Solutions
Chapter 4

Problem 1

Potential energy difference is

2.4 x 10710

W eV =15x 109 eV

AU =qgAV =160 x 1079 x1.5x10° J =24 x 10710 J =

Problem 2

The potential difference is

g
E.ds= - -
/ ds = / 5 ds(— 260 s

If the separation between equipotentials is s, then AV =75 V and

2AV e
o

=27x103m

S =

Problem 3

Part a

AV = Ed = 2.00 x 10* x 0.010 = 200 V

Part b

The kinetic energy gained by the electron will be its potential energy lost. Hence,
mv? /2 = eAV.

Solving for v gives
2eAV

m

= 8.38 x 10° m/s



Problem 4

With infinity as reference, the potential is

T

Vi(r) = _/ E.d§= —/ Edr' = —/ Eoe_rl/mdr’ = Eoroe_f’/m_

o

Problem 5

The potential difference between any two points ‘a’ and ‘b’ is defined to be:
b
Vy—Vy=— / B.ds
a

Let the reference be at ‘a’ a distance r, from the center. Then V, = V(r,) = 0. Let ‘D’ be at any
arbitrary distance r from the center. Then V (r) = V3. Now, if the integration path is chosen along

a radial line: . .
V(’I“)Z*/ Eodé’:f/ Edr’

Part a

If the center is chosen as reference, then r, = 0. If r < R then the complete path of integration is
inside the sphere. Hence, the corresponding formula for E is used to compute V(r) as follows.

/ 2

"oqr / qr
= — dr' = —
Vir) /0 dmeg R3 " SmegR3

Part b

For this part we notice that part of the path of integration is inside the sphere and part of it is
outside. Hence, we need to split up the integral into the two parts and use the appropriate formula
for F in each part. This gives

R ! r
qr / q / q q 1 1) q ( 3 1)
(r) /o dreg3 " /R dregr?” T T 8meoR  Ameq (R r Areg \2R 1

Part ¢

If the reference is at infinity and r < R, then the path of integration is once again split between
the two regions. So,

r R r / 2 2 2 2

q qr q q(r* = R%) _ q(3R* —17)

Vi) =~ [ Bar'=- | ar' - [ dr' = - - .
(r) /oo " oo Amegr’? " r 4megR3 " dmegR SmegR3 SmegR3




Part d

In this part the path of integration is completely outside the sphere. Hence,

" / " q / q
V = — E d = — d p— .
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Problem 6
Part a
q q 4
—Vy = - =11x1
Ve = Va dmepdp  4Amepda <100V
Part b

As the distances are the same the answer is the same as in part a.

Problem 7

The potential is

k k k
V=Vi+VatVy="ty 202 56
r1 T2 T3

where 71, ro and r3 are the respective distances of the three charges from the point P. Hence,
r=rs=vVd>+d>=+v2d, and ry=4d

Hence,

kq —2kq kq kq(l 1) kq
V= + + =—(—=—2+—=)=-(2-V2)—.
vadtTa T a Pt p) =V

Problem 8

The potential is

ko kgy kg kas K
V=Vi+ Vot VatVitVs=—b 282 108 0 T
1 T2 T3 T4 Ts5

where 11, ro, 13, 74 and r5 are the respective distances of the five charges from the origin. Hence,

ri=r3=r4=2d, 79 =23d, and 75 = \V/9d? + 4d? = V/13d.



So, using the given values for the charges,

V—@ —2kq ~—kq 3kq —3kq kq (5 3 )
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Problem 9

Potential is zero a distance x from the origin if (for positive z)

a1 a2
=0
dmepx + dmep(d — x)
Replacing ¢1 = ¢ and g2 = —2q gives
a 29 _0
drepxr  4Ameg(d — x)
or
2
r d—x
Solving this for = gives
x=d/3
For negative x values
q Q2
_ -0
dmepx * 4men(d — x)
Then 5
g 7 _,

Amegr 4meg(d — )

Solving for x gives

r=—d
Problem 10
Potential due to an element of charge dq is
dgq
dv =
dmeor
For point P
r=(R?+ z2)1/2
So p
dv — 4
dmegV R? + 22



As R and z are both constants for all points on the circle, integrating dV gives

1
V= —/d
AmegV R2 + 22 1

Now,
[di=20-q=a.
Hence,
v @
AreqgV R? + 22
Problem 11
d
X T
d T >

The charge on the element of length dz is dg = Adx. So the potential due to it is

dq Adx (L —x)dx

dv - = =
dregr  4meg(r +d)  dmeo(x + d)

Integrating this over the full length gives

L¢(L —x)dx c [Y(L-2)de c L+d
/0 dreg(x + d) 47reo/o r+d dmeg {( +d) n( d > }

Problem 12

Part a

The potential along the z axis was found to be

ve_ @
dmegV/ R2 4 22

So, the z component of the electric field is:

v Q
dz  4me

Qz
4reg(R2 + 22)3/2

E. = (—1/2)(R? 4 2%)~3/22; =



Part b

The x component cannot be found as the given expression for potential is valid only along the z
axis. This means = has been set to zero. To find the = component of the electric field one has to
find the derivative of V' with respect to x. This cannot be done when z has already been set to zero.
In other words, we need to know the functional dependence of V on x to find the z component.

Problem 13
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