Announcements 2/9/10 (always posted with class notes)

As announced last Thurs, additional problem 2 from PS 3 is due
Thursday with the self-test. However, if you finished additional
problem 2 already, you can turn it in with your problem set.

Ranking forces problem from last Thurs: covered in lab

PS4 will be due Thursday 2/18, posted online later today, on the
last material before midterm Monday 2/22.

Please don’t hesitate to come to my office hours, come to my
Thursday night problem session or the SA sessions, or make an
appointment to ask questions.

Reading for Thursday:
section 21.6 p. 359- end of second line on p. 360, AND 22.1

We are not going to cover Gauss’s Law (most of Ch. 21). So,
you are not responsible for anything concerned with Gauss’s
Law.

Next Tuesday: 22.2, omitting “Continous charge distributions”
and Ex. 22.6 and 22.7, and 22.3 only up through “Got it?” 22.6

Wolfson passes over potential energy blindingly fast in 22.1; I
am going to spend more time making the connection to potential
energy.



Key ideas from last time

To describe the effect of lots of charges on the space around
them, we introduce the electric field

Any arrangement of charge (“source charges”) fills the space
around it with an electric field.

The field at any location in space tells us the force per charge
that a different charge (the “test” charge, or the charge feeling
the force) would feel if placed at that point:

if E is the field of the sources, ¢ is the charge of the test charge,
and 7 1s the location where we want to know the field or force:

E(F)=F,,,/q and F_ _=qE(F)

Key: once we’ve found E once for a particular arrangement of
charge, we can just use it again; don’t need to keep
recalculating!



Van de Graaff generator

Figure 30.4 shows a schematic diagram of a Van de
Graaff generator — a mechanical device invented in
the 1930’s by Robert J. Van de Graaff to create large
electrostatic charges. The basic principle is extreme-
ly simple: a nonconducting belt delivers charge carri-
ers to a hollow conducting dome that rests on a
nonconducting support.

There are three important steps in the operation of
the generator. The first step involves a transfer of
charge carriers to the belt at A — this transfer can be
done by literally “spraying” charged particles onto
the belt or simply by rubbing the rubber belt against
some appropriate material.

The second step involves a transport of the charge
carriers to the dome. This step is possible because the
belt is nonconducting and so the charge carriers are
not mobile — they are stuck to the belt, which is dri-
ven by a motor around a pulley inside the dome. The
motor must do work on the charge carriers to move
them against the electrostatic field of the dome. (In
the example shown in the diagram, positive charge
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Figure 30.4 Schematic diagram of a Van de Graaff genera-
tor.

carriers at B must be transported upward against the
downward electric field of the positively charged
dome.)

The third step involves transferring the charge car-
riers from the belt onto the dome. As we saw in Sec-
tion 28.5, the electric field inside a hollow conductor
is always zero, and any charge inside a conductor
moves toward the outer surface. So, once the charge
carriers are inside the dome, they tend to move to the
outer surface of the dome. For this purpose a comb of
conducting needles is placed close to the belt at C. If
the charge carriers on the belt are electrons, the elec-
trons hop onto the brush and move via the connect-
ing wire toward the outside of the metal dome causing
the dome to acquire a negative charge. Alternatively,
the charge carriers on the belt can be positively ion-
ized air molecules, in which case electrons in the comb
are attracted toward the ions. These electrons then
jump from the comb onto the belt, neutralizing the
ions on the belt while leaving a positive charge be-
hind on the outside of the dome.

Construction of a huge double Van de Graaff generator for

the MIT physics department in New Bedford, Massachusetts
in 1935.These generators, currently at the Boston Museum of
Science, generated opposite charges and were able to pro-

duce potential differences of 10,000,000 volts between the

two 4.5-m domes.
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Consider the van de Graaff generator to be spherical with radius
10 cm. How does the strength of the field at the surface of the
van de Graaff compare to the strength of the field at point P, 20
cm from the surface?

1. At the surface, the field is four times as strong as at P.
2. At the surface, the field is twice as strong as at P.

3. At the surface, the field is the same strength as at P.
4. At the surface, the field is half as strong as at P.

5. At the surface, the field is one-fourth as strong as at P.
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If the van de Graaff generator dome has lost 1 pmol (1x10™"
mol) of electrons, how strong is the force on an electron in an air

molecule just above the dome’s surface? — vieed Lud E (v=0.10w)
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Consider a short rod carrying a uniformly dis-
tributed negative charge.

Which vector most closely represents the direc-
tion of the electric field at point P? (Due 4o whole rod )

1. Vector 1.
2. Vector 2.

3. Vector 3.

4. Vector 4. amdout
5. Vector 5. oo SToP 2 o1

6. Vector 6. ~

7. The answer depends on the sign of the charge
on the ’test’ particle




Calculating the field of a uniformly negatively charged rod

STEP 1

Identify location (x, y, z) where E is to be found (“field point™)

Break rod into pieces of charge dg that can be treated like point charges
Draw vector for electric field dE(x,y,z) of piece dg
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Identify any symmetries that lead to components of E canceling at the field point
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Write a mathematical expression for dE (x, y,z) using the electric field of a point charge
If appropriate, find component of dE that will contribute to total E _,
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STEP 4: Integrate
Choose variable of integration and identify limits on that variable
Express dg in terms of variable of integration and charge density
Take constants out of integral
Evaluate
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A-8 AppendixA Mathematics

2 Integratxon by parts

u . The quantity [u dv is the area under the curve of  as a function of v between specified
limits. In the figure, that area can also be expressed as the area of the rectangle shown
minus the area under the curve of v_as a function of u. Mathematlcally, tlus relation
among areas may be expressed as a relation among integrals:

J udv = uv — J vdu  (integration by parts)

This expression may often be used to transform complicated integrals into simpler ones.

v Example
Evaluate f xcosx dx. Here let u=x, so du=dx. Then dv=cosx dx, so we have
v=[dv=[cos x dx=sinx. Integrating by parts then gives

J'xcosxdx = (x)(sinx) — Isinxdx = xsinx + cosx

where the + sign arises because f sinx dx= —cosx.

Table of Integrals

More extensive tables are available in many mathematical and scientific handbooks; see,
for example, Handbook of Chemistry and Physics (Chemical Rubber Co.) or Dwight,
Tables of Integrals and Other Mathematical Data (Macmillan). Some math software,
including Mathematica and Maple, can also evaluate integrals symbolically. Wolfram
Research provides Mathematica-based integration at http:/fintegrals.wolfram.com.

In the expressions below, a and b are constants. An arbitrary constant of integration
may be added to the right-hand side.

dx 1 _[x
P dx = Jz—z = —~tan"'( =
x*+a a a
xdx
= Vg - 2
a 2 — 12

sinax
a

cosax dx =

tanax dx = ——ln(cosax)
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fcos axdx =
J

1 1
xsinax dx = —s1nax - Zxcosax
a?

1 1
xcosax dx = —cosax + axsmax
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