HO 31 Solutions

1) Q=9.10 uC fixed at origin, ¢ = -0.420 uC and mass of 3.2 x 10* kg a distance r, = 0.960 m from Q.

2 (9.1 X 10"’c)(-0.42 X 10“"C)
096 m

a) U=k _9x10° Ncrzn = [-0.0358)
r

b) r=0960m r,=0.240m g loses potential energy and gains kinetic energy moving towards Q.

=9.10 uC =-0420 uC
Using Conservation of Energy: e s 1 s
) M) M)
N\ N\ Y
K +U =K,+U, x=0 x,=024m x; =096 m
" v=0
Qo
k%=lmv22+k% (K1=Osincevl=0) o) lmv22=k@—k%=qu 1.1
x 2 X, 2 X, X, X X,
,Zqu( 11 )
v, = | —|———
m \x x,
.2
oo x 100N (9.1x10°C)-042x 10°C)
C 1 1 m
v, = " - = 1259 —
32x107kg 096m 024m S
Check units:
kg'm. 2
2
. m?2 § q)c
NCrzn (C)(C) 2 ( )( )
2 1 2 1 2 .
vy ([=])(mss) +T(;) [=]{(mvs) +T(;)[=] (m/s)” [=] mis (units work out)

2) g, =-5.80uC fixed at x =0, g, = +4.30 uC moves from x=0.260 m to x = 0.380 m
q, =-5.80 uC g, =+430 uC
) M) M)
N Y Y
x=0 x,=026m x,=038m
4—
E,
(g, is moving against the field so the field does negative work)
949> 949> 11
W =-AU=-|k—=-k—=|=-kq,q,| — ——
Xy X X 4
L2
W=-9x10° M (-5.8x10°C)(43x10°C) L1 ) |02731
C 038m 026m
Check units:

w [-] N-m’ (c)(c)( 1 ) [] Nm[=] 7 (units work out)



HO 31 Solutions

HO 31
3) ¢q,=+5.80uC fixed at x =0, g, = +4.30 uC moves from x= 0.260 m to x = 0.380 m
q,=+5.80 uC g, =+430 uC
) ) )
Y (Y
x=0 x,=026m x,=038m
—
E,
(g, is moving with the field so the field does positive work)
449> 949, 11
W =-AU =-|k——= - k"= |=kq,q,| — ——
Xy X 2 X
2
W=-9x10° M (5.8 x10°C)(43x 10°C) Lo 1) 1y0273)
038m 026m
q;
o
4) g, =q,=q;=2840nC fixed on an equilateral triangle with sides of 1.00 m AN
1m // N1m
/ AN
Uk dD 09 44, 6, =k(q]q2 L 4s +q2q3)
i<j Ty U I3 T3 U hs3 3 qlo/_____l_n_l_____(\) 4
.m?2 [ (840 x 10°C)(840 x 10°C) (840 x 10°C)(840 x 10°C) (840 x 10”°C)(840 x 10°C
U=9x10° M ( I )+( I )+( I ) = [+0.01917J
Im Im I m

5) g, =840nC, g, = g; = -840 nC fixed on an equilateral triangle with sides of 1.00 m

Uk DD G, 4, 0t k(%% L4, qzqa)

i<j Ty Up) UE] Iy Up) UE) Iy
-m? (840 x 10°C)(-840 x 10°C) (840 x 10°C}(-840 x 10°C) (-840 x 10°C)(-840 x 10”°C

U=9x10° ( I )L I ) I )|-["o0063s3

1m 1m 1m

6.) q,=2nC q;=5nC q,=-3nC
* O O 0
x=0 x=10cm x=20cm

i<j r,'j

Uk DD 4, 4, 0, =k(q]q2 L4, qzqa)

Up) UE Iy P hs Iy

Ueorio N ,znz (2x10°C)(-3x10°C) (2x10°C)(5x10°C) (-3x10°C)(5x 10°C)

b.) ¢,=2nC ¢g;=5nC q,=-3nC
O @ O
x=0 X x=20cm

i<j Ty Up) UE) Iy

U=Sk 9:9; AL PRNAL (L ERMAL PL & =k(‘]|‘12 + 99 +¢]2‘]3)=0

Ut I3 I

+ + =|-72x1077J
02m 0.1 m 0.1 m
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,N-m?[(2x10°C)(-3x10°C) (2x10°C)(5x10°C) (-3x10°C)(5x 10°C)

9x 10 5 + + =0
C 02m X (0.2 m-— x)
6 10 -15 -6x(0.2 m- x)+10(0.2 m)(0.2 m- x)-15(0.2 m)x
——t—+——|=0 S0 =
02m x (0.2 m-— x) (0.2 m)x(O.Z m-— x)

(—1.2 m)x+6x2+0.4 m’ - (2 m)x—(3 m)x 0 and 6x” - (6.2 m)x+0.4 m’ o

(0.04 m?)x - (0.2 m)x? (0.2 m)x* +(0.04 m’)x

6x7 - (6.2 m)x +04m*’=0 x=0.0691 m|or x=0.964 m (mustbe between the charges)

7) g, =+7.50 uC Q L=FOms
q,=+7.50 uC 9
m,=2.00¢g T
a0 T NN ROTRI SRS

vy, =220 m/s
a.) when r, =0.500 m find v,
Conservation of Energy

K +U =K,+U,

%mvzi2 + kD92 =lmvzf2 kD2 gpg lmvzf2 =lmv2i2 D 99
I 2 T, 2 2 n T,
2 11

) =\/vz_z+ﬂ(___)

/ Coom \n o

. 2
2(9 x 10° NCT )(7.5 x 10°C)(3x 10°C) 1 1

v, =1/(22 mss)’ + . ( - ) 182 2

s (2x 107 kg) 08m 05m s

b.) closest when v, =0

K +U =K,+U, or lmv2,2+kM=kM
2 1

h n
2 2
l= my,, +l= mv, r, +2kq,q, and r, =%
r, 2kqq, 1 2kq,q,1, mv,. " +2kq,q,
9 N-m’ 6 6
29%10° =5 (7.5x 10°C)(3x 10°C)(0.8 m)

= . =[0275m
(2x 107 kg)(22 mss)’ (0.8 m)+ 2(9 x 10° N )(7.5 x10°C)(3x10°C)

C2
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Check units:
kg'm »
2
N-m? : (C)(C)m)
Q) c
r[=] o [=] TP [=] m (units work out)
(ke)(mss) (m) +| = 3 (©)(C) 2 2 "
C (kg)(mis)*(m)+| — 5—(C)(9)
r=0.750 m
48 V)(0.75
v=agov v q=%=M ~[4x10°C = 4ncC
' (9 x 10> " )
C
Check units:
J N-m
v c™ e ™ ~
q[=] . [=] N2 [=] N [<]C  (units work out)
CZ CZ CZ
E
~ d=500cm
: i4——0 ¢q=430nC v,=0s0 K;=0
K,=25x10°7

a.) Work Energy Theorem W = AKE

W=K,-K,=|25x10°17

%
b) W=-AU and Av=2Y ¢ ay-22X10J

- =-581V
q 43x10°C

AV=V,-V, =-581V so [V,-V,= 581V

c) W= F -d = Fdcos8 (the field is uniform so the force is uniform)
W=Fd (the force of the field F and the distance moved d are in the same direction, 6 = 0)

W = gEd (This is how E is defined)

6
Wegkd so E=wo ZIXI0T 146,000 Y
gd (43x10°C)0.05m) m

Check units:

E[=] 2 [=] % (units work out)



10.)

b.)

c.)

d)

HO 31 Solutions

E =500 x 10* N/C

o
q=37.0nC

W = F -d = Fdcos® (the field is uniform so the force is uniform)
W = gEdcos6

moving 0.45 m to the right 8 = 90°

W = qEdcos6 = (37 x 10°c)(5 x 10* g)(0.45 m)cos(90°) = 0 |

moving 0.67 m downward 6 = -180°

W = qEdcos6 = (37 x 109c)(5 x 10* %)(0.67 m)cos(180°) =

moving 0.58 m upward 6 =0°

W = gEdcos = (37 x 10"c)(5 x 10* g)(o.ss m)cos(0°) =

moving 2.60 m at an angle 45° upward from the horizontal 6 = 45°

W = gEdcos6 = (37 x 109c)(5 x 10° %)(2.6 m)cos(45°) =[3.4 x 10°7 |
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B

a QO Ae Q «

<“— 0.100m —

g, = +6.80 nC
q,=-5.10nC

L2 2
(9 x 10° Ncrzn )(6.8 x 10°C) (9 x 10° Ncrzn )(-5.1 x 10°C)

ay v, -k K, + = |+306V
T, 05m 05m

h

Check units:
N-m?
CT <C) N'm J .
Vi [=] - [=] c [=] e [=]V (units work out)
. 2 . 2
9x10° M (68x10°C) [9x10° N-m (-5.1x10°C)

b) V _ﬁ+&_ C " C _IZI
Py 0.08 m 0.06 m

c) W =-AU=-q,AV =—q,(V, - V,) = (2.5 x 10°C)(306 V-0) =[ -7.65x 1071
d) W =-AU =-g,AV = —q,(V, - V,) ==(2.5 x 10°C)(0- 306 V) =
¢) W =-AU ==g,AV =—q,(V, -V,) =~(-2:5 x 10°C)(306 V-0) 4 765 x 107 |

y
2.) I Must consider 3 cases. (At each charge there will be an asymptote.)
-9 a 1) -a<y<a
» 2) y>a
g é-a 3) y<-a
a.)
Case l: (-a<y<a)
y — -qla+y)+qla-
V=§@=k( 9, 4 )=k gla+y)+q(a-y)
r\a-y a+y (a-y)(a+y)
y
’ R V_k—qa—qywa—qy)_k( -2qy )_ ~2kqy
X - - T 2 2
rea+y (a-y)a+y) (a-y)(a+y) (a -y )
q G - X..... o
V= £ (a<y<a)

b?-a)
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Case2: (y>a)
y : _ _
gt et
y ........ A ........ r ...=y_a r y_a Cl+y (y_a)(a+y)
_q a .............
. V=k—qa—qy+qy—qa)=k( ~2qa )= —2kqa
rmaty (y-a)(a+y) (y-a)y+a)) (y*-a)
q 0-aNe
V=ﬂ (y>a)
(v -a?)
Case 3: (y<-a)
Y V=Eﬁ=k[ —4q + q J=k[ —4 + —4 )
l e P ) M (MO
-q aA .............
r=a-y V_k—q(a+y)—q(a—y))_k(—qa—qy—qawy)_k ~24a
» = = - 2 2
(a=y)(a+y) (a=y)(a+y) (a*-y?)
q Q-Q | g
=-(a+y)
y : tr ary V=ﬂ (v < -a)
(v*-a?)
\%
A
4a
-4a -a a y

The potential approaches infinity from either side at the location of the two charges. It is zero between the charges
at x = 0. The potential also approaches zero for x =+



c.) revers

ing charges

Case l: (-a<y<a)

A
a-y a+y

da+ﬂ—qw—yj

(a-y)(a+y)

W+w—w+w)

HO 32 Solutions

Case 2: (a<y)

V=44t -qay+qa

A
y-a a+y

g(a+y)-q(y-a)

(v-a)(a+y)

|

|

Case 3: (y<-a)

da+ﬂ+qw—yj

(a-y)(a+y) (v-a)(a+y) (a-y)(a+y)
__2kqy __ 2kqa _|ga+qy+qga-qy
V_(az_yz) 4 (yz_az) V=k (az_yz) ]
__—2kqy __—2kqa
e )
1%
A
4a
_4'a —a a >

Mirror image of the previous part.




3) R
q 2g
o ° >
a.)
Case1: (O<x<a)
e
q 2q
I) O_»
> a X
r=x
r=a-x
Case 2: (x>a)
e
q 2q
O O—o»
a X
>
r=Xx r = Xi-
«— )
Case3: (x<0)
e
q 2q
o
«—> 2 —;
S

HO 32 Solutions

Again must consider 3 cases: (At each charge there will be an asymptote.)
1) O<x<a
2) x>a

3) x<0

vk, k(i+ _%q ) - k(q(a—(x)_— )2qx)

e

Y k(i+ _%q ) - k(q(x—( a)_— )2qx)

) e

— - -g(x—-a)+2
V=2ﬂ=k(i+ﬁ)=k(_q+ zq)=k( ox-a) qu
r -Xx —x+a ¥ x-—a

V=k

—gx + ga+ 2qx qa+ qx
=k
x(x - a) x(x - a)

x(x-a)




HO 32 Solutions

b.) v,
a x;
c)
forO<x<a: V=M=O when 3x-a=0 or x=2
x(x—a) 3
kq(x+a)
for x < 0: V= =0 when x+a=0 or |x=-a
x(x—a)
d) forx>>a
V=M (X>Cl)
x(x—a)
V=—kq(x+a)~—kq(x)= —kq
x(x—a) xx) X

(Looks like a point charge with g, = (-2g + ¢) = -q.)
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4.)
y=0 F+ + + + + + 40
E
y2=52X 10731’1’1 Y A Y Y A -o
For a sheet charge E = g and is directed away from (+) sheets and towards (-) sheets.
4 %% y

E-E+E -2+ 9 _ % _ eoXN
e, 2e, &, C

N o i

a) V, -V, =-[E.dr so V.-V =—[Edy=-[—dy=——/[dy=—-—1y
Y2 2 Co o N2 o v,
o
Vo=Vo==—(n=3)=—(0-»)

V,-V. =670 g(o.oosz m-0)=34.84V

Check units:

[=] \% (units work out)

2
by E=Z 5o o=E£0=(670 g)(8.854x10"zc—)= 593x10° -

2 2
N-'m m

5)

forr>R

r ¢E . dA = qem‘losed
&
E4m*=2 and E-—2 -
€ 4me r

o

Total charge Q so p =

2 0 30
v o4
3

- 7 T 4R’

Integration starts at r = oo (where V = 0) to a point r which is outside the charged sphere.

o © 0 Q0 r1
V-V =-[Edr and V -V =- dr =- —dr
o { ' ' £4n£0r2 4me £ 2

=
4me r

r>R)




HO 32 Solutions

Forr<R

¢ E . dA = qenrlosed

80
5] 2+
Fam? 2PV _\47R*\3 _Rr
80 80 80
__or
47 R’

Integration starts at 7 = R to a point r which is inside the charged sphere.

Q

whenr=R, V.= Aze R (using expression for the potential outside the sphere when r = R)
e,
a _. . r Qr Q r
V-V, =-[Edr and V -V,=- dr=- rdr
o { roor £47r60R3 4m30R3£
o o rf_ o (PR
" 4me R 4me R 2| Ame R\ 2 2
0 0 . 0 p
4me R 8me R’ 8me R
e @ .0 0
8me R 8me R 4me R
2
Qa0 0 [y ) g
8me R 8ne R 8me R R

Notice that there is continuity between the expressions for potential when r = R.

V(r<R)=-—2 g4 2 __ Q 30 20 _ 0 _
8me R 8me R 8ne R 8me, R 8me R 4me R

VR(r>R)
V oa

30
8me R

4me R

v



HO 32 Solutions

ittt

A ,.
N A=4.00x 10" C/m
- \—'l_lllllll r;=18.0cm
/’ q=160x10"C

m=167x 107 kg

¢E . dA - D enclosed V= 2.50 x 103 m/s

£

o

E2m’L=)L—L SO E= A

£ 2me,r

o

K +U =K,+U, or K +qV,=K,+qV,

At closest approach, the velocity v, =0 and K, = 0.
1
Ki+qVi=Ky+qV, so —mv’=qVy-qV,=4(V,-V)

A nl

V.-V, =-[E.dr ) V2—V,=—f2Ldr= [ —dr
b 5 2TE T 2me, w1
N ) B}
V,-V = Inr| = Inr| = Inr, = Inr.
2 e, }r 2me, }r 2me, ( : 2)
T h{’—')
2me, \rn,
| gA r
mv, =qglV,-V )= In| =~
1 q( ? 1) 2me, (rz)
2
TEMMV _nl and exp| M1 n
q)“ r, q)h r,
r, = d 5
exp e my,
qA
2=4.00x 102 C/m r, = 0.18 m
ry= 18.0 cm -12 C2 27 3 2
4=160x10"C n(8.85x10 < (1 67x10 kg)(2.5x10 m/s)
m=1.67x 10%" kg exp C
v, =250 x 10° m/s (1 .6x10'19c)(4x10'12 )
m

r,=0.11m




7)

HO 32 Solutions

Looking at a cross-section of the cable:

X
S5

+A

The inner cylinder is a conductor so all the charge +A will be on its outer surface.

Since the outer cylinder is also a conductor a charge -A will induced on its inner surface
due to the field of the charge on the inner cylinder. Since the net charge on the outer
surface is zero, then there must be a charge +A on its outer surface. The electric field
between the cylinders is due to the charge on the inner cylinder only. Using a
cylindrical surface radius r and length L:

¢ E . dA - qem‘losed
E

o

E2m’L=}L—L SO E = A

£ 2me,r

o

and points radially outward.

The potential differenceis: V, -V, = —afE dr
b

Va—Vb=—} 2 dr = —* }ldr
b 2TTE T 2me, b ¥
}L a b
V. -V, =— lnr} = lnr] = (Inb - Ina)
2me, , 27, e,




1)

2)

HO 33 Solutions

2

0
f N\ g = ads = AadB (A=
a
0

P o X
av -k _ 44
r a
vk k4 ko
a a
vk _ Ama A
a 4mea  4e,
y
0 r=x*+a?
a
[0 X Vx
z
dg dq
a) av =k _k
r Vx*+a®
dq k k
V=[k = Jdg=—=0
Vxl+a® Axt+d? *+a
V= ! Q

0

Ja

|

b.)
ox % v O v 0
E, = V, -V, =-fEdv=-[k dv=-[k
(x2+a2)% 5 X * I x2+a2)% * X 2(x2+a2
V. -V =—k—sz(x2+a2)_%(2xdx)=—k—Q(x2+a2)] /2
o2y —yz x
sz - VX1 =kQ 1 7 - ! 7
x22+a2) 2 (x12+az) 2
_ - _0-= R P S _

2
Xy
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3) V,-V, = —afE.df and get E using Gauss’s Law.
b

$E-dA = enctosed  an for spherical Gaussian surfaces ~ E4ar’ = Genctosed

£

o
q ‘ E - qem‘loxed
‘ de, 1’

N7

Integration starts at r = oo (where V = 0) to a point r which is outside the charged spheres.

q
4e, 1’

a-) for r> CyYGenclosea=1q —q+q=¢q and E=

V,—Vw=—} 4 _gr--14 }der

dge, 1’ dme, % r
r -1 '
Vo0 frgpa 4 4 (1L
dre, = dme, (-1)|  4dme \r o
V. = 9 (r>c) so |V, = 9
4me r 4me c
0 .
b.) forb<r<c,Gueuea=+q—q=0 so E= > =0 (inside a conductor)
4me r
V.-V.=—[0dr=0 and V =V,
V. = 9 (b<r<c) so V, = cl (a conductor is an equipotential surface)
4me c 4me c
- q
c) fora<r<b,quuwa=+q so0 E= 5
4me r
r q q r l
V-V, =- dr =- —-dr
o { 4ge, 1’ 4re, { r?
4 4 g 4 | g (11
" dmec  4dme, 4me, (-1) , 4me, \r b

V=L(l—l+l) (a<r<b) so Va=L(l—l+l)
b ¢ o b

d) forO<r<a,quuiea=0s0E=0 (inside a conductor)

V.-V, ==[0dr=0 and V, =V, (0<r<a)

vy -—2_ (l 1 + l) and |V, = 9 (l 1 + l) (a conductor is an equipotential surface)

£

o
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4) Q

V, -V, =-[E.dr and get E using Gauss’s Law.
b

$E-dA = enctosed — anq for spherical Gaussian surfaces ~ E4ar’ = Genctosed
€

€ o
E = qen(‘loxed

For r> 2R, Guneiosea= Q@+ 0 =20 and E= 20 5
4me r

Integration starts at r = oo (where V = 0) to a point r which is outside the charged spheres

© 20 20 -
V-V, =- dr=-——%_1"1ar
T £47r80r2 47e, ir

, -1
V0m 20 g 20 } 20 (1 1)

dre, = 47e, (-1)

V. = Q (r>2R) so Vy,= Q
2me,r

fOr R<r< 2R’ G enclosed = Q Y E = Q

dme r
0 1
V.=V =- dr=- —dr
2fR47rsr 4Jrsozf1er2
r -1 "

v 2 __Q fy 2 | 2 (1 1
dme, R 4me, 3k dme, (1)), 4me,\r 2R
yo 2 (. ty, ¢ ogqt t 1) o1, 1

4me, \r 2R) 4me R 4me \r 2R R) 4me \r 2R
so Vp= Q 1 L 0 2+L and VR=3—Q
4 e, R 2R 47r£ 2R 2R 8me R
30 Q 30 20 Q
V=V = - = -

8me R 4JrsoR_8mzoR 8m30R= 8me R

Since we are only looking for the potential difference between the outer and inner spheres and not the value for the
potential everywhere, we really only need to look at the field between the spheres

0 &1
V=V =~ f =__f_2dr
w4 e, r’ 4me, 1
R - 1" 11 2 1
Ve=Vyp=— 0 [rdr=- 0 r et e (2 1
47ie, 3k dme, (-1)], 4me,\R 2R) 4me,\2R 2R
0
V,-V.
2" 8me R




HO 33 Solutions

5)
a.) Yy
dq=Adu=gdu
u a
P
iﬂqa g av - k94 _j _2du
I‘i > . r (x-u)
roa V=}k Adu =k)»} du =_k)j —du
o (x-u) w(x—u) «(x—u)

V=-kA ln(x - u)]i = —kA(lnx - ln(x + a)) = k)»(ln(x + a) lnx)

RPN L) SN IV S G (x> 0)
X 4re,
b.) R
r=qu’+y’ y dg=Adu==du
dq
—a —» X v = k94 _
i A I
u
0 0
Adu _kA[ du

0
___ ln(u+1/u2+y2)]

Y

V= kA 10{0++/07+ y? |~ In[-a +fa? + y? )| = kAT —— L
(oo e )i

Aside: (for fun) let x = y tan@ and dx = ysec’6d6
y sec’0d0 y sec’0d0

=/ =/

(tanze + 1) yw/sec 0

2
sec”6 +secH tanO 40
secH + tanf

= [secOdO = [ sec (w)de =f
secO + tan0

\/x +y

2
sec’0 +sec tanf )d@ = 1n(tan6 + secH) +C

tan6 +secH

2 2
since tan@ = = and sec6 =1+ tan’6 = 1+(£) In(tan® +sec6)+C =1In Ly 1+(£) +C = ln(—+—w[y +x )+C
y y y y oy

|

x4y +x°

y

+C=ln(x+1[y2+x2)—ln(y)+c=1n(x+ﬂy2+x2)+C' where C’=—1n(y)+C

i ln[
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dr
dq = odA
dA = 2ardr
> x dq = o2nrdr
a.)
dV - kdq koZmdr
d xt+rt
R o2mrdr R Drdr Y
V=[k—= =komw[(x"+r 2rdr
Sk o = kon [ = = kon| (5 +r)
1 R
x2+r2/2 | |
V= k(m(T) = 2k<m((x2 +R2)A —(x2 + 02)A)
2

0

V= 2k(m((x2 +R2)y2 - x) = 2k07r(1/x2 +R* - x)

L 20T ([ ) (R

4 e R 2me R
=3 QRZ (VX2 +R* - x) (for points on the x-axis)
e,

Note that when x — © V= 0 (\/x_z—x)= 0 (x—x)=0

27e R’ 27e R’
b.)
g4V
dx
Er=—i 0 2('\/x2+R2—x) I zi((1/x2+R2—x))
) dx \ 2me R 2me R” dx
E -- 0 2x “1lev 0 i X 1
27e,R* \ 24/x + R 2me,R* (/x> + R

(This is the same result found in class using when finding the electric field of a uniform disk for points on the x-axis.)



HO 33 Solutions

7.) The electric field outside a conductive sphere can be obtained using Gauss’s Law.

$E-dA = enctosed g d for spherical Gaussian surfaces Edmy? = denctosea.
€, €
E= %L”’“‘é = Lz for both spheres
dmer”  4mer
a.)
To get the electric potential: V,-V, = —af E.dr
b
Integration starts at r = oo (where V = 0) to a point r which is outside the charged sphere.
T Q Q r]
V-V, == dr =- —-dr
g £ 4me r’ 4me £ r?
r -1 '
vo0-- g2 | 2 (1. 1
dre, = dme, (-1)|  4dme, \r o
__ 9
V, = for both spheres
4me r
For smaller sphere at the surface r = R and Ve = %
4me R
For larger sphere at the surface r = 3R and Vig = %9 __9%
4me 3R 12me R
The electric potential is the same for both on the surface so ~ V, =V,, and
% 9 g L AR 1
4me R 127 R 0, RmaeR 3
9 _ 1
0, 3
b.)
For smaller sphere at the surface r = R and E, = O > =E;
4me R
For larger sphere at the surface » = 3R and E, = 2 > = Q >=E,
47e,(3R)” 36me,R
Op
2 2
Since Qs = 1 it follows that £y = 4 R = % 36H€°R2 = 1 (2)
0, 3 E, 0, Q, 4me,R*  3\1
367¢ R’
Ey _4




8.)

HO 33 Solutions

a.)
r 3
A=o|=
plr)=r.[2]
V, -V, = —afb:.df and get E using Gauss’s Law ~ E4mr® = Genctosed.
b So
E - QBI‘I(‘l()SFdZ
4me r
(r>a)
Outside the sphere the field is due to the entire charge.
Qonctosed = Dot = J p( ) this is more difficult because charge density is a function of r
for a sphere: V=%er3 S0 C;—V=4:rr2 and dV = 4r’dr
r
The total charge is: G =S P(r)dV = [ po( ) dsor’dr = f p" rdr
4np0 4ap, r° * 4mp, (a’ 4mp,a’
Grotal = f d 3 | T 3 | £~ 0]= 3
a % a> 6| a 6 6a
2mp.a’
qtmal = L
3
(2er0a : )
3 3
Therefore: E= qe’“""“‘; = = Pod >
4re r 4me r 6¢,r
Integration starts at r = oo (where V = 0) to a point r which is outside the charged sphere.
V. - fp" dr—— }iz =-1> fr'zdr
% 68 r © 68 3
" 3 r 3 3
v 0= Pl [T _pea” (1) poa’ l_i)=Po_“(l_0)
6e, | -1 6e, \r)| ~ 6g, \r 6e, \r
Pol’
V.==2 (r>a)
6¢,
(r<a

Inside the sphere the field is only due the portion of the charge that is enclosed by the Gaussian surface.

3
q€nclosed = fp(")dv = fpo(i) 4J‘n‘2dr = f 4nfor5dr
0 a 0

a

Denctosed = 3
enclose a 3 6 6(1

4 4mo 11 amp (r 47p r®
Do f g /300_} _ po(__0)= 0,
0 a’ 6 0 a



HO 33 Solutions

6
2J'Cp o
qencloxed = 3
3a

2mp,r° )

3
E = qenclosed - ( 3a
dmer®  Amer’

Using Gauss’s Law:

4
E=% (r<a)

2
= po_a) to a point r which is inside the charged sphere.

3
. a
Integration starts at » = a (where V, = LA
6e,a  O¢

, 4 ,
V-V, =-f Bl gy = p"}fr“dr

. 6e,a’ 6e,a’
o (PN e [P @
" 6 6e,a’ \ 5 6e,a’\5 5
Vel P [P @) pa’_ py(r a a|_ p [ a
" 6ea’\5 5] 6e, 6e,\5a° 5 6e,\5a° 5
5 2 5
V,——p" r_} ba”\__ P - 6a’
6¢, \ Sa 5 30¢e, \a’
5
V,=& 6a’-—| (r<a) Atr=a Va=& z_a_g =B (6a2—a2)— Lo g2
30¢, ’ 30¢, a 30¢, 6¢,
b.) v A
Po 2
Se, ﬁ
Py 2
6¢,
>

a4




