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1.

Given the position vectors P = 20X + 23y and Q = 2X + y. Draw the two vectors and then find:
(a) the distance between P and Q

(b) the unit vector pointing from P to Q

(c) the dot product P - Q

(d) the cross product P X Q

(e) the angle between P and Q

Solution:

(a)

R= Q- P=-18x—-22y

The distance between P and Q is |[R| = V182 + 222 = 28

(b) The unit vector pointing from P to Q is

R —18%—22y R R
— = = _0.64% — 0.79y

IR~ 28
(c) The dot product is
P-Q=(20x+23y)-(2x+1y) =40+ 23 =63
(d) The cross product is
X vy 2z
PxQ=(20 23 0]|=-262
2 1 0
(e) The angle between P and Q is
P-Q 63
6 = cos‘l( ) = cos‘l( ) = cos™1(0.92) = 23°
| P||Q] V202 + 232 x V22 + 12 (0:92)
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2. Given two points 4 = (3, 1) and B = (5, 0). Find
(a) the cylindrical unit vectors p and ¢ at 4
(b) the cylindrical unit vectors p and ¢ at B
Then, draw the four vectors on the xy-plane with points 4 and B labeled.

Solution:

-1y

p=+x*+y% @ =tan ot P = coseX+ singy, ¢ = —singd,+ cosgy,

(@) For A=(3,1), ¢ = tan"*2=18".

p =095%+0319,¢ = —031%+0.95%

(b) For B=(5,0), ¢ = tan™*2=0°.
p=%,0=y
(c)

y F 3
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3. A field is given as
5yX + 2xy

G(x,y) = 2157

(a) What is the x-component of G?
(b) What is the y-component of G?
(c) At point P(2, 2), find G.

Solution:

(a) The x-component of G is 2iy?

(b) The y-component of G is iyt

(c) To find G at point P(2, 2), we substitute x =2 and y = 2 into the vector field
_ 52%+22y R
G(x, y) = aip7 =1.25X% + 0.5y

Then the magnitude G is V1.252 + 0.5% = 1.35
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4, Consider a line at y = L to 2L. It contains electric charge of density p, = p, (y/L)? for some
constant p, , in C/m. Find the total charge of this line.

Solution:

The total charge is
2L
Q= f pdy
L

2L
- fL P (/L) dy

2L
=pL0-L‘2fL y?dy

—FrLo

_ 3 -1)
P L[T]

7Lppg
2 ()
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5. In the polar coordinate system (o, ¢), a disc of radius a centered at the origin holds charges of density

.9
ps = Q(p/a)? sin
where O = 5 nC/m?. Find the total charge contained by the disc.

Solution:

Consider the charged disc:

The differential arc length= pd¢
The differential area = pdpdg

Total charge = sum of (charge density x differential area)
= Jpisc Qp/@)?sin (§/2)pdpdgp
= (Q/a®) [, PPdp [, sin (¢/2)d¢
=(Q/a?) (3a*) (—2cos (¢/2)I3%,

= Qa2
=5a? (nC)
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