Name: Section:

Tuesday, September 22

Quiz 4A

Consider a block made of a conducting material that has a f \
cavity inside of it. A charge —Q is inside the cavity, and

the block (shaded area) has a net charge of —Q. L

S’
a. What is the total charge on the outer surface of
the block? Justify your answer.
E = O inside the block. Thus, the Aux through S’ is zero. k /

But this means that the charge inclosed by S’ is zero:
-Q+ Opper =0 = Qinper = Q.
But since the total charge in the block is -Q
Qouter + Qipper =-Q = Qouter = -Q = Qipper = -20

b. Now, another charge Q is brought near P b b b bl bt Ll
the block from outside far away. Whatis  / \
the total charge on the outer surface of !
the block? Justify your answer. ! e~ 0
[}
1
1t5 still -2Q, becguse nothing changes in the |
reasoning above. The only thing that will E @)
1

change is the distribution of the charge
throughout the surface. AN

_______________________________

c. Find the total electric flux through the closed surface S (which encloses the block
and the point charge Q).

Using Gauss’s law,
—0-0+a_ Q@

D= qenclosed by s

o o 2

— - ———
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Tuesday, September 22
Quiz 4B

A positive charge +Q is inside a cubic box made of ~ __---"77=--o_
conducting material. The box has a net charge +Q.

a. What is the total charge on the outer
surface of the conducting cube?

E = O inside the walls of the cube. Thus, the
flux through g Gaussian surface that is inside
these walls is zero. But this means that the
charge inclosed by it is zero:

Q+Opper =0 = Oiner = Q.

But since the total charge in the block is +Q
Oouter +* Oipper = Q= Oouter = Q = Oipper = 2Q

b. What is the total electric flux through a closed surface S enclosing the cube?

Using Gauss’s law,

D = qenc[osed by s _ +O+Q _ 20

€o €o o

c. Now the cube is grounded. What is the total charge on the outer surface of the
conducting cube?

Ifthe cube is grounded, all the charge on the outer surface flows to the ground. so
Qoyter = O.
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Quiz 4C

Consider a very large non-conducting sheet with uniform surface charge
density o. There is a cube to the right of the sheet with two opposing surfaces

parallel to the charged sheet as shown in figure 1. The edge length of the cube
is a.

a. Find the flux through the shaded surface (side parallel to the sheet and
far from the sheet).

o

The electric field produced by 3 large uniformly charged sheet s £ =—>—
go

directed perpendicularly to the sheet Figure 1

Thus, the fux is ® = F3° =2 32

2¢,

b. Now, another uniformly charged non-conducting sheet )
with surface charge density 2o is placed to the right of the @ 2
cube, parallel to the first sheet (figure 2). What is now the
flux through the shaded surface?

S
The net electric field is the superposition of the electric fields § ,
produced by both sheets, so W

F_ O _ 20 __o
2e, 2¢&, 2¢e,

The minus sign indicated that the electric field points toward the

first sheet. Because this 3 closed surface, we should toke the ares

vector pointing outward, which in this case means opposite to the

electric field. Thus, the Aux is ® = F3” = —2i 3’
gO

Figure 2

c. With the situation described in part b, what is the total flux through the whole
cube that is between these two charged sheets?

There is no charge enclosed by the cube, so the net flux must be zero.
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Quiz 4D
There is a uniform electric field of magnitude E, in the positive X direction.

a. What is the electric flux through a circular surface of radius R whose normal
direction is parallel to the electric field?

Since the electric field and the area vector are parallel, the flux is simply
O =F,A=E R’

b. Now consider a spherical shell of radius R

v

whose center is at the origin. The shell is
then cut in two by a blade that runs along

the yz plane. The left hemisphere is
removed. What is the net electric flux

v

v

through the right hemisphere? (see figure)

v

The effective areq (projection of this are3 into
the direction perpendicular to the electric field)

v

5 wRZ, so ® =E, A=E R> 39ain.

You can also think in terms of number of lines:
every electric field line that goes through the
hemispherical surface also goes through the “base” circle.

c. A charge +Q is placed at the origin. What is the net electric flux through the
hemisphere described in part b?

Now we have the electric flux due to the the uniform electric field from part b plus
the electric flux produced by the new charge. If we had a whole sphere, the flux

through it would be ® = © pecause of Gauss's law. When we remove halfof the
gO

sphere, the flux is also half. Thus, the total Aux is ® = E xR’ +2£ ,
80

v

Eo



