ECE 329 Homework 1 — Solutions Due: Friday, August 29, 2025, 4:59:00PM
1. Consider the 3-D vectors
A = z+3y—2z2
T+9y-—2,
C = —2439+2¢z,

os]
I

a) The vector
A-B+3C=-32+11y+52

b) The vector magnitude

|A —B +3C| = /32 4+ 112 + 52 = V155 ~ 12.45

c¢) The unit vector
A+2B-C = 42+2j—62

U=

~ 0.53% + 0.27§ — 0.80%

d) The dot product

AB=B-A=(i+3)-22) - (34+9—-2)=1x1+3x1+(-2)x(=1)=6

e) The angle 6 between A and B can be found by using properties of the dot product.

A -B=|A|B|cos#t

A] =12+ 32+ (-2)2 = V14

Bl =12+ 124+ (-1)2=V3

A-B=1)1) +@)) +(=2)(-1) =6
A-B 6

w

= = cosf
[AlB[ V14v3
6
—1 o
= cos =22.21
STV
f) The cross product
BxC=-CxB = (&+9—2)x(—-2+3y+22)
Ty Zz
= 1 1 -1
-1 3 2
= BT —y+4z

g) Since B-C=—-1+3—-2=0, B and C are orthogonal.
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2. We know@; = —1C, and Q2 = +1C. The electric field at the point Ps is the superposition of those
induced by @1 and @2, namely

2

Qi r3 —Tj
Eg3 = .
3 ; Admeglrs — ri|?  |r3 — 1y
T -
S Y
D i T WY T —ap
-2
= r(V .
47T€093( /m)

—1.798 x 10'%% (V/m).

Q

The electric field at the point Py and P5 can be obtained in a similar way

2

Qi ry—rj
Es = .
4 ; 471'80‘1‘4 — I‘i’2 |I‘4 — I‘i|
z T
(=3) reoigaf T Y Tl
2
= z(V/m).
e (V/m)

~ 7989 x 10% (V/m).

2

Es — Z Qi s Ty

i1 47760’1'5 — I'i|2 |I‘5 — I‘i|
3

- (-1)— =T~ S A
( )47r€o\—2+§:\3+ Admeg| — 2 — &
-1
= z(V/m).
4regV/2 V/m)

—6.355 x 10°2 (V/m).

—Z4+ —-Z2—-Z

%

To find the force F experienced by a charge @@ = 2C' at the origin, simply evaluate F = QEg, since
E3 is the static field at the origin generated by Q1 and Q3.

F = QE;

F =2C - —1.798 x 10'°2 (V/m) ~ —3.5950 x 101" N.
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3. In the three cases, we have the same E and B at the origin, but different v. Thus, we have different
F. In each case, v and F must satisfy F = ¢ (E + v x B). Therefore, we have the following three
equations

2-9 = E
F2—E = —23) = V2><B
F3—E = SAU—g—ZA’ = V3><B

Assume that B = B,2 + Byy + B2, we obtain

E = 2z—9
B, = 0
_2B$.7; = _2.7;
(z—9—%2)-B 0
Then
B, =0
B, =
B,—B, = 0
Thus

B, =0
B,=B, = 1

In summary, E = 2% — ¢ (V/m) and B = 2 + 2 (Wb/m?).
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4. Consider a scalar field

V=249 +2°

a) To find the gradient VV/,

vv =l g 0V
- T oz y@y 0z

=228 4 2yy + 222
b) To find VV at (1,2,3),
VV(1,2,3) = 2(1)é + 2(2)§ + 2(3)2
=22+ 49+ 62

¢) The gradient of a function is a vector field in which every vector points in the direction of the

rate of greatest increase. In our case, VV points in the direction where V has the greatest rate
of increase at (1,2,3).

5. Consider a vector field

E=2zy+gyz+ Zzx
a) To find the divergence, V - E,

oE, O0E, OF
E = T Y z
v ox + dy + 0z
V-E=y+z4+z=y+z2+2

b) V-E at (1,1,1) = 3 by inspection of the result in part a).
c¢) To find the curl, V x E,

T g 2z
OE, OE 0E, OF 0E, OE
VxE= & 5 &|=i(G0 -5 il - ) H At - )
E, E, E. oy 0z 0z ox ox oy

=20 —y)+9(0 — 2) + 2(0 — z)

—yT — 2y — 2
d) By definition, V -

(V x E) = 0. Using the definitions of divergence and curl,

v g 0B 0B, OE

oz + oy + 0z

. OE, 0E, . OE, OF, _O0E, O0E,

VXE_x(ay 8z)+y(3z atz(ax 8y)
0 0E, OE, 0 0E, OF, 0 0E, OE,
v.(VXE)iax(ay 8z>+8y(8z 8x)+8z(8x 3y)

2 2 2 2 2 2
v‘(vXE):ﬁEz_aEy 0°E, O°E,  0°Ey, O°E,
Oxdy 0x0z Oydz Oydxr 0z0x 0z0y
Since ag—ay = %;w by Clairaut’s Theorem, V-(V x E) = 0.
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e) To find f(%{b{bl))E - dl along the path (0,0,0) — (0,0,1) — (0,1,1) — (1,1,1), let the path

(0,0,0) — (0,0,1) be C1, (0,0,1) — (0,1,1) be Cy, and (0,1,1) — (1,1,1) be Cs.

(1,1,1)
/ E-dl:/ E-dl—l—/ E-d1+/ E-dl
(070,0) Cq Co Cs

(1,1,1) (0,0,1) (0,1,1) (1,1,1)
/ E-dlz/ E - Zdz +/ E - gdy +/ E - zdx
( ( ( (

0,0,0) 0,0,0) 0,0,1) 0,1,1)
1 1 1
:/z-Odz —|—/y'1dy —|—/ x - ldx

0 0 0

2 1 21
Y x

= _— _— = 1

0+(2)‘0+(2)‘0

(0,0,1)

C1

(0,0,0)
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