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1. Given the vectors M = 20X + 22y and N = 21X + 4. Draw the two vectors and then find:

(a) the unit vector pointing from M to N;
(b) M- N;
(c) the angle between M and N;;

Solution:

22 fessermmsenasy

0

(a) The vector pointing from M to N can be expressed as

R=N-M=%-18y

|IR| =12 + 182 =18

Therefore, the unit vector pointing from M to N is

We have

=~

R x-18y

m= 18 =0056§—y

(b)
M-N = (20x"+22y" ) (21x" +4y") = 420 + 88 = 508

(c) The angle between M and N is

M-N 508
6 = cos‘1< ) = cos™! ( ) = 0.64 (rad) = 37°
| M[|N| V202 + 222 x V212 + 42
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2. A field is given as
yX —xy

G(x,y) = 2152

Find:

(a) the unit vector in the direction of G at P(0, 3) and
(b) the angle between G(x, y) and X at P.

(a) Atpoint P(0, 3), we have

3% — 0y R
= m = 0.33%, IGl = 0.332 =10.33

Therefore, the unit vector in the direction of G at P(0, 3) is

G

— =%
|G|
(b) Atpoint P(0, 3), the angle between G and X is
9—cos_1(G ) 0.33x - X
- | GIlz| 033 1
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3. For two vector fields
3 3 .
A(p, p) = pz cosdp + p2 sing ¢,
1 1 .
B(p, $) = pz cospp + pz sing @,

is there any point in space with 4 and B being perpendicular? Please provide clear reasoning using
mathematics.

Solution:
We have
A-B = (p?cos?p + p?sin¢) = p? (cos?¢ + sin?¢p) = p?
For any point (other than the origin), p is non-zero. So A and B are not perpendicular

For the origin, both 4 and B are zero.

Thus, there is no point in space for the two vectors being perpendicular physically.
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4. Consider a line at y = L to 2L. It contains electric charge of density p, = p, (y/L)~22 for some
constant p, ; in C/m. Find the total charge of this line.

Solution:
The total charge is

2L
Q= f pLay
L
2L
- j P, /L) 22dy
L

2L
— pLo'LZZ_[ y~22dy
L
B . L22 L—21(1 _ 2—19)
= Pro 21
L-py,

=1 ©
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5. In the polar coordinate system (p, ¢), a disc of radius @ centered at the origin holds charges of density
po(pla) sin (¢/2), where py is a constant in the unit of C/m?. Find the total charge.

Solution:
Consider the charged disc:

The differential radial length = dp
The differential radial length = pd¢
The differential area = pdpd¢

Total charge = sum of (charge density x differential area)
= [, ... Po(P/@) sin(¢/2)) pdpd¢p
.
= (050/@) [ PP dp f, 2y sin (#/2)d
4
:gpsoaz (C)
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