
Name________________________________________ 

Physics 121 Quiz #4, February 5, 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. 

____________________________ 

A small cylindrical piece of gold wire ( L = 0.1m; r = 0.5mm ) carries an unknown conventional current
I flowing to the left.  The wire lies along the x-axis with its center at the origin.   (Some pertinent data for 

gold: mAu = 0.197
kg
mol , ρAu = 1.93×10

4 kg
m3 , and µ = 8.5 ×10−3

m
s

N
C

) 

a. What is the number density for electrons in gold? 

 

n = 1 e−
atom × 6.02 ×10

23 atoms
mol × 1mol

0.197kg ×1.93×10
4 kg
m3 = 5.9 ×10

28 e−

m3  

 

 

 

 

 

 

b. Suppose that a potential difference of ΔV = 9.0 ×10−4V existed across the wire, what magnitude 
of current would flow in the piece of wire? 

 

I = n e Avd = 5.9 ×10
28m−3 ×1.6 ×10−19C ×π 0.5 ×10−3m( )× 7.65 ×10−5 m

s

I = 0.567A
 

where the drift velocity of electrons in gold is determined by 

vd = µE = µ ΔV
Δx

= 8.5 ×10−3 m
s

N
C
× 9.0 ×10−4V

0.1m
⎛
⎝⎜

⎞
⎠⎟
= 7.65 ×10−5 m

s  

 

 

 



 

c. What is the magnitude of the magnetic field at a point 0,0.1,0 m ? 

 

 

!
Bwire =

µoLI

4πr L
2( )2 + r2

= 1×10
−7 Tm

A × 0.1m × 0.567A

0.1m 0.1m
2

⎛
⎝⎜

⎞
⎠⎟
2

+ 0.1m( )2
= 1.11×10−4T  

 

 

 

 

 

 

 

 

 

 

 

 

 

d. Suppose that a compass was placed above the wire at the point 0,0.1,0 m  and further suppose 
that the current in the wire was flowing in the northerly direction (that is the negative x-axis 
points north).  The magnetic field due to the wire produces a deflection of the compass needle 
that points  
1. north. 
2. south. 
3. east. 
4. west. 

 

 

 

 



 

!
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
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