Phys122
HW 3: Due Tuesday, February 21, 2006

Problems from the Text:
Chapter 15

6, 10, 20, 30, 36, 46

Forces between charges

F F
Two small objects each with a net charge of Q *+— @ @ —
(where Q is a positive number) exert a force of

magnitude F on each other. We replace one of

the objects with another whose net charge is @ .
10 (s0)

(1) The original magnitude of the force on the Q charge was F; what is the magnitude of
the force on the Q now?

(a) 16F (b)4F (c)F (d)F/4 (e) other
(i1). What is the magnitude of the force on the 4Q charge?
(a) 16F (b)4F (c)F (d)F/4 (e) other

(ii1) Next, we move the Q and 4Q charges to be 3 times as far apart as they were. Now
what is the magnitude of the force on the 4Q?

(a) F/9 (b) F/3 (c) 4F/9 (d)4F/3 (e) other

(iv) In the original state (2 charges Q) if the symbol Q were taken to have a negative
value, how would the forces change compared to the original state?

(a) stay  (b) both (c) left one (d) right one  (e) none of
the same would reverse would reverse would reverse the above.



Estimating charge

Two hard rubber spheres of mass ~ 10 g are rubbed

vigorously with fur on a dry day. They are then suspended /
from a rod with two insulating strings. They are observed
to hang at equilibrium as shown in the figure on the right, .
which is drawn approximately to scale. Estimate the .i .
amount of charge that is found on each sphere.

Tutorial Question

In the early days of electrical investigations (about the time of the
American revolution), it was difficult to accumulate significant
quantities of unbalanced electric charges for experiments. A
device to produce an unbalanced charge relatively consistently
was the electrophorus (invented by Volta). A device to measure
fairly small amounts of unbalanced charge was the electroscope
(invented by Nollet). Modern versions of these are shown in the
picture at the right.

A. The electrophorus consists of a plate of insulating material (Teflon or Lucite —

originally it was of wax), and a metal disk attached insnlating handle
to an insulating rod. When the Teflon is rubbed by

a flannel cloth it becomes charged. (You can tell /

by bringing the back of your arm up near it and

feeling the little hairs move.) The metal disk, held L
by the insulating rod, is placed on the plastic plate

and a finger lightly touched to the back. The Teflon plate
finger is then removed and the disk lifted away :

from the plate. The metal disk now has a charge C ::J

which can be easily transferred to other conducting

objects by touching.

On a dry day (!), the charge on the plastic

plate will remain on the plate for a very = — S _|’_
long time. The process of charging the ==
metal disk can be repeated many times Initial surface charge
without “using up” the charge on the on Teflon plate

plastic plate. Explain clearly how the

electrophorus works, being careful to

include in your explanation a clear description of why the charge on the plate is
not used up in the process of charging the metal disk.



B In the figure below are shown schematics of two versions of an electroscope: a historic
version on the left with gold foil leaves, and a more modern one with a pivoting metal
arm on the right. (The more modern version is shown in the photograph above.)

— metal knob

and rod
p \\ insulating —— 7 ™\, , pivotable
/ ™\ stopper ! \ v/ metal arm
/ \ =3 1 (very light)
If |
N
\ "/ gold foil
S~ leaves
(very thin)

(a) The charged metal disk of an electrophorus is touched to the metal knob of the
electroscope and removed. The movable leaves of the electroscope, which hung
straight down when the electroscope was uncharged, now stand apart as shown in the
two figures above. Explain why this happens, tell what sign of charge you think the
electroscope has, and why you think so.

(b) The electroscope is neutralized by touching the knob. Now the charged metal disk of
the electrophorus is brought near to the knob but doesn’t touch it. The leaves
separate. Explain why.

(c) While the disk of the electrophorus is near to the electroscope’s knob (but not
touching) the knob of the electroscope is touched with a finger and then the
electrophorus disk is taken away. The leaves stand out again. Explain why this
happens, tell what sign of charge you think the electroscope has, and why you think
SO.



