC( )2 = 1− e−1( )2 5.5 ×10−5 J

E(t = RC) = 0.632 × 2.295 ×10−6 J = 1.45 ×10−6 J = 1.45µJ  

 

 

 
5. The table below gives four sets of values for different resistor-capacitor circuits.  Assume that at 

time t = 0 all capacitors are fully charged.  Which circuit would take the least amount of time for 
the potential to decrease to one-half of its initial amount? 
 
a. Circuit #1 
b. Circuit #2 
c. Circuit #3 
d. Circuit #4 
e. There is not enough information available to answer the question. 

 
Circuit # 1 2 3 4 

V (V )  12 12 10 10 

R(Ω)  2 3 10 5 

C(µF)  3 2 0.5 2 

τ = RC(×10−6 s)  6 6 5 10 
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Bwire =

µoLI

4πr L
2( )2 + r2
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!
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
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Loop Rule:  ΔVi
i
∑ = EiΔli

i
∑ = 0

Node Rule:  Iin∑ = Iout∑

 

V = IR; R = L
A
= ρL
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( )

I(t) = Imaxe
− t
RC


