
If the sphere is kept at constant voltage Vo. the image 
charge q' = -qR/D at distance b = Rt/D from the sphere 
center still ketps the sphere at zero potential. To raise the 
potential of the sphere to Vo, another image charge, 

Qo=411'eoRVo 	 (26) 

must be placed at the sphere center, as in Figure 2-29b. The 
force on the sphere is then 

(27) 

PROBLEMS 

S«tion 2.1 
1. Faraday's "ice-pail" experiment IS repeated with the 
following sequence of steps: 

(i) 	A ball with total charge Q is brought inside an 
insulated metal ice-pail without touching. 

(ii) 	The outside of the pail is momentarily connected to 
the ground and then disconnected so that once again 
the pail is insulated. 

(iii) 	Without touching the pail, the charged ball is removed. 

(a) Sketch the charge distribution on the inside and outside 
of the pail during each step. 

(b) What is the net charge on the pail after the chargro ball 
is removed? 

2. A sphere initially carrying a total charge Q is brought into 
momentary contact with an uncharged idenLical sphere. 

(a) 	 How much charge is on each sphere? 
(b) This process is repeated for N idenLical iniLially 

uncharged spheres. How much charge js on each of the 
spheres including the original charged sphere? 

(c) What is the total charge in the system after the N 
contacts? 

Section 2.2 
3. The charge of an electron was first measured by Robert A. 
Millikan in 1909 by measuring the electric field necessary to 
levitate a small charged oil drop against its weight. The oil 
droplets were sprayed and became charged by frictional 
electrification. 
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g 

A spherical droplet of rad ius R and effective mass density 
pm carries a total charge q in a g ravi ty field g. What electric 
field Eoi, will suspend the charged droplet? Millikan found by 
this method that all droplets carried in teger multiples of 
negative cha rge e = - 1.6 x 10- 19 coul. 

4. Two small co nducting balls, each of mass m, are atlhe end 
o f in sulating strings of length I joined at a point. Cha rges are 

A: 
/; i 

I 

Q~, ""- -1--';".'Q, 

g 

placed on the balls so that they are a distance d apa rt. A 
charge QL is placed on ball I . What is the charge Q2 o n ball2? 

5. A poim charge -QL of mass' m travels in a circu la r orbit of 
radius R about a charge of opposite sign Q 2. 

(a) What is the equilibrium angular speed of the charge 
-QL? 

(b) T hi s problem d escribes Boh r's o ne electron model of 
the atom if the cha rge - QL is that of an electron a nd Q2 = Zt 
is the nuclear charge, where Z is the num ber o f protons. 
Accordin g to the poslUlates of quamum mechanics the 
angular mom entum L of the electron must be qu antized, 

L = mvR :: 7!h/21T, n = 1,2,3,'" 

where h = 6.63 X 10- 34 joule-sec is Planck's constant. What arc 
the a llowed values of R ? 
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(c) For the hydrogen atom (Z"" I ) what is the rad ius of the 
smallest allowed orbit and what is the electron's orbital veloc­
ity? 

6. An electroscope measures charge by the a ngular deflection 
of two identica l conducting balls suspended by an essentially 
weightless insulating string o f length t. Each ba ll has mass M 
in the gravity field g and when charged ca n be conside red a 
point charge. 

on on 

t, 
A tOtal charge Q is deposited on the twO balls of the elec­

troscope. The angle (J from the normal obeys a relation of the 
form 

lan 8 sin11 (} :: const 

What is the constant? 

7. Two point charges q. and q2 in vacuum with respective 
masses ml and m2 attract (or repel) each othe r via the 
coulomb force. 

"', . 'I, "'2. '11 

§j-----;~.t- r---+ 

Iit-- ----+ " 

, 
(a) Write a single differential equation fo r the d istance 

between the charges T = T\!- r l. What is the effective mass of 
the charges? (Hint: Write New ton's law for each charge and 
take a mass-weighted difference.) 

(b) If the two charges are released from rest a t I = 0 when a 
distance TO from one another , what is their rela tive velocity 
v = drldt as a function of r ? Hint: 

dv = dvdr = v dv =~(..!.v '2) 
dt drdl dT dr 2 
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(c) What is their position as a function of time? Separately 
consider the cases when the charges have the same or 
opposite polarity. Hint: 

Let u =.J; , 
u~ a . _IU--Ia- - u-+-sm ­
2 2 a 

J u 'd ' u -~u2_a2+~ln(u+~)
.J;.'C;.' 2 2 

(d) If the charges are of opposite polarity, at what time will 
they collide? (Hint: If you get a negative value of time, 
check your signs of square roots in (b).) 

(e) If the charges are taken out of the vacuum and placed 
in a viscous medium, the velocity rather than the acceleration 
is proportional [0 the force 

where PI and P'l are the friction coefficients for each charge. 
Reprat parts (aHd) for this viscous dominated motion. 

8. A charge q of mass m with initiaJ velocity v= vois is 
injected at " = 0 into a region of uniform electric field E = 
Eoi•. A screen is placed at the position" = L. At what height h 
does the charge hit the screen? Neglect gravity . 

•

Lx 

9. A pendulum with a weightless string of length I has on its 
end a small sphere with charge q and mass m. A distance D 

16 \ 

Q i \ Qo • 0 

t, 
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away on either side of the pendulum mass are two fixed 
spheres each carrying a charge Q. The three spheres are of 
sufficiently small size that they can be considered as point 
charges and masses. 

(a) Assuming the pendulum displacement t to ~ small 
U« D). show that Newton's law can be approximately written 
as 

What is 6.1~? Hint: 

. 8 fsin -­I' 

(b) At t = 0 the pendulum is released from rest with t = fo. 
What is the subsequem pendulum motion? 

(e) For what values of qQ is the motion unbounded with 
time? 

y 10. Charges Qt Q. and q lie on the corners of an equilateralt triangle with sides of length B. 

(a) What is the force on the charge q? 

8 
(b) What must q be for E to be zero half-way up the ahiwde 

/1 ~ at P? 

;; .p,~ 

•--'-• 
II. Find the electric field along the z axis due to four equal 
magnitude point charges q placed on the vertices of a square 
with sides of length a in tlTe '" plane centered at the origin 

• 


q:;2;..-t-_~.,q3 

r-F---y 

x 
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when: 

(a) the charges have the same polarity, ql "" q'1 = q, = q4 e q; 
(b) the charges alternate in polarity, ql = QJ- q,Q'}: = q4 e 

-q; 
(el the charges are ql = Q'1- q, q,:::z q4 - -q. 

Section 2.3 
12. Find the total charge in each of the following dis­
tributions where a is a constant parameter; 

(a) An infinitely long line charge with densit y 

A(t) = Aot-I •II• 

(b) A spherically symmetric volume charge distributed 
over all space 

P. 
p(r)-[ I + rla}4 

(Htnt: Let II = 1+ r/o..) 
(e) An infinite sheet of surface charge with density 

13. A point charge q with mass M in a gravity field g is 
released from rest a distance Xu above a sheet of surface 
charge with uniform density 0'0 . 

•• ++++++.+ .. , ... "0 

(a) What is the position of the charge as a function of time? 
(b) For what value of Uo will the charge remain stationary? 
(c) If Uo is less than the value of (b), at what time and with 

, what velocity will the charge reach the sheet? 

t.. 14. A point charge q at z::: 0 is a distance D away from an 
infinitely long line charge with uniform density Ao . 

(a) What is the force on the point charge q? 
(b) What is the force on the line charge? 
(c) Repeat (a) and (b) if the line charge h as a distribution 

.' 
A(Z) ::: Aolz l 

a 

• 

• 
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15. A small sphere of mass M in a gravity field g carrying a" 
charge Q is connected by a massless string to a sheet of 
surface charge of the same polarity with de nsity !To_ What is 
the angle (J between the sheet and charge? 

16. A line charge A alo ng the I axis extends over the inte rval 
- L s.ts L. 

A-------~y 

-, 
,.) 


-, 

' b) 

(a) Find the electric field in the z Sf 0 plane. 
(b) Using the resu lts of (a) find the electric field in the 1 - 0 

p lane due 10 an infinite st rip (-OOS y :5(0) o f heigh t 2L with 
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surface charge density 0'0 . Check your results with the text for 
L-+oo. Hint: Let u =%2+,2 

du 1 . - I (L , -x ')U - 2L"% ) 
- Sin 2 1!JuJu-xZ.JL'+u Lx u(L +x} 

17. An infinitely long hollow semi<ylinder of radius R car· 
ries a uniform surface charge distribution 0'0_ 

(a) What is the electric field along the axis of the cylinder? 
(b) Use the results of (a) to find the electric field along the 

axis due to a semi<ylinder of volume charge Po­
(e) Repeat (a) and (b) to find the electric field at the cenler 

of a uniformly surface or volume charged hemisphere. ...... . . 
• R •·•rli'\. '• 

18. (a) Find the electric field along the.t axis of a circular loop 
centered in the xy plane of radius a carrying a uniform line charge 
Xo for y > oand -Xo for y < O. 

y 

• •• 

• 

(b) Use the results of (a) to find the electric field along the :. 
axis of a circular disk of radius a carrying a uniform surface charge 
0'0 for y > 0 and -0'0 for y < O. 

19. (a) Find the electric field along the z axis due to a square 
loop with sides of length a centered about the z axis in the "" 
plane carrying a uniform line charge A. What should your 
re~mlt approach for t: » a ? 

(b) Use the results of (a) to find the e lectric field along the z 
axis due to a square of uniform surface charge eTo. What 
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.. . . 
, y 

shou ld your result ap proach as II -lOoo? Hinl: Let 

, x' f du 2 - ~ 
U = l +l' 1I.J2u"='? - IzI Ian 

I V---;:;-~,-,-

20 . A circular loop of radius a in the xy plane has a uniform 
line charge distribu tion Ao fo r y > 0 and - Ao fo r y < O. 

P 

\ 
\ 
\. ~Q I' R - .jc:oslti. + sin.i ~ I'" I i , 

-_r-
\/

- AoCO"'/~/ ,;<\~ 

/'=--r.---->- y 

.. • ~ + 4 cool/m 

• 
(a) What is the elect ric field along the I axis? 
(b) Use the results of (a) to find the electric field along the z 

• 	 axis due to a surface charged d isk, whose de nsity is (Tu for y > 0 
and - Uo for 'j < O. Hinc: 

f r2dr r ~ 
2 2:l12= - ~+In(r +"' r-+z-)

(r+z.) r +z 

(e) Repeat (a) if the line charge has distribution A= Ao sin~. 
(d) Repeat (b) if the su r face cha rge has d istributio n u :::: 

(To si n t/J. 

2 1. An infinitely long line charge with density Ao is folded in 
half with bOlh ha lves joined by a half-circle of rad ius a. What 
is the electric fi e ld a long t he % axis passing th rough the center 



• • 

119 


.. • .. -+ .. .. -+ -+ .. .. .. " 


+++++++ ........... + 


• 
of the circle. Hint: 

d. xJ[X.!+ll i]5ft- ai[x!i+a' }i ii 

i. = cos </J i" +sin f/J i, 
Section 2.4 
22. Find the total charge end~d within each of the follow· 
ing volumes (or the given electric fields: 

(a) E = Ar! j. for a sphere of radius R: 
2

(b) E "" A r i r for a cylinder of radius a and length L ; 
(e) E = A(xi.. +,i,) for a cube with sides of length a having 

a corner at the origin. 

2'. Find the electric field everywhere fOT the following 
planar volume charge distributions : 

I I/(a) p(x)=poe- - ., -oosJC~OO 

-bsxS-a(b) p(x) = {-po.
•• Po. asx s b 


,~) 

--T-:>I"=---~-~· (e) p(X)=pr;. -dsxsd 



120 	 T1w Ek<,"<FWd 

, . (d) p(x) ~ jP,(I +xld), 
Po(l-xld), 

24. Find the electric field everywhere for the following 
spherically symmetric volume charge distributions: 

(a) p(,.)=p~-rl., OSrS<X) 

(Hint: Jr!e -"·dr=-ae- rl-(r t +2a2(rla+I)].) 

(b) 	p(r)""'j PI, O:sr<R1 

P,. RI<r < R:r 

(e) p(r)=por/R. O<r<R 

25. Find the electric field everywhere for the following 
cylindrically symmetric volume charge distributions: 

(b) 	p(r)=jPIo 0<r<4 

Pt. a<r<h 


(e) p(r)z:por/a, O<r < o 

ri, -.i. +yt,. 
r'1. .- Clr ­

26. An infinitely long cylinder of radius R with uniform 
volume charge density Po has an off-axis hole of radius b with 
center a distance d away from ~he center of the cylinder. 
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What is the electric fidd within the hole? (Hint: Replace the 
hole by the superposition of volume charge distributions of 
density Po and -Po and use the results of (27). Convert the 
cylindrical coordinates to Cartesian coordinates for ease .of 
vector addition.) 

Section 2.5 
27. A line charge A of length llies parallel to an infinite sheet 
of surface charge uo. How much work is required to rotate 
the line charge so that it is vertical? 

28. A point charge q of mass m is injected at infinity with" 
initial velocity voi. towards the center of a uniformly charged 
sphere of radius R. The total charge on the sphere Q is the 
same sign as q. 

• 
~'--~.::' Q 

R ,• 

• 
(a) What is the minimum initia1 velocity necessary for the 

point charge to collide with the sphere? 
(b) If the initial velocity is half of the result in (a), how close 

does the charge get to the sphere? 

29. Find the electric field and volume charge distributions 
for the following potential distributions: 

(a) V=Axt 

(b) V=Axy% 

(c) V=Ar2 sint/>+Bn 

(d) VI: Art sin 8 cos t/> 
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30. Which of the following vectors can ~ an electric field? If 
so, what is the volume charge density? 

(a) E = a,x2,2i • 

(b) E=a(i,. cos 8-i. sin 8) 

(e) E=a(yi.-xi,) 

(d) E = (a/l"2)[ir( I +cos 41) +i. sin t/I] 

31. Find the potential difference V between the following 
sul"face charge distributions: 

-., - -,. 
, R, ,, • •••

• • R, •
• •

•• • • 

(.J (b, (cJ 

(a) Two parallel sheets of surface charge of opposite 
polarity ±uo and spacing 4. 

(b) Two coaxial cylinders of surface charge having infinite 
length and respective radii a and b. The total charge per unit 
length on the inner cylinder is Ao while on the outer cylinder 
is -Ao_ 

(e) Two concentric spheres of surface charge with respec­
tive radii RI and RI _The inner sphere carries a uniformly 
distributed surface charge with total charge qo- The outer 
sphere has total charg~ -qo. 

32. A hemisphere of radius R has a uniformly distributed 
surface charge with total charge Q. 

(a) Break the spherical surface into hoops of line charg~ of 
thick.ness R dB. What is the radius of the hoop, its height z', 
and its total incremental charge dq? 
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(b) What is the potential along the z axis due to this incre­
mental chargrd. hoop? Eliminate the dependence on 8 and 
express all variables in terms of z', the height of the differen­
tial hoop of line charge. 

(c) What is the potential at any position along the % axis 
due to the entire hemisphere of surface charge? Hint: 

dr.' 2.;;;+ii;!J[0 + In'J llt b 

(d) What is the electric field along the % axis? 
(e) If the hemisphere is uniformly charged throughout its 

volume with total charge Q, find the potential a~ctric 
field at aU points along the % axis. (HiDt: Jr.JzY +r2 dr= 
l(Z2+ r 2)312.) 

33. Two point charges ql and q'l. lie along the % axis a distance 
a apart. 

• 

" 
q, 

t 
' 
• /''----T'--------~y 

(a) Find the potential at the coordinate (r, 8. 41). 
(Hiat: r~ = r2+(aJ2)2-4r cos 8.) 

(b) What is the electric field? 
(e) An electric dipole is formed if q2 = -q l . Find an 

approximate expression for the potential and electric field for 
points far from the dipole, r »a. 

(d) What is the equation of the. field lines in this far field 
limit that is everywhere tangent to the electric field 

dr Ey 
--~-

rd8 E, 

Find the equation of the field line that passes through the 
point (r = ro. 8 = 7(/2). (Hint: I cot 8d8 = In sin 8.) 

34. (a) Find the potentials V .. V2 • and Vs at the location of 
each of the three-point charges shown. 
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" ~--~'~"'---, " 
• t 

p t , '" .. 
" '.1 

J::]:::::::o
~I 

(b) Now consider another set of point charges q:. 42. and q; 
at the same positions and calculate the potentials VI. V!. and 
V;. Verify by direct substitution that 

ql VI +q!V!+q, Vs - ql V: +q,:Vi +q, V; 

The gener-aliz~ result for any num~r of charges is called 
Green's reciprocity theorem. 

N 

r (q;Vi-qiV;)=O 
; .. 1 

(e) Show that Green's reciprocity theorem remains 
unchanged for ~rfect conductors as the potential on the 
conductor is constant. The q; is then the total charge on the 
conductor. 

(d) A charge q at the poim P is in the vicinity of a zero 
potential conductor. It is known that if the conductor is 
charged to a voltage V., the potential at the point P in the 
absence of the point charge is V,. Find the total charge q< 
induced on the grounded conductor. (HiDt: Let q. = q. 4,::: 
q... V2 =0,qi =0, V; = V~ Vi == V•. ) 

(e) If the conductor is a sphere of radius R and the point P 
is a distance D from the center of the sphere, what is q<? Is 
this result related to the method. of images? 

(0 A line charge A is a distance D from the center of a 
grounded cylinder of radius 4 . What is the total charge per 
unit length induced on the cylinder? . 

(g) A point charge q is between two zero potential perfect 
conductors. What is the total charge induced on each 
conducting surface? (Hiat: Try ql - q, q2·... q(, = 0), q, z< 

q(y=d), V2 =0, VS""O,q'l = 0, V; = Vo, V; =0.) 
(h) A point charge q travels at constant velocity Vo between 

shorted parallel plate electrodes of spacing d. What is the 
short circuit current a5 a function of time? 

++++ 
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Section 2.6 
35. An infinitely long line charge ,.\ is a distance D (rom the 
center of a conducting cylinder of radius R that carries a total 
charge per unit length A•. What is the force per unit length on 

the cylinder? (Hint: Where can another image charge ~ 
placed with the cylinder remaining an equipotential surface?) 

36. An infinitely long ~hcct of surface charge of width d and 
uniform charge density Uo is pl"ced in the 'JZ plane. 

d 

0 

,., 

" 
+ aody'd 
I x 

• 


,h) 
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(a) Find the electric field everywhere in the 1Z plane. 
(HiDt: Break the sheet into differential line charge elements 
dA ""uod,'.) 

(b) An infinitely long conducting cylinder of radius a sur· 
rounds the charged sheet that has onc side along the axis of 
the cylinder. Find the image charge and its location due to an 
incremental line charge element lTo dy' at distance ,'. 

(e) What is the force per unit length on the cylinder? 
Hint: 

JIn (l-c,') d,' = -( 
1~"~ [In (I -,,')- 11 

~7. A line charge A is located at coordinate (a, b) near a 
right-angled conducting corner. 

y 

, -, ,-, 
- ,-, ", • 

y 

.1-.110'• i• 
, -, , 

(.J (i) 

(a) Verify that the U~ of the three image line charges 
shown satisfy all boundary conditions. 

(b) What is the force per unit le ngth on A? 
(e) What charge per unit length is induced on the surfaces 

x=Oand,=O? 
(d) Now consider the inverse case when three line charges 

of alternating polarity ±A are ouuide a conducting corner. 
What is the force on the conductor? 

(e) Repeat (aHd) with point charges. 

Section 2.7 
38. A positive point charge q within a uniform electric field 
Eoi.. is a distance" from a grounded conducting plane. 

(a) At what value of x is the force on the charge equal to 
zero? 

(b) If the charge is initially at a position equal to half the 
value found in (a), what minimum initial vdocity is necessary 
for the charge to continue on to ,,;;a +oo? (Hint: E. = 
- dV/dx.) 
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(e) If Eo=O, how much work is necessary to move the 

point charge from x = d to x '" +co? 

39. A sphere of radius R2 having a uniformly distributed 
surface charge Q surrounds a grounded sphere of radius R I • 

• 

• ;.-----. • 

(a) What is the total charge induced on the grounded 
sphere? (Hint: Consider the image charge due to an 
incrementat charge dq = (Q/4Tr) sin (Jd8dtP at r= R2.) 

(b) What are the potential and electric field distributions 
everywhere? 

40. A point charge II locau~d a distance D (D < R) from the 
cc=nter is within a conducting sphere of radius R that is at 
constant potential Vo_What is the force on q? 

v - Yo 

R 

41. A line charge of length L with uniform density Ao is 
orientated the twO ways shown with respe"ct to a grounded 
sphere of radius R. For both cases: 



• 
t 

'. 

"do' 

L .. 

(a) Consider the incrementa.! charge element ..\0 dz ' a dis­
tance ra,. (rom the sphere center. What is its image charge 
and where is it located? 

J 
(b) What is the total charge induced on the sphere? Hint: 

<1<'..J"'iif+?= In (z' +JR'+z")
R +.t' 

42. A conducting hemispherical projection of radius R is 
placed upon a ground plane of infinite extent, A point 
charge q is placed a distance d (d> R) above the center of the 
hemisphere. 

t 
'f 

(a) What is the force on q? (HiDt: Try placing thrte 
image charges along the % axis to make the plane and hemi­
sphere have zero potential.) 

(b) What is the total chargc induced on the hemisphere at 
p a R and on the ground plane 1,1 > R? Hint: 

J rdr -1 
[r2 + d2)SI!-~ 
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43. A point charge q is placed between two parallel grounded 
conducting planes a distance d apart. 

t •i 

t====='='~·'=L-J 

(.J 

R, 

" , 

«J 

(a) The point charge q a distance /I above the lower plane 
and a distance b below the up~r conductor has symmetric­
ally located image charges. However, each image charge itself 
has an image in the opposite conductor. Show that an infinite 
number of image chargcl are nrcessary. What are the loca­
tions of these image charges? 

(b) Show that the total charge on each conductor cannot be 
found by this method as the resulting series is divergent. 

(c) Now consider a point charge q, a radial distance Ro 
from the center of two concentric grounded conducting 
spheres of radii R. and R t • Show that an infinite number of 
image charges in each sphere arc necessary where, if we 
denote the 11 th image charge in the smaJler sphere as q.. a 
distance b. from the center and the nth image charge in the 
outer sphere as q~ a distance b ~ from the center, then 

R, • 
q.+1 =-;;;q., 

" 
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(d) Show that the equations in (e) can be simplified to 

q..+I-q.._ 1 (:~)=o 

(R,)'b.+1 -b.. _1 Ra =0 

(e) Try power-law solutions 

q.. = A"", b.. =Ba" 

and find the characteristic values of A and a that satisfy the 
equations in (d). 

(f) Taking a linear combination of the solutions in (e), 
evaluate the unknown amplitude coefficients by substituting 
in values fOT 11 = 1 and n = 2. What are all the q.. and b.. ? 

(g) What is the total charge induced on the inner sphere? 
~ 

(Hint: L an=a/(l-a)fora<l)--, 
(h) Using the solutions of (f) with the difference relations of 

(e), find q~ and b~. 

(i) Show that L q~ is not a convergent series so that the _. , 
total charge on the outer sphere cannot be found by this 
method. 

G) Why must the total induced charge on both spheres be 
-q? What then is the total induced charge on the outer 
sphere? 

(k) ,Returning to our original problem in (a) and (b) of a 
point charge between parallel planes, let the radii of the 
sptJeres approach infinity such that the distances 

remains finite. What is the total charge induced on each plane 
conductor? 

44. A point charge Q is a distance D above a ground plane. 
Directly below is the center of a small conducting sphere of 
radius R that rests on the plane. 

(a) Find the fint image charges and their positions in the 
sphere and in the plane. 

(b) Now find the next image of each induced in the other. 
Show that two sets of image charges are induced on the 
sphere where each obey the difference equations 

R'.OR 
2R-",.' 2R b. 
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(e) Eliminating the b... show that the governing difference 
equation is 

I 2 I 
----+--~O 
q,,+) q.. q..-I 

Guess solutions of the form 

P.. =I/q,,=AA" 

and find the allowed values of A that satisfy the difference 
equation. (Hint: For double roots of A the total solution is of 
the form P" =(A 1 +A2 n)A n.) 

(d) Find all the image charges and their positions in the 
sphere and in the plane. 

(e). Write the total charge induced on the sphere in the 
form 

What are A and a? 
(f) We wish to generalize this problem to that of a sphere 

resting on the ground plane with an applied field E = - Eoi. at 
infinity. What must the ratio QID2 ~, such that as Q and D 
become infinite the field far from the sphere in the 8 = rr/2 
plane is - Eoi.? 

(g) In this limit what is the total charge induced on the 
~ I 

sphere? (Hint: L,= .".2/6.) 
.. _In 

45. A conducting sphere of radius R at potential Vo has its 
center a distance D from an infinite grounded plane. 
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l!J2 The Elutric Field 

v .. v~ _---_ 

• 
,£ ;~ 


q, ;. ;;. 
 ~ rr r 

• Q 

(., 

,.. 

v - Vo " 

. : , b~ ,~ • It,. " 
• • 

...b~... •....:. -=-vo 
~-

~ 

• D 

'" 
(a) Show that an infinite number of image charges in the 

plane and in the sphere are n~essary to salsify the boundary 
conditions 

q.._IR R' 
q·=2D 6.. _

1
' 2D-b.._ 1 

What are ql and q2? 
(b) Show that the governing difference equation is 

1 , 1 
----+-- - 0 
q..- l q.. q .. -+-I 

What is c? 



•• • 
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R, 

q~ . b~ 

~... 

rn 
(c) Solve the difference equation in (b) assuming solutions 

of the form 

P.. ,", l lq,. = AA" 

What values of A satisfy (b)? Hint: 

</2 -,j«/2)' - I 

(d) What is the position of each image charge? What is the 
limiting position of the image charges as 11; ~OCI? 

(e) Show that the capacitance (the ratio of the toW charge 
on the sphere to the voltage Vol can be written as an infinite 
series 

What are Co and .l? 
(f) Show that the image charges and their positions for two 

sphere5 o~y the difference equations 

• R2Il.. 
q .. =­D~b.. ' 

where we use the upper signs for adjacent spheres and the 
lower signs when the smaller sphere of radius R I is inside the 
larger one. 



(g) Show that the governing difference equation is of the 
form 

p ..+1 ~CP.. +P.._ I =0 

What are P.. and c? 
(h) Solve (g) assuming solutions of the form 

P,,=AA" 

(i) Show that the capacitance is of the form 

I • .' )C=Co(l-e2
) ( J_{I+J_t'A 2 +1_e4A,4+··· 

What are Co. e. and A? 
(j) What is the capacitance when the twO spheres are 

concentricsothatD=O.(Hint: L a" = I!(I - a)fora < I.) 
.. _ 0 
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