Physics 222, Spring 2009 Name: kﬁ L//
Quiz 2, Form: Date:

Instructions
You must sketch correct pictures and vectors, you must show all caleulations, and you must explain all
answers for full credit. Neatness and organization is required. Points will be taken off for sloppy work.

Fundamental Concepts
Equations you should know:

1. Coulomb's law
2. Electric field of a point charge

3. Relationship between electric field and electric {orce
Other fundamental concepts: Conservation of Charge; the Superposition Principle
Derived Results

dipole moment p=gs

- 1 ? 20g?
Force on a neutral atom [F| = 5
ATeg T

induced dipole moment of a neutral atom = af

— 1
|E|dipole =1 lais along perpendicular bisector if r >> s

TEg T

along axis of dipole if r >> 5

= 1 2lgfs
|Eldipole: dmeg ™0

|E| = d'fiEn ('r(rz " (Icgl/g)z)l/g) along L bisector of the rod

= 1
|~

dmeg

(M) along L bisector of the rod if L >> r
r

_ 1 |Q)=
dmey (R? + 22)3/2

|E|

along the axis of a ring

= _ |Q/A z . . R
LE| = g 1 (AT 2072 along the axis of a disc, A = 7R

|E| o 1Q1/4 (

5 1- i) along the axis of a disc, z << R
€0

R

= A
18~ 9L

along the axis of a disc, extremely close to the disc



inside a capacitor, near the axis of the plates
€0

_o Ayss . . :
{E] fringe = L%-lg/[-]— (E) outside a capacitor, near the axis of the plates

|E] = 0 inside a spherical shell

lr—— outside a spherical shell
TEQ

~ 1
LE| = -lglr inside a spherical volume of uniform charge
4'JTF.0 R3 .
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Section 1.- Multiple Choice

A 20-cm long thin rod has a uniform charge of
1 pC as shown below. _
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We want to calculate the electric field at point P
numerically by breaking the reod into a total of 10
pieces {IV = 10} of equal length.

1. What is the charge of each piece?
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2. What is the length of each piece

4. Which of the equations below can be used to
calculate the y-position of any piece n? (Note:
L is the length of the rod and dL is the length

of a piece.
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5. Which arrow points in the direction of ¥ for eal-
culating the electric field at point P due to piece

() 02m dL - -—L—i}
(b) 20m 2 Bt
ID e i
0.02 m a #37
{d) 2m o ZewtE & 02 e 8
{e) 0.002m

3. Sketch the 10 pieces of the rod on the picture
above. Label the pieces starting with plece #1
at the top of the rod and piece #10 at the bot-
tom of the rod. Let’s call the piece number n.
What is the y-position of piece 43 (n = 3)7

(a)) ¥=0.05m
(b) y=006m
(c} y=004m
{(d) y=003m
{e) =01m
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6. A metal sphere has a uniform positive charge
as shown below.

metal, +Q;

What is the direction of the electric field at
point B due to charge on the surface of the

sphere? (Note! use the direction arrows.)
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(a) 3
(b) 7
(c) 1
(d) 5
(€)) 9, because |Ene|=0

. Suppose that the metal sphere in the previous
question is brought near to a uniformly nega-
tively charged disc as shown below.

plastic disc, radius metal, +Q»

R, and charge Q,

-Q,

Ny

What is the direction of the net electric field at
point A, if point A is along the axis of the disc?

(a) 8
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8. For the previcus question, what is the direction
of the electric feld due to the charge on the
surface of the sphere, at point A?

(a) 7
(b) 9, because | £y gy |=0
(c) 2
3
{e} 4

9. Now, suppose that you repeat the experiment
with the uniformly charged sphere and disc, ex-
cept this time you use a plastic sphere. Orig-
inally, the plastic sphere has a uniformly dis-
tributed positive charge on its surface. You
bring it near to a unifermly negatively charged
disc, as shown below.

plastic, +Q»

" plastic disc, radius
R;: and charge Q,

-Q,

What is the direction of the net electric field at
. —
point A?
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of the electric field due to the charge on the

surface of the sphere, at point A?
(a) 3
(k) 7
@ 9, because |E‘n,ﬂ|=0
(d) 2
(e) 4



A capacitor has plates (i.e. thin discs) of charge

+0.1uC. A side view is shown below. The radius of

each plate is 50 cm and they are separated by a dis-
tance b mm. Points A, B, C, and D are all very close
to the plates, relative to the size of the plates.
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11. What is the direction of the electric field at
point A?

(a)
(b)
(c)

{e)
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12. What is the direction of the eleciric field at

point D
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13. Rank the electric fields at points A, B, C, and D

14.

15

16.

in order from least magnitude to greatest mag-
nifude.

(a) |Ep|=|Ec|=|Ep|=|Eal

|Ep| = |Ec] < |Ep| = [Eal
(¢)  |Epi=|Hc| <|Eal <|Es|
(d)  |Ep| = |Ec| <|Ep| < |Eal
(&) 1Ep|=I|Ec|=|Ep| = |Eal

What is the magnitude of the electric feld at

location A7 Q /A
(a) 7190 N/C E@f e
(b) 719N/C _ N
(e) 144 N/C = [ E_
14400 N/C
{e) zero

H the separation of the discs of the capacitor is
doubled, what happens to the magnitude of the
electric field at points inside the capacitor? (As-
sume that even after doubling, the plate sepa-
ration is still very small compared to the radius
of the discs.)

(a)

It changes by a factor of 2.
(b} It changes by a factor of 4.
(c)

(d) It changes by a factor of 1/4.

(D

If you double the charge on the capacitor’s discs
(called plates), what happens to the magnitude
of the electric field at points inside the capaci-
tor?

It changes by a factor of 1/2.

It stays the same.

It changes by a factor of 2.
It changes by a factor of 4.
¢) It changes by a factor of 1/2.
It changes by a factor of 1/4.

e} It stays the same.



Section 2. Sketching charge distributions

For each situation described, sketch the charge distribution. Write the letter of the picture below most
closely matches your sketch.
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17. A neutral plastic sphere is in a region of urui'orrn electric field in the ~x direction. Sketch the charge

distribution of the sphere. @‘c-“"r B ?e_\. /am zelt ‘}’l&
i { Ve iden [ ahey

18. A neutral metal sphere is in a region of uniform electric field in the —z direction. Sketch the charge

distribudti the sphere. of éﬁf {de.‘ oy 5’/)' W v orre el e (;vc.{._tﬁ_r e
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19. A positivel

1vely charged metal sphere is hanging from an insulating thread. You bring a negatwelj,/ tharged
plastic rod toward the right side of the sphere, as shown below. Sketch the charge distribution of the
sphere.




Section 3. Problem Solving

20. A solid disc has a uniform surface charge @ and radius R. Derive an expression for the electric field at
a point P on the axis of the disc. The steps below will help guide you through the derivation,

>, £
{a) Sketch a thin ring of the disc with charge dg, radius », and width dr, and sketch dE , the electric

field at point P due to that ring.

{b) Write an equation for dE;  ing, the z-component of the electric field due to the thin ring, at point
P. Be sure to use the radius of the ring r {(not R which is the radius of the disc).

{c) Write the charge of the ring dg in terms of dr and substitute into dB. (Nete that if you cut the

ring and straighten it out, its area is that of a rectangle, with length equal to the ring’s circumference
and width equal to dr.)

{d) Integrate (i.e. sum the contributions to the net electric field by all rings fromr = 0 to r = R)
Express your final answer as a vector.
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A thin rod of length L has a uniform charge . Derive an e:;:pression for the electric field at point P on the
axis of the rod that is at a distance d from the center of the rod. The questions below will help you organize
your solution to the problem.
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21. {a) Define your coordinate system, sketch a piece of the rod of charge dg, and sketch dE, the electric
field at point P due to that piece. Sketch position vectors for the piece and point P, and sketch the
vector 7. Label everything correctly.

(b) Write an equation for d, the electric field due to the piece of the rod at point P. Substitute 7.
(c) Write the charge of the piece dg in terms of its length dx and substitute into dE.
(d) Integrate (i.e. sum the contributions to the net electric field by all pieces of the rod.) Express your
final answer as a vector.
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22, A ring of radius 20 cm and uniform charge ~10 nC, and a dipole of magnitude charge 1 uC and
separation 0.01 mm, are configured as shown below.

What is the net electric field at point P which is 10 cm from the center of the ring and 10 cm from the
center of the dipole? (Note: remember to give your answer as a vector and remember to check your
answer with a sketch of what you expect for the direction of the net electric field.)
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23. A thin hollow spherical glass shell of radius 0.17 m carries a uniformly distributed positive charge
6x107° C as shown below. To the right of it is a horizontal permanent dipole with charges 3 x 10~
Cand —3x 107" C separated by a distance 2 x 107 m (the dipole is shown greatly enlarged for
clarity}. The dipole is fixed in position and is not free to rotate. The distance from the center of the
glass shell to the center of the dipole is 0.6 m.
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(b) If the sphere were a solid metal ball with a charge 6 x 107 C, what would be the electric field
due to the surface charge on the bali?
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Section 4. LAB

24. A charged plastic rod has a uniform negative charge of —5 pC and a length 0.2 m. Point A is a point
in space that is 0.05 m from the end of the rod at the location shown below. Numerically calculate the
electric field at point A by breaking the rod into four equal length pieces and treating each piece as a

oint, particle. . —
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