ENEE 380 Spring 2003. Homework #2, 2/18/03
Due 2/25/03
(1) Cheng Problem (3.17)

(2) A charge of 1C is uniformly distributed in the zy plane between —1 < z < 1 and
—1 < y < 1. Calculate and plot the electric field in the z-direction as z varies from 0 to
1000m.

(3) In Question (2) How far up the z-axis do you need to be before the field can be
calculated within 1% accuracy by treating all the charge as if it were at the point(0,0,0).

(4) Cheng Problem (3.20)

(5) One type of quadrupole is an arrangement of 4 charges of magnitudes +q. -q, +q, -q
arranged at the corners of a square. The spacing of the charges is negligible compared to
the distance to an observation point where the field is measured. Derive expressions for the
potential distribution from a quadrupole and thereby the various field components. Plot
the equipotential surfaces in the plane of the quadrupole, and in a plane perpendicular to
the plane of the quadrupole passsing through the center of the square where the charges
are located. Plot the radial electric field variation in the plane of the quadrupole.

(6) Repeat (5) for a linear quadrupole, where the charges are +q, -2q, +q arranged in a
straight line
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(2),2(3') The field in the z-direction is

(1 1 ,

E, = dxd
Z. 3 Y

(2 2 2)2
4\x" +y +z
—-1Y=1

The field only points in the z-direction because of the symmetry of the problem,

but during the integration the z-component of each contribution to the total field must be
found by using the cosine of the vertical angle between the line to the charge element at
dxdy and the z-axis

z:= 0.001,1..1000

1 1
E(z) = 3 dxdy

2
4-()(2 + y2 + 22)
-17-1

Assuming that the sheet of charge can be treated as a point charge

1
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Test different values of z

0.1
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E(2)-El(z)
El(2)
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For z>10 the result is within 1% of the correct value if the charge is assumed to
be a point charge of value 1C



ENEE 380 Problem Set #2, Problem (5)
In plane potential surfaces of a square quadrupole

0:=0,001.2m

V= 3-qdd-sin(6)-cos(9) qdd is strength of quadrupole
4-n-80-r3
gg= 1
Change to a scaled system of units to avoid big numbers
qdd =1
i=1,2..10

Voo vV ) Choose both positive and negative numbers to see full equipotential
=1 = 1

! i pattern
: 1
_ | :
r(6) = 3-qdd-sin(6)-cos(8) 3 rol0) = (3'qd;1-sm(61-/cos(6)j
47580\/1 nso 10
1
1 e
~ | :
o(0) = 3.qdd.sin(e).COs(e) 3 20(9) _ (3'qdd'sm(9)'°°5(9)j
2 4-1r-go-\/'\/1 4'“'80-\/\/10
0.6
0.4 |- \
02 e e

r1(0)-sin(0)

r1o(9)-sin(0)

0 T M \\M =
r2(9) . Sm(@) / '\'z‘. WMK\V
r20(6)-sin()

.

—0.6 ~0.4 -0.2 0 0.2 0.4 0.6
11(0)-cos(8),10(0)-cos(8),1,(0) cos(9), 170(0)-cos(6)

Some examples of equipotentials in the plane




9-qdd- sin(@)-cos(@)
Er=

Radial Electric Field Strength
4-n-80-r4

in terms of x and y coordinates

i:=1,2.100
j=1,2.100
2 =-1+(G-1) =

x =1+ (-1)y— i 1759
1 9

9-qdd-xi-yi
Er. .= -

i,]

Rl

Er, i l“(Eri j) Take log to make plots look better

Log of Radial electric strength in the plane of the quadrupole

Er



Numerical Approach

— 4
x| = 10—4 yi:= 10
— 4
xp=10 " y2:= 10
-4
X3 = ~10~4 y3:= —-10
A Charge magnitudes and locations
Xq = —10-4 ya:=10
8
qq = 108 qp = ~10
8
a3 = 108 q4:= ~10
x:= 0.1,0.11..1 y:= 010101
q1
Vi(x,y,2) = ;
2 2 2 E
4'n-so-[(x - xl) + (y - y1) + (2) ]
q2
Va(x,y,2) = ;
2
2 2 2}
4'n'30'[(x ~x) +(y-v) + @ The four contributions to the
total potential
q3
V3(x,y,2) = ’
2
2 2 2
4-7I~80'[(X - X3) + (y - y3) + (z) ]
94
Vy(x,y,2) =

1

2
4-77:'80-[()( - X4)2 + (y - y4)2 + (2)2]

V(x,y,2) = Vi(x,y,2) + Va(x,y,2) + V3(x,¥,2) + V4(x,y,2)

1
X =0+ (i)
; ()99

1
=0+ () —
Y; 0)] %

b, j= ln(V(xi,yj,O))



tials in xy plane
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Log of Potential Function in first quadrant of xy plane
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Equipotentials in the xz plane



(6) Linear Quadrupole

6:=0,0.01..2n

R:=0.01,0.02..1

2
ve—3>1 i.dz.sin(e)z 4

4.m-gq R3 R3

Change to different scaled unit so that

2
-sin\@) -1
V(R.8) é__s_lig__
R polar plot of potential function
V(0.1,6)
V(0.2,0)
V(0.5,8) 180
V(1,8)
270
0
i=1,2..10 vy —-4.999 + i
j=1,2..100
1
3
2
3-sin(0;)) ~ 1
)



Examples of some equipotentials

0.5~ -
-1 | | | | | | |
~-0.8 0.6 —0.4 —0.2 0 0.2 0.4 0.6 0.8
R} ’J'-COS(Bj) 5 R(z,j)-COS(E)j) , R3 ’j'COS(ej) N R9J~C()S(ej) , RlO,j' COS(GJ‘)
-3 ( (2 )
Radial electric field ER(R,0) = 3 sin(6)” -1

R

ER(0.1,0)

ER(0.12,08) 180




270

Alternative Numerical approach: set up 4 charges and draw equipotentials

i=1,2..100
j=1,2..100
yl:=10 6
Location of charges
y2:=0
y3:=-10 6
X, 1= —— — 1 y. = J 1 different measurement locations
o100 199971 100 1.999

2 2 X, =X

R = () + (5 91) 0= %

R = J (5 ()
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