PHYS 102 Exams PHYS 102 Exam 1 SPRING 2016 (A)

The next three questions pertain to the situation described below.

Two point charges, Q; and Q,, are placed at (0,0) and |E due to Q1 | y (m) |E due to Q2 |
(3,0) as shown. The grid spacing is in meters. Assume /
the charges are glued into place. % —>

This means there T 1 @——>x(m)

is no electric field: 0y =< O, =

F=qE =5uC +4uC

1) There is a point on the X-axis where a small test charge would feel no net force from Q; and Q,. In which

region is this point located Recall superposition principle and E

due to a siingle charge

a.x<0 From the figure (arrows) 0 < x < 3 is out of question.
@X >3 Since |Q1] > |Q2|, the megnitude of E due to Q2 can never be
c.betweenx=0and x=3 larger than that due to Q1 for x < 0.
2) A positive point charge of q = 3..4 x 1070 C ‘is now due to Q1 y (m)
placed at (1,0) as shown. What is the magnitude of the
electric force on (, due to Q; and Q,? q
— — | & -@—F—x(m)
Coulomb force + superposition principle I < !
0= 0, =
Sketch the forces due to each pair of charges —5uC \:411(3
due to Q2
Fq| =0.18N due to QL kglQl[/1r2 (o the left)
b. |Fgl =0.054 N due to Q2 kqlQ2[/2*2 (to the left)
c. |Fgl=0.12N Therefore,
d. |Fq| =0.28N [Fal = kq(|Q1|+|Q2|/4) = 9x10"9 x 3.4x107{-6} (5x10M{-6}+1x107{-6})
c. |Fq| —0ON = 183.6 x 107{9-6-6} = 1836 x 10M-3} = 0.18 N

3) Charge ¢ is now removed and replaced with an y (m)
uncharged conducting sphere at the same conducting

location, as shown. The sphere is free to move and

is insulated from the ground. L1

In which direction do you expect the sphere to
move?

linduced charges |

more + here than -

?’ :Ee l?fin on the other side
. To the rig

c. The sphere will not move
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The next two questions pertain to the situation described below.

total force
Consider the configuration of point charges shown:
g1 =-1nC,q2=-4nC,and g3 = +2 nC. ‘h. E i qs3
The grid is 1 cm on a side. 7\
1 cm

I cm

4) Which of the following vectors best represents the direction of the total force/F; tot on charge gy due to g1
and q3?

N T 2\ /

Figure 1 Figure 2 Figure 3 Figure 4 Figure 5

a. Figure 4
b. Figure 5
c. Figure 1

igure 3
e. Figure 2

5) Calculate the magnitude of the total force |F tot| on charge g, due tp ¢; and ga3.

I:2,t0t| =184 uN Magnitudes are (we know the directions)
b. |[F2totl =31.8 uN due to gl: Kk|gqlg2|/(3x107{-2})"2 = 9x1079x4x10{-18}/9x10"{-4}
C. |F2,tot| =2700 uN = 4x107{13-18} = 4x10M-5} N
d. |Fpof] = 114 uN due to @3: Kk|gq3qg2|/(2x10M-2Hh"2 = 9x1079x8x10™-18}/4x10"{-4}
' = A\, - = N
e. |Fotof = 773 uN 18x10°{13-18} 18x10M{-5}  N.
' Therefore, Pythagoras tells us
|F2tot]| = sqrt{f4"2 + 1872} x 10M-5} = 184 x 107-5} N
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6) Electrons are placed on an initially uncharged conducting disk. Which of the following diagrams (showing
the top-view of the disk) best represents how the charges could be distributed?

Aok © °0 Same charges wish to be apart
9900 © o as much as possible.
: e v < ;
Figure 1 Figure 2 Figure 3

a. Figure 1
b. Figure 2
igure 3

The next two questions pertain to the situation described below.

An uncharged conducting sphere A hangs from the ceiling by a non-conducting
string. As shown in the figure, a positively charged conducting sphere B is
brought close to the hanging sphere but does not touch it.

electrostatic induction

7) What happens to the hanging sphere A?

a. It moves away from sphere B.
t moves toward sphere B.
c. It does not move.

8) Now the two spheres are touched briefly and then separated by a small distance. What happens to the
hanging sphere A?

both are charged positively, since same
charges wish to spread as much as

a. It moves toward sphere B. possible

b. It does not move.
@It moves away from sphere B.
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The next four questions pertain to the situation described below.

There are only five charges A - E on the plane in this experimental system as shown below. The equipotential
contours are also described in the figure.

N

convenient path to
calculate the
needed work from
Tto R.

9) Suppose charge D is negative. Choose the correctstatement about the positive charges in the figure from
below.

Try to draw force lines connecting charges. If
There are only two positive charges, A and C. you can eé_lsily connect them they have
b. There are only?htge positive charges, B, C andE\ opposite signs.

c. There are only two positive charges, B and E,
d. C is the ondy positive charge in the figure.

e. There are only fhfe{positive charges, A, Baand K

10) At point P choose the correct direction of the electric field.

E points the steepest descending direction of the potential

a. S landscape.
b.)E
<N Thus, N and S are out of question.

E must be perpendicular to the equipotential
lines.
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11) The spacing between the adjacent equipotential contours is 5 V. A charge of 0.2 C is initially at T. To

bring this charge to R, first you drag the charge to Q and then from there to R as described by line
segments with arrows in the figure. What is the total work you have to do? Assume that all the dots denoting
the points are exactly on the contours described in the figure above.

Needed work does not depend on the path but only the end points.
2 J Try to draw the most convenient path connecting the same end points.
b.0J
c.3J |W = g delta V |
d1J See the abo\e figure. We must cross 2 contour spacings = 10V = delta V.

e. 4] Therefore, =02 x 10 = 2 J.

12) A charge of 0.3 C is placed initially gt Q. You drag the charge to P and you have to do work W. Now, a
charge of —0.3 C is initially at P. You\wish to drag the charge to Q. What is the work you have to do?

To an\wer this question, actually no figure is needed.
a. none of the other answers N}

b —W W= 03x(VP - VQ).

Y

What is (-0.3)x(VP - VQ)?
This is just W.
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13) As shown below at the origin is fixed a charge A o pCandatX=5mis

sedond charge B o

—5 uC.
due to cancellation
can occur at
‘ /1\ | | | these points
e RN +
@) we expect one more 0
around here \‘7( o B
We know the electric potential of this system vanishes at @f we adopt the convention that the
electric potential is zero at infinity. There is one more point alorg the x-axis where the electric potential
vanishes.
due to A: KkQA/x
Give its X-coordinate. due to B: kQB/(x-5)
Using the superposition principle
a. 50/7 m ThthAi/Sx +4>I:=QZB5/(X—5) = 0 or 25/x-5/(x-5)=0 or x= 5(x-5)
b.25/3 m ’ '
c. 50/9 m Slightly advanced comment;
a' 5/4m kQA/[x] + kQB/|x-5] = 0, so 25/|x]-5/|x-5|=0 or |x| = 5|x-5|
e. 10m This implies x = +5(x-5) or x = -5(x-5). The former gives 25/4
and the latter gives 25/6, the already given location.
The next three questions pertain to the situation described below.
On the Xxy-plane are multiple point charges (denoted by YA
bullets) as depicted in the following figure. These charges ®
denoted by bullets are fixed to the space throughout the [
following three questions. To bring a charge of 3 uC from e
infinity (very far away) to the origin O you must do a 3 microC
work of +4.2 J. To bring a charge of 3 pC from infinity to
point P instead you must do a work of +3.7 J.
3 microC
>
o
®

14) What work do you have to do to bring a charge of —6 pC from infinity to the origin?

W = q delta V = g (Vfinal - Vinit)

Caw= -84

b. W =4.2] i:‘(.)m !nfanyz, ; .fV|n|t ; O.. WZ q \T/r?
is is 4. if q= micro . en,

.W=84

c.W=84J -2 times this = -84 J.

the answer

is obviously
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15) What work do you have to do to bring a 3 uC charge (star) located originally at the origin to point P?

VA
o W = q(Vfinal - Vinit)
°
Po
[ ]
. 1
i °
I e >
O] X
®
W= q(VP - VO) = 3.7 - 42 = -05 J.
a.W=0J
b. W==-3.7J
=—0.51]
dW=3.7J
e. W=0.5]

16) Now, you wish to bring simultaneously one 3 pC charge to the origin O and one charge of the same 3 uC
to point P when O and P are empty. The distance between O and P is 0.2 m. What work do you have to
do? Assume that initially the charges to be brought in are far away from the origin and are far apart from each

other as shown in the figure.

" 3.7N

a.W=75]
b.W=7.91]
c.W=3.T71]
dW=-051]

=8.3J

4

The stored potential energy is the sum of all the pairwise potential
energies.

If you assume there is no interaction between the charges located at P
and O, then the work you have to do is just the sum 3.7 + 42 = 7.9 J.
However,
you must take into account the newly formed pairwise interaction:

kgnh2/0.2 = 9x1079(3x107{-6})"3/0.2 = 405x10"{9-12} = 0.405 J.
Thus, the total work you have to do is 79 + 04 =83 J.
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The next two questions pertain to the situation described below.

An isolated electric dipole (two equal and oppositely charged objects connected by an insulating rigid rod) is
at rest, initially aligned along the y-axis. The negative and positive charges of the dipole are equidistant from
the origin O (each at 3cm distance from the origin). The center of the dipole is attached to the origin of the
coordinate system so that the dipole can pivot in the plane around the origin. Initially no other charges are
present.

s Y
+q 3cm
5cm
QO X
" O
3cm
v

17) A positively charged object is placed at position A (5cm away from O) as shown in the Figure, while the
dipole is kept fixed. Then the dipole is released gently so that it can rotate freely around the origin. In
which direction will the dipole begin to turn ? Sketch the pairwise

Coulomb forces.

a. Initially it will rotate clockwise in the diagram

It won’t move at all
nitially it will rotate counterclockwise in the diagram.

18) Now the dipole is returned to its original orientation Py
and kept fixed. Then, in addition to the charge at A, a

fourth charge is placed at B (5 cm away from O to the side

opposite of A). What should be the charge at B such that /\

the dipole does not rotate at all when it is released gently +q 3em

to pivot around the origin in this case ? —Q S cm . 5 cm Q>
You must cancel the torque (so you A 3em B
must cancel the forces). w

o
b. Zero charge

c.—q
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The next two questions pertain to the situation described below.

Consider a rigid, insulating stick with two opposite
charges at its two ends, as shown in the following figure.
The stick is confined in the X,y plane, and the z-axis is
pointing out the page. Initially the angle between the stick
and x-axis 1s 60 degrees. The length of the stick is 2
meters. The magnitude of both charges are e = 1.602 x

AY

This is a stick

1019 C.

19) A homogeneous external electric field is turned on, which
points in one of the directions shown below. In response to the
field, the dipole starts to rotate counterclockwise in the Xy plane.
In which of the following directions does the electric field point
(see figure below)?
Sketch

the force. Then the answer is obvious.

a. out of the page
direction 1
c. In direction 4

d. In direction 3
e. In direction 2

1
dipole  maoment

vector

20) If the added electric field E points in the X direction and has magnitude E =1 V/m, how much total work
will it have done on the dipole system during the time from when E was first switched on until when the

dipole has settled into its new equilibrium position?

space needed herel U = -pE cos theta

0, so U = -pE.

of pE/2.

is almost O.

a. 10J
b.27J Initially, U = -pE/2.
c.—217 After  settling down theta =
d. None of the other answers Therefore, the dipole must get rid
‘OJ p = 1.6x107{-19} x 2 = 3.2x10M-19}
Thus, obviously the energy
Of course, this is obvious

without

any calculation!
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21) You are designing a particle accelerator that is required to accelerate electrons with initial velocity v; = 0
m/s up to a final velocity of vy = 10° m/s using a constant (homogeneous) electric field.

Remember that electrons have a mass of m, =9.1 x 103! kg and a charge of g. = —1.602 x 10°1° C.

What should the magnitude of the electric field be if the accelerator is L = 0.25 m long?

Conservation of energy

a. |E| = 0.03 N/C

- A _ ) . . )
b. |E| — 0.23 N/C (2/2)mv"2 ELg, because EL is the electric potential difference.
c. |[E| = 0.061 N/C Therefore, E = mv~2/2qL = 9.1x10M-31}x(10"5)"2/2(1.602x10-19}x0.25
(dD|E| = 0.11N/C = 11.36 x 107°{-31+10+19} = 11.36x10%-2}  V/m (or N/C)

e. |E| = 0.46 N/C

22) There is an uncharged conducting sphere in the middle of two charged, parallel conducting plates as
shown below. Shown is a cross section through the middle of the sphere. Which schematic best represents
the electric field line distribution inside the sphere in this situation?

| The force lines
must be

- perpendicular to
the ring, so the
figure is actually
wrong.

Figure 1

YYYTYYYY

No field should
exist inside a metal
sphere.

.i
Figure 2

L L L L L

a. Figure 2

igure 1

c. Neither

23) As to the relation between electric field lines and equipotential curves, choose the correct statement from
below:

see Problem 10.

a. At a given point there is no general relation between the direction of the electric field line and the
direction of the equipotential curve through the point
At a given point the electric field line is perpendicular to the equipotential curve through the point.
C. At a given point the electric field line is parallel to the equipotential curve through the point.
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24) Which of the schematic figures shown best represents the
electric field lines due to two point charges with 410 pC of
charge each? Figurel

Imagine water is coming out of
faucets.

T~

Figure 2 %

Figure 3

igure 1
b. Figure 2
c. Figure 3
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