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Exam 1, Physics 208 6/18/04 Name: K‘@;f — % L s‘“ﬁ"}‘é

Dr.Saslow, Summer 2000 Section:

Don’t waste time on questions you aren’t sure of. Be clear and concise.

A cluttered response, some of which is correct and some of which is incorrect,
will not get full credit.

1. (7 pts) A non-conducting rod lies on the z-axis from (0,0,0) to (0,0, 2a), where a is a

. constant. It has charge per unit length A = 8cez3, where o is a constant. What units-

must ¢ and o have? In terms of o and a, find the total charge Q on the rod, and the

average charge per unit length A.
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2. (7 pts) Conducting globes A and B, on insulating bases, initially are neutral. An
insulating charged rod with +5 units of charge is held near A, without contact or
sparking, as in the figure. Next, B is made to contact A and then is withdrawn.
Finally, the charged rod is removed. A second figure, with +6 units of charge on A
and —4 units of charge on B, violates what physics ranc;ples'f’ _é AT
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3. (6 pts) For the benefit of Bart Simpsofi’s teacheirf concmély describe the amber effect.
Explain why it is attractlve using a simple figure with a negative source charge.
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4. (21 pts) A point charge Q; = —8.0 x 107 C is on the negative y—ams at ri=4 cm
from the origin. A point charge @2 = —3.0 x 107 =9 C makes a counterclockwise
angle § = 150° to the positive z-axis, at ro = 2 cm from the origin. A charge
Q = 3.0 x 107° C is placed at the origin. @Q; and Q3 act on Q with forces Fy and Fy. .
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a. Find |F| and |F|. LOESHIO N

b. On the figure, draw F| and F, with their tails on Q, and in relative proportion.
c. Find F, the x~component of the total force F' on Q.
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d. Find F,, the y-component of F / \\
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e. Find the angle of F with respect to the z-axis. Sketch the direction of F. = {a2e Toqu
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f. Find |F|.
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g. Q1 and Q2 are rotated clockwise 25 degrees about the origin. Find the new Fi.
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5. Two charges @ are on the z-axis, A at (a, 0) and B at (—a,0).
a. (3 pts) Find the electric field at the origin. :
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(3 pts) Find the electncal potentlal at the orlgm - \; .
.. 2R

6. Two line charges are normal to the page. A, with charge density 6}\,-’passes through
the origin. B, with charge density 2\, passes through (6a,0,0).
a. (4 pts) Fmd the position (s, 0,0) where the electric field is zero.
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b. (4 pts) If A is represented by two ﬁeid lines, find the angle between the field lines
as they originate from A. Repeat for B. Repeat for the angle between the field
lines as viewed from far away. . )
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c. (6 pts) Sketch the field lines for this'geometry. Take one field line from A to go
directly to the left, and take one field line from B to go directly to the right.
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7. (6 pts) A negative charge (Q < 0) is uniformly dlstrlbuted £rom the orlgm to' (a,0).

Compute E, along the z-axis for r > a.
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8. For a negatively-charged conductor, a surface element of area dA = 4.5 x 10~ m? has
its outward normal # along (3,8,—4.5). For this element, |E| = 270 V/m.
a. (3 pts) Find 7. (e g -4.5) e
¥ i - o g ' ‘(;} - ‘b) - f{} 4/2'? 3 iWQ ?Zj’i{ ,w/u
Uzt 8¢ ) L 1Ty |
b. (3 pts) Find the direction of E, called E. ‘
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c. (3 pts) Find the flux d@ g throu g L dA :
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d. (3 pts) Find the surface charge dQS 3 ‘
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/A\ 9 Consuier a ball of charge of radius a with uniform charge density p > 0.

/ / ™a. (3 pts) Sketch the field lines. <) |
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c. (3 pts) Using Gauss’s Law and symmetry, find d®g/dA for r = a/2.
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10. Assume that the charged conducting shegts in the figure are infinite in extent. The

one on the top has total charge per unit area — 20y, and the one on the bottom has a

total charge per unit area 6o¢, where g > 0.
a. {3 pts) Find the total electnc field (1n ma.gmtude
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b. (3 pts) Find the charge density on the top surface of the bottom sheet
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c. (3 pts) Whlch plate is at the higher voltage, rand by how much (expressed in terms
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11. Answer the following questions about voltage.
a. (3 pts) For two equipotentials A" and B’, 1.5 cm apart, the electric field between
them is of magnitude 90 N/C, and pomts to B If Var
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—2.6 V, estimate Vp'.
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b. (3 pts) Equipotentials A and B have VA = 8.4 V and Vg = 8.1 V, and a sepa-
ration of 6 mm. For a point C midway between them, estimate the electric field

A -\ (magmtude and dlrectlon)
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d. (3 pts) If the electron starts at rest from the equipotential giving it the Iower?
energy, find its speed when it stnkes the other equipotential.
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c. (3 pts) On which eqmpotent1a1

31/} part b) will an electron have the lower energ
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Exam 1, Physics 208  6/18/04 Name: 3’45 - %é:»é/" B

Dr.Saslow, Surmumer 2000 Section:

Don’t waste time on questions you aren’t sure of. Be clear and concise.
A cluttered response, some of which is correct and some of which is incorrect,

will not get full credit.
1. (7 pts) A non-conducting rod lies on the z-axis from (0,0,0) to (0,0,5), where b is a
- constant. It has charge per unit length A = 6az?, where « is a constant. What units
must k and o have? In terms of a and b, find the total charge @ on the rod, and the
average charge per unit length A.
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2. (7 pts) Conducting globes A and B, on insulating bases, initially are neutral. An
insulating charged rod with —6 units of charge is held near A, without contact or
sparking, as in the figure. Next, B is made to contact A and then is withdrawn.
Finally, the charged rod is removed. A second figure, with —5 units of charge on A

and +7 units of charge on B, violates what physics principles? o )
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(6 pts) For the benefit of Bart Simpson’s teacher, concisely describe the amber effect.
Explain why it is attractive, using a simple figure with a negative source charge.




4. (21 pts) A point charge @ = 6.0x10~ -9 Ci is on the positive y-axis at r1=3 c¢m from the
origin. A point charge @3 = —3.0 x 10~°'C makes a counterclockwise angle § = 140°
to the positive z-axis, at 72 = 2 cm from the origin. A charge @ = 5.0 x 107 9 (s
placed at the origin. ¢; and Qg act on @ with fcrces Fl and Fy.

a. Find |F}| and |F}).
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b. On the figure, draw Fy and F, with their tails on €, and in relative proportion.
c. Find F,, the z-component of the total force Fon Q.
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e. Find the angle of F' with respect to the Z=axis. Sketch the direction of F.-
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A 5. Two charges Q are on the y-axis, A at (0,5) and B 4t (0, b)
a. (3 pts) Fmd the electric field at the origin.
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P | b. (3 pts) Find the electrical potential at the origin.’
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6. Two line charges are normal to the page. A, with charge density —4), passes through
the origin. B, with charge density 2A, passes through (4a,0,0).
a. (4 pts) Find the position (s,0,0) where the electric field is zero.
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b. (4 pts) If A is represented by two field lines, find the angle between the field lines
as they originate from A. Repeat for B. Repeat for the angle between the field
lines as viewed from far away. 245°
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¢. (6 pts)Sketch the fleld lines for this geometry ffake one field line from A to go

directly to the left, and take one field line from B to go directly to the right.
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7. (6 pts) A positive charge (@ > 0) is unﬁ’ormiy distributed from the origin to (0,b).

Compute E, along the y-axis for y > b. i .
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8. For a negatively-charged conductor, a surface element of area d4 = 3.8 x 1079
its outward normal # along (7,2, —4.5). For this element, |E} = 160 V/m.

a. (3 pts) Find 7. |
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b. (3 pts) Find the direction of E, called E.
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¢. {3 pts) Find the flux d®g through dA.

/7 i ¥ F AN

dfp = S8 da= A A = IE| 2 R od =/ &[R4
A

e igfgiﬂ — - { r&D vj,/s%;‘

d. (3 pts) Find the surface charge dQ)s. h p
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Consider a ball of charge of radius b with uniform charge density p > 0.
\ a. (3 pts) Sketch the field lines.
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" b (3 pts) For a concentric sphere with r = 2b, find the charge enclosed
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c. (3 pts) Using Gauss’s Law and symmetry, find d®g/dA for r = 2b
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d. (3 pts) Find K, for r = 2b.
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10. Assume that the charged conducting sheets in the figure are infinite in extent. The
one on the top has total charge per unit area 2¢¢, and the one on the bottom has a
total charge per unit area 409, where og > 0.
a. (3 pts) Find the total electric field (in magnitude and direction) between the .

34, plates. “
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b. (3 pts) Find the charge density on the top surfa.ce of the bottom sheet _
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c. (3 pts) Which plate is at the higher voltage, and by how much (expressed in terms
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11. Answer the following questions about voltage.
a. (3 pts) For two equipotentials A" and B’, 1.8 cm apart, the electric field between
them is of magmtude 72 N/C, and points to B'. If V4 = —1.4 V| estimate Vp..
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b. (3 pts) Equipotentials A and B have V4 = —84 V and Vg = —81 V, and a
separation of 12 mm. For a point C midway between them, estimate the electric
field (magnitude and direction).
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¢. {3 pts) On which equipotential in part b) will an electron have the lower energy,
and by how much? ~
B

) : i H i . i 7 N q"’f’éﬁ (‘ e
' % J

d. (3 pts) If the electron starts at rest from the equipotential giving it the lower
energy, find its speed when it strikes the other equipotential.

{ S
zm/if\ = ;.Z;!Lf{g

T e
o= [2lenl [ 2 xed e
J e -

A X e Ly :ﬁi’&f/@;

[
a
¢
D
A



