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1. A charge of 170 µC is at the center of a cube of edge 80.0 cm. No other 
charges are nearby. (a) Find the flux through each face of the cube. (b) Find 
the flux through the whole surface of the cube. (c) What If? Would your 
answers to either part (a) or part (b) change if the charge were not at the 
center? Explain. 

 

Solution: 

Ans: The total flux through the surface of the cube is  

    

 (a) By symmetry, the flux through each face of the cube is the same.  

    

    

 (b)  

  
ΦE =

qin

∈0

=
170 × 10−6  C

8.85 × 10−12  C2 / N ⋅m2 = 1.92 × 107  N ⋅m2 / C

  
ΦE( )one face

= 1
6
ΦE = 1

6
qin

∈0

  

ΦE( )one face
= 1

6
170× 10−6  C

8.85× 10−12  C2 /N ⋅m2

⎛
⎝⎜

⎞
⎠⎟

= 3.20× 106  N ⋅m2 /C

  
ΦE =

qin

∈0

=
170 × 10−6  C

8.85 × 10−12  C2 / N ⋅m2

⎛
⎝⎜

⎞
⎠⎟
= 1.92 × 107  N ⋅m2/C
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 (c)  

2. A proton accelerates from rest in a uniform electric field of 640 N/C. At one later 

moment, its speed is 1.20 Mm/s (nonrelativistic because v is much less than the speed 

of light). (a) Find the acceleration of the proton. (b) Over what time interval does the 

proton reach this speed? (c) How far does it move in this time interval? (d) What is 

its kinetic energy at the end of this interval? 

Solution: 

Ans: (a) We obtain the acceleration of the proton from the particle under a net force 

model, with F = qE representing the electric force:  

      

 (b) The particle under constant acceleration model gives us  

from which we obtain 

     

  (c) Again, from the particle under constant acceleration model, 

       

 (d) The final kinetic energy of the proton is 

    

 

 

 

 

The answer to part (a) would change because the charge could
now be at different distances from each face of the cube. The
answer to part (b) would be unchanged because the flux through
the entire closed surface depends only on the total charge inside
the surface.

  
a = F

m
= qE

m =
1.602 × 10–19  C( ) 640 N/C( )

1.67  × 10–27  kg
= 6.14× 1010  m/s2

  v f = vi + at,

  
t =

v f − 0
a = 1.20 × 106  m/s

6.14  × 1010  m/s2 = 19.5 µs

  

Δx = vit +
1
2

at2 = 0+ 1
2

(6.14 × 1010  m/s2 )(19.5 × 10–6  s)2

= 11.7 m

  
K = 1

2
mv2 = 1

2
(1.67 × 10–27  kg)(1.20× 106  m/s)2 = 1.20× 10–15  J


