NASSP Honours Electrodynamics Part 1
Revision Example Set 1: Electrostatics and Magnetostatics : SOLUTIONS

Q.1. Potential V(x,y,z) = x%+ 2xy +yz® and E isminusgradV :

F—_pyy =—_ (v ovovy_ _ 3 2
E=-v= (ax,ay,az)_ (2x + 2y, 2x + 73, 3yz?)

—

= 0
Q.2. Gauss’sLaw: V-E =p/gy so p:gOV-E:go(aﬂ 9Ey %)

dx ay 0z
Here E = (x%4y2) &+ 29+ (x24+y2+22) 2
So p=¢ 2x+0+2z) =2¢)(x + 2)

OB, _ 0By 0By 0k, 0By 0k

) ) ) = (O for electrostatic field.
dy 0z 0z ox dx ay

Q3. V><E=(

() E=02+ 02+ 02 +2)9+ (2% +x)2

VxE=0-1,0-1, 0—-1)=—(1,1,1) #0 NO, not electrostatic

(i) E=y%+xP

VxE=0-0,0-0,1-1)=(0,0,0)=0 YES, could be electrostatic
Q.4. Inaregion containing no charge V must satisfy Laplace’s equation: V2V = 0

For V = A(x*+y?*+z?%) [0V/dx =2x , 0V/dy =2y , dV/0z = 2z]

w2y — 82V+62V+62V
© 0x?  0y?  0z2

Hence for this IV the region must contain charge.

= AQ2+2+2) =6A+0

Q5 V-B=2x4 %

0d . .
+22 -0 fora magnetostatic field.
dox dy 0z

(i) For B = (x24+y2) R +x ) —2xz 2
V-B=2x+0—-2x=0  YES
(i) For B = (x24+y%222)9 + (y2—22)2

V-B=0+42yz2—2z#0 NO

X y  Z

~ = d 0 d

Q6. A=3(y’t+x*)) and B=VXA=|5 % 2

3y2 3x% 0
—(20_2%222\s4(%3,2_92 0 54 (23,2_2973,2)2
_(8y0 6z3x )x+(6z3x 6x0)y+(0x3x 6y3y)z

=0-0x+0-0)y+(6x—6y)2 =6(x—y)2



X y z
. . —)_ - —>_ 1 —)_ i i i
Q.7. Ampere'slaw: VX B = puq/ so | = EVXB - ax dy 0z

Q.8.

xy+z> 0 x?%+y?
_ (9 (.2 2y _ 9 ) e 9 2y _ 90 2 27\ 0, _ 0 2y 2
—(ay(x +y°) aZO)x+(aZ(xy+z) ax(x +y))y+(ax0 ay(xy+z))z

=QRy-0)x+Q2z-2x)y+0—-x)2 = 2yXx +2(z—x)y—x2Z

2
We have to solve the 1D Poisson's eqn. V2V = ZTZ = — sﬁ with p constant.
0
Integrate: Z—Z = - sﬁx +A (A = constant of integration)
0
2
Integrate: V=- gﬁ% +Ax+B (B = constant of integration)
0
Boundary conditions: (1) V=0 at x = 0. Substitute = B =0
2
() V=V, at x=a. Substitute = Vy=—-2L4+4a = A=2422
& 2 a 2gp
2
Thus final solutionis vV = —£% 4 (@ + ﬂ) x o Vv=2@@-x)+2 or.
g 2 a 2gg 2¢g a
Now E, = —Z—Z = gﬁx — A from the first integration,
0
i —pr,_Y_ra — P _H_ N i
ie. E, = X T 2 or E, o (x 2) . (several ways to write both)



