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I. [30 Points] Two charges, 5uC and -5uC, are /3’3-
placed at -9cm and +9cm along the x-axis, as v/
shown to the right. A third 2uC charge is fixed 12cmygeTest Charge
at the origin. A test charge is placed at +12 cm /INF0-duc
along the y-axis, with a value of 0.5uC. There /
is no gravity or friction in this problem. At Quadrant I~ Quadrant |
time t=0, the test charge is released. A8 \
1. The direction acceleration of the test —?cm 2uc \9¥cm
charge will be: 5uc | BuC X

A. In the +x direction. x
B. In the —x direction. X
C. In the +y direction. X
Between the +x and +y direction (quadrant I).
E. Between the —x and +y direction (quadrant II).

As time marches on, the magnitude of the force felt by the test charge dug to the J 5{” L\,'[Yn\/\-
three charges will Cem c )
A. Increase. 4 'ﬂ "{, ‘F/Y'—H“’r M ?
Decrease.” 11 W g¢

. Stay the same.
D. Not enough information to tell.

Calculate the magnitude and direction of the force on the test charge due to the -£
2 uC charge only at t=0. AL SX00° € a0

A 624x 10°N, -ydirection ¥ “47%o "3 - 3 Fgmio 1 = T
0.6244 N, +y direction

C. 1.56 N, +y direction é&‘ll‘ N
D. 1.56 N, 45 degree angle with the x axis l)ve s 0
E. None of the above Cs r‘e,PU : ’ W

Calculate the x component of the force, Fx, due to the +9uC and -9uC charges

only at t=0. F!N’”F,

A. -16N ( s,ab)
5 ¢ - .
B, ON F: &%, (‘”' e 6:99N
0.6 N A

: ol 9 _ Squ — fimes
ﬁ@iég Fx= Fosb = F - ﬁ?‘? “Fis T +wo!

5.

5. Calculate the y component of the force, Fy, due to the +9uC and -9uC charges
only at t=0.

Sy el
. 0.6 N

D. 1.2N
E. 1.6N
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6. Where can you move the test charge to such that it experiences zero electric
force?

A. On the y-axis, between zero and +12cm
On the x-axis, between zero and +9cm
On the x-axis, between zero and -9cm
D. In quadrant I (see figure label)
E. Not enough information or none of the above
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II. [25 Points] Consider the coaxial setup show to
the right. The middle is a plastic rod with a
charge per unit length of Ajy=5uC/m. The
outer shield is a conductor with a charge per
unit length of Aou=-2pnC/m. The coaxial
plastic wire is infinitely long.

7.hTo calculate the electric field E(r) using
Gauss’ law, what Gaussian surface would
you use?
A. A Sphere, centered at the origin, or
radius r.
B. A pill-box (a brick shaped box) centered at the origin with long dimension
L, and short dimension r.
C. A pill-box centered at the origin with long di br?ensmz nﬁmte and short
dimensionr. L/ Ke Same > 1¢y
A cylinder centered at the origln (in/out of the page) of length L, radius .
E. A cylinder centered at the origin (in/out of the page) of infinite length,

" radius r. abs valve non-
8. What can you say about the magmmde of the charge per umt lefgﬁ the surface
of the inner plastic rod (rj;)? — Uv!” be very /tjj 18 a o/
A. Tt is greater than the magnitude of the charge per unit length contained in
the vertical cylinder r<r;,/2. No/
B. Itis greater than the }x:e.al.gmtudeﬁf the charge per unit leﬁfth on the outer

surface (1) ﬂa-— ou +; mCm
‘—9 @ It is less than the charge per unit length on the inner surface of the shell

(ra)-  Yes- 1 has |~)m o it
It is less than the magnitude of the charge inside the conducting shell (the

charge contained between r, and ry).
S E. None of the above.

9. What is the charge per unit length on the inner surface of the outer maal shield (at
r=r,)? .
5 s wCm.  E=O myide conduetor —so -
B. -2 uC/m.
C. 0.0 uC/m.
D. 2 pC/m.
E. 5 pC/m.

For each of the following questions, i, = lem, r,=2cm, and 1p=2. 5cm /}\

10. What is the magnitude E field at =3cm? 6 % aw C £ Jﬂ Qgﬂc,
A. 0.0N/C

1.8 x 10°N/C
" 4.2x 10°N/C &Eftbq qu”‘rL
D. 1.6 x 10’ N/C
E. 6.0x 10’ N/C 5 E=

4)5 3em, A= c\‘“* 1°'+

. 3x07°C J ) ©N/e
g= 2870 = — = (.79 %
ax(285x)10" @ 4—0‘3) /

.
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11. What is the magnitude E field at r=2.25¢m?

3:2 1:/1%6 N/C Ing)};lc 'Mo aoncﬂuaéf‘./

C. 4.0x 10°N/C
D. 1.1 x 10* N/C
E. 1.8x10*N/C

12. What is the magnitude E field at r=1.5¢m?
A. ON/C

B. 3.6x 10°N/C e A ,
(© 6.0 x 10°N/C AT A

D. 1.4x 10’ N/C
E. 4.0x 108 N/C 5x10” b |
E =

aﬁ(g,gsxw‘”j ©.019)

-4 5.‘?‘DOOQ Ne
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III. [Points] An infinite plastic sheet of thickness t
1s shown to the right. It has charge evenly
distributed throughout its volume; the charge

Total
Phys 122A

-

(as3meP7Y)

en51ty is p (C/m?).
IS

Calculate the electric field at distance y
above the upper surface of the sheet.
Please make sure to clearly box your
answer. Is the electric field below the

lower surface the same? Exp]r:rr '&
Use G35 | law o calewlate s -
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2. The same infinite plastic sheet is now Eo ,wL aft
placed in a room with a uniform electric T T a bex 070
field Eo, pointing in the positive y _ Jt L ATT) i S E (;-{»,)
direction (as shown). The sheet has a EZ%/J%Z%%%F) %%%7 ze
mass density  (kg/m’). Gravity points T Il IT |
down (-y direction). Calculate the value |9
of E in terms of values given such that

the total force on the plastic sheet is zero
(i.e. it floats!).
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V. [20 points]
A

15. [4 pts] In the two cases shown, draw an arrow to | Casel
indicate the direction of the net electrical force on
the point charge labeled +Q,. Explain. +Qo

In both cases | can draw the force vector for each ?
charge separately, and the net electrical force is the
vector sum of the two.

16. [4 pts] State whether the magnitude of the net force on +Q +Q
the point charge labeled +Q, in case 1 is greater than,
less than, or equal to the magnitude of the net force on
the charge labeled +Q, in case 2. Explain.

The net force in case 1 is less than the net force in case Case 2
two. In case 1, the horizontal components of the two

forces cancel, and in case 2 the vertical components of +Qo

the forces cancel. Since, in both cases, the horizontal ?

components of the forces are larger, this means that the h

sum of the horizontal components in case 2 is larger

than the sum of the vertical components in case 1. o<—2h—>*<—2h—>o
—-Q +Q

B. An€lectric field line diagram of the electric field in a certain region of space is shown below at right.

17. [6pts] On the diagram, draw an arrow to
indicate the direction of the electrical force that
would be exerted on asmall positive test
charge at points A, B, and C. If the electrical
forceis zero at any point, state so explicitly.
Explain.

The electric force vector on a positive test
charge will be tangent to the field line at that
point, or the line that would go through that
point, and will be pointed in the direction of the
arrow on that field line.

18. [6pts] Compare the magnitudes of the
electrical force on the small positive test
charge at the following pairs of points:

i. PointsAandB. Explain.
The force at A will be greater than the force at
B, because the electric field, given by the ratio
of the force on a test charge to the size of the
test charge, is larger at A than B as seen by the
field lines being closer together. So for a given
charge, it must experience more force at A than
at B.

ii. PointsAandC. Explain.
At point C Thefield lines ook even closer together, indicating an even larger electric field, so the
electric force experienced by the test charge must be larger at C than at A.
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