PHY$102 PREvVIOUS EXAM PROBLEMS

Electric Potential

olutions o Selected Problem:

@ Electric Potential Energy of Point Charges in External Electric Fields

M21. A proton moves in a uniform electric field of 2.5x10” N/C from point Ato point Bby traveling a distance

of 1.5 m. Find the magnitudes of the work done and the potential difference between points A and B.
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W42, An electron is moving parallel to the x axis under the influence of a uniform electric field directed along
the positive x axis. The electron has an initial velocity of 3.0x10° m/s at point A and its velocity is reduced to
2.0x10° m/s at point B. Calculate the potential difference (Vg-Va).

|

bl dicechi o pibuplic sy |
ore Wha il el E. C:ohis %ijf

It mones towands }"*""’L’Z ) lowrer ,wo'-&th .
3> V<) (e =1e \ §
AR=9.AV 2> AV = ;AK.__é.( Cam LR

3) -
AV = ._‘Llu‘.m_x(‘?oxroa—woxio )= 14V
\‘zméx:oq |

BV T e Y =Ly X162 4fyayxip !

@44. Figure 22 shows two equipotential (dashed) surfaces such that V4 = -5.0 V .
and Vg = -15 V. What is the external work needed to move a -2.0 pC charge at /“
constant speed from A to B along the indicated path? '
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qy. W= A= 2.48v= 3 ( Vg-Vy)
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@ Calculating the Electric Potential
Al. Two points A (2.0 m, 3.0 m) and B (5.0 m, 7.0 m) are located in a region where there is a uniform electric
field that is given by E = 4.0 + 3.0 (N/C). What is potential difference (Va-Vg)?
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W45, A charge of +28 nC is placed at the origin in a uniform electric field that is directed along the positive y

axis and has a magnitude of 4.0x10* V/m. What is the work done by the electric field when the charge moves to
the point (3.0 m, 4.0 m)?
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AB3. If the electric field has magnitude of 200 VV/m and makes an angle of 30° with the positive x-axis, what is
the potential difference V-V 5 between point A (0, 0) and point B (3.0 m, 0 m)?
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@ Electric Potential due to Point Charges

033. In figure 15, what is the net electric potential at point P due to the four 5, » J*3q
ood d .-
point charges if V = 0 at infinity? [Take d =2 cm, g = 1.0 uC] .
d d
3q * *-2q
e 269 _ 2xaxto?x 10 S
33. VL= K (~29+4+39%-23+3Y)= -2X =qQx10~
P d d 6.0

O51. A non-conducting solid sphere of radius R = 10.0 cm has a uniformly distributed charge Q = +1.50 uC.

Find the magnitude of the potential difference between a point at r = 50.0 cm and a point on the surface of the

sphere.
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O55. In figure 30, point P is at the center of the square. Find the net electric potential at 2.4 ~3.0¢
point P. Assume V = 0 at infinity. Q[ d——?
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O64. Three point charges —2.00 uC, Q, and + 6.00 uC are fixed along the x- kP
axis as shown in figure 34. If the net electric potential at point P due to these sz;j , S
re ™ T
charges is zero, what is the charge Q? .
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(@ Calculating the Electric Field

06. Over a certain region of space, the electric potential is give by: V(x,y) = x*+ y?+ 2xy, where V is in volts
and x and y are in meters. Find the magnitude of the electric field at the point P (1.0, 2.0).
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#315. Consider the parallel conducting plates shown in figure 4. The distance between A B
the equipotential surfaces A and B is 1.00 cm, and the electric potential on surface Ais- > I >
o o
280 V. What is the electric potential on the equipotential surface B? g =
5.0 cm

) s m_Av _ 3 = :
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019. In a certain region of the xy plane, the electric potential is given by V (x,y) = 2xy — 3x* + 5y, where V is in

volts, and x and y are in meters. At which point is the electric field equal to zero?

(9. Eyp= .2V -_—__%((2x\; ~3x24359)= -2y +ée
- —2x2 = =
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022. The electric potential at point in an xy plane is given by V = 3x* — 4y*. What are the magnitude and
direction of the electric field at the point (4.0, 2.0) m?
22, Ca= Vo = —€x i
Ey= _’av/'}n = +uy = X 5
ALt Ha pont (uo,20): E = —24i+ #6353 (V/w)
s E= (2@+ 46 = 28.8 529 Vi
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027. In figure 12, two large horizontal metal plates are separated by 4 3

4 mun

mm. The lower plate is at a potential of -6.0 V. What potential should

be applied to the upper plate to create an electric field of strength 4000 ~°V

V/m upwards in the space between the plates?
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046. An electron is placed in an xy plane where the electric potential depends on x and y as shown in figure 23

(the potential does not depend on z). What is the electric field (in units of kV/m)?
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@ Work and Potential Energy for a System of Charges

@9. What is the external work required to bring four 3.0x10° C positive point charges from infinity and place

them at the corners of a square of side 0.12 m?
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@10. A point charge g; =+ 2.4 uC is held stationary at the origin. A second point charge q, = - 4.3 uC moves
from x; =0.15 m, y; = 0 to a point x, = 0.25 m, y, = 0.25 m. How much work is done by the electric force on q,?
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@16. A point charge of 5.0x10° C is transferred, by an external agent, from infinity to the surface of a ball of
radius 5.0 cm. If the ball has a charge density of 5.0x10™* C/m?, what is the amount of work done, by the external

agent, in the process? [assume V = 0 at infinity]
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@30. Three point charges are initially infinitely far apart. Two of the point charges are identical and have charge
Q. If zero net work is required to assemble the three charges at the corners of an equilateral triangle of side d,

what is the value of the third charge?

30. W:A‘LL:L(F: l&@f.,.%{ﬁ_{_kam q
\'o:‘éﬁ-}-zm d d

p d
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@34. Two balls with charges 5.0 uC and 10 pC are at a distance of 1.0 m from each other. In order to reduce the

@ d @

distance between them to 0.5 m, what amount of work needs to be performed?

3y. W=A4AU= 'I.L;_-u{
_ kbt k1% — I e
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@59. As shown in figure 32, two particle with charge Q = 10 uC each are fixed at the qA
vertices of an equilateral triangle with sides of length a = 0.30 m. How much work is i
required to move a particle with a charge g = 1 uC from point A at the other vertex to :
point B at the center of the line joining the fixed charges? '
Q a Q
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@ Conservation of Energy

@ 4. Two identical and isolated 8.0-uC point charges are positioned on the x axis, one is at x = +1.0 m and the

other is at x = -1.0 m. They are released from rest simultaneously. What is the kinetic energy of either of the
charges after it has moved 2.0 m along the x axis?
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®3. A particle, with a mass of 9.0x10”° kg and a charge of +8 nC , has a kinetic energy of 36 pJ at point A and

moves to point B where the potential is 3.0x10° V greater than that at point A. What is the particle's kinetic
energy at point B?

B. U= Vp +3.0 X0 2 Vg ¥y =43.p X0 vV
Ka+ Up= Ka+Ug
Kg= Ka+ (Ma-Ug) =K+ F (Va-Va)
= (=26 xro") 3 (%-oxro'q)(-&a sz)

= 36 x10%_2u xI10° = |2 T

®11. An electron is accelerated from a speed of 3x10° m/s to 8x10° m/s. Calculate the electric potential through

which electron has to pass to gain this acceleration?

"o &Ke+WU = I+ U
K 3V, = K+ 3
K — b= 9 (- V)
Lttty = 30 )
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®18. Two electrons are initially far away. Each electron is initially moving toward the other one with a speed of

500 m/s. Find the closest distance they can get to each other.
I8 Tlw W@Wmaﬁﬂs}vy%
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®25. Two protons, p, are fixed 6.0 m apart, as shown in figure 10. An electron, e, Yi

is released from point A. Find its speed at point O, midway between the protons. 3m

v

v YARY -19
MAUF _—_ﬁ. Jcez = U‘k -'_'.(?_I’S.) 2, e :% ?x|.6xm - [{.6,,13/!

43, An electron is projected with an initial kinetic energy of 3.6x10%* J toward a fixed proton. If the electron

is initially infinitely far from the proton, at what distance from the proton is its speed equal to twice its initial
speed?

'l«[{r': | L Ky = K — e = R
=D

£ Jee? = 3K, r=tfer _ axiof xtéxio e = 23010 m
¥ By’ 3X3bx107%
T 21 Mmm
€53, In figure 29, a proton’s speed as it passes point A is 5.0x10" ,  ,  FauipotentialSurface
m/s. It follows the trajectory shown in the figure. What is the ° ~
, . 27 \m R e
proton’s speed at point B? [mass of the proton = 1.67x10™" kg] —

1“-- ..... _g-—'r

| Proton

. ' . .30V
30V 1oV -10V

B3 A= \/g-—VA: —30~30 =—~60V =
& -1
plza dV= (l.6xt6'7 y(-bo)==26x10 " T ]
AR+ AU =0
DAK= -4U
L
kg~ Kp=-48U D Kg = Kp- 4U
Lwm g =LZ Myl - AL . e
et - MM = 25y o 2EGOXO © o o apl® fals)?
8 (.67 X167
> Up= ug)(ro = sz %0 (m/;)
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€60. A metallic sphere, of radius 8 cm, is charged to a potential of — 500 V (take V = 0 at infinity). An electron

is initially 15 cm from the center of the sphere. What must be the initial speed of the electron to barely hit the

sphere (v; = 0)?

bo. Ki+Ui= Kraly
A= U -,y
Lowridin At Sphtne an a particle : I
Lmul = (RG)(-€) (1) V= RQIR
+ r\:wt = ;ﬁj\e/e C'RL ..J;‘_) <9 el =VR
T -

~ s
=z oelx(-gm)xl6xttT \ 1 1) syezaxid

g .x163 008 ~O-g

@ Conductors

We diid problems 62 and 66 from fhe fextbook in the lecture.
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