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1.1.

1.2,

1.3.

CHAPTER 1

1 1

: 1
(a) Total distance = 1 + —2—+Z+~--—1_% =2m
(b)Distancenorth—l—l+—1—— . =0.8m
o416 1+l T
. 1 1 1 1 1 1
Distance east = §~§+§~---~§[1—Z+T6——---) =04 m

.. Final position is (0.8, 0.4)

(c) Straight line distance = +/(0.8)> + (0.4)? =0.8944 m

A+B+C=2a;+3a,+2a; — (1)
2A+B-C=a; +3a, —(2)
A-2B+3C=4a;+5a,+a; — (3)
(D+@2)—3A +2B =3a; + 16a, +2a; —(4)
2)x3+B)—=T7A+B="7a; + 14a,+a; —(5)
[O)x2-4)]+11 >A=a;+2a, —(6)
®-©x7—  B=a —
D =-©)-7)— C=a+a+a; —(8)

(A+B)*(A-B)=A*A-A*B+B*A-B+B=4A>-p’
A+B)X(A-B)=AxA-AxB+BxA-BxB=2BxA
For A =3a; — 5a; + 4az and B = a; + a, — 2as,

A +B =4a; —4a; + 2a3, A — B =2a; — 6a, + 6as,
A?=9+25+16=50,and B*=1+1+4=6
(A+B)*(A-B)=8+24+12=44=A"-B*
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a

‘ x y z
(A+B)X(A-B)=|4 -4 2|=-12a,-20a,-16a,
2 -6 6
a, a, a,
=2/1 1 -2/=2BxA
3 -5 4

14. BxC=-4a,+2a,+ 8a,, Ax (B xC) = 8a, + 16a,
CxA =-a,-2a,+7a, Bx(CxA)=-12a,-8a,—-4a,
A xB =a, +2a, +3a,, Cx (A xB) =4a, - 8a,+4a,
AXBXC)+Bx(CxA)+Cx(AxB)=0

In fact, this quantity is zero for any A, B, and C.

1.5. Area= lAB sino = %|A><B!

2
For the points (1, 2, 1), (-3, 4, 5),
and (2, -1, -3),

A =4a, + 6a, - 4a,

B = 5a, + 3a, — 8a,

A X B =-36a,+ 12a, - 18a,

. Area = %\/(—36)2 +(12)% +(~18)* =21 units.

1.6. Area of the base = [Bx C|

Height of parallelepiped = Projection
of A onto the normal to the base

_ AL BXC
|BxC|

. Volume of parallelepiped = Area of base X height =A * B x C
For A =4a,, B =2a, + a, + 3a,, and C =2a, + 6a,, A+ Bx C=0.

Hence, volume of the parallelepiped is zero. The three vectors lie in a plane.
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1.7.

1.8.

1.9.

1.10.

1.11.

The vector A must be perpendicular to both (-a, + 2a,) and (a, — 2a,).

Hence A = C(-a, + 2a,) X (a, —2a,) = C(2a, + 2a, + a;) where C is a constant. To find C,
we note that a, X A = a, X C(2a, + 2a, + a,) = 2a, - a,

s C=1land A =2a,+2a,+a,

Verification: a, X A = a, X (2a, + 2a, + a;) = a, - 2a,.

Vector from A(S, 0, 3) to B(3, 3, 2) = -2a, + 3a, — a,
Vector from C(6, 2, 4) to D(3, 3, 6) = -3a, + a, + 2a,
CD  6+3-2

Component of AB along CD = AB - = =1.8708
b ¢ (D J9+1+4
Writing the equation for the plane as % ‘iyi + EZ(—) =1, we find the intercepts on the x, y,

and z-axes to be at 15, —12, and 20, respectively. Thus
Ryp =-15a, - 12a,
Ryc=-15a, + 20a,
Rac X Ryp = 240a, — 300a, + 180a, <
_ RucxRy, 4a,-5a,+3a,

= lRAC ><RAB| - 542

Distance from origin to the plane = 15a,* a, = 6x/§ .

Fory=2x,z=4y,wehavedy =2 dx,dz=4 dy = 8 dx.
sd=deay+dyay+dza,=dxa,+2dxa,+8dxa,

= (a, + 2a, + 8a,) dx, independent of the point.

For x =y = 7%, we have dx = dy = 2z dz.
Atthe point (4, 4,2), dx=dy=4dz
sdl=dvay+dyay+dza,=4dza,+4dza, +dza,

= (4a, +4a, +a,) dz
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1.12, Differential length vector having
projection dy a, = dy a,
Differential length vector having

projection dx a, is

1
dxay+dza,=dxa,~ = dxa,

2
= (ax ——;—azjdx,

1 .
since forx+2z=2, dz=- 5 dx, independent of the point.

sodS = [ax—%aszx Xdya,= (%ax-kaszxdy.

1.13. One vector tangential to the
surface is dz a;. Another
tangential vector is given by

dl =dxa,+dya,

(2,4.1)

=dx ay + 2x dx a,
= (a, + 4a,) dx X
-. Vector normal to the plane = (a, + 4a,) dx X dz a,
= (4a, —a,) dx dz

. 4a, —a,
Unit vector normal to the plane = ——=—.
V17

1.14. Denoting A(x, y) to be the height field, we have

x2+y2+h2=4,x2+y2§4

or, h= A4—x2—y2 ¥’ +y <4,

1.15. The number field is x + y + z.
.. Constant magnitude surfaces

are the planes x + y + z = constant.
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1.16. d(x, y, z) = xa, + ya, + za,
Constant magnitude surfaces are X+ y2 + 7> = constant, and hence are spherical surfaces

centered at the corner. Direction lines are radial lines emanating from the corner.

1.17.v=—rwsin ¢ a, + rawcos ¢a,

= aX-yay + xay)

1.18. f(z,1)=10cos (27 x 107t - 0.1 72)

[ X 1]
. t 4
() tol‘( 4 / ‘/ . \/
7017 ) /
o'/ . ) —
-7.07 v

-0

v

EXAA

7.01

~7.07
-0

f(z, t) represents a traveling wave progressing with time in the positive z-direction.
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1.19. f(z, 1) =10cos (27 x 10"t +0.1 72)

P {;:.‘ixto E:%x\o:l l‘:ix\o’.‘ t:é—xlo;’ t=0
@ 1 | Ny ) ¥
7~01‘\\
0 : ’ 4
5 10 15 \?_0 3,
-7.01 )
-0
=\o 327§ 3:5 21):2-5 3=0
(%) fof“ LR v y )
) N > -
i ,7': 3 \ t,\o7.5
-7.07 : *
-10

f(z, t) represents a traveling wave progressing with time in the negative z-direction.

1.20. f(z, 1) =10cos 27 x 107t cos0.1 7z

@ Fy
(o

7-01

=707
~10

) 4

10
7.01

0

~7.07
-10

f(z, t) represents a standing wave.
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1.21. (a) The two components are in phase; hence, linear polarization.

(b) The two components are perpendicular in direction, differ in phase by 90° and equal in

amplitude; hence, circular polarization.

(c) The two components are perpendicular in direction, differ in phase by 90° but unequal

in amplitude; hence elliptical polarization.

1.22. F; and F; differ in phase by 90°.

{F1]:\/3+1 cos @t = 2cos ax, IFZIZ,/%+%+3 sin @t = 2sin wt .

. F; and F; are equal in amplitude.

33

kK= 5t 0. .. F; is perpendicular to F».

Thus Fy + F3 is circularly polarized.

1.23.

iITZE'____) . (.____,&I

The polarization is elliptical with major axis in the y-direction, minor axis in the

x-direction, and eccentricity equal to V2.

1.24. 10 cos (ax — 30°) + 10 cos (ax + 210°)

Ivn
10 7 + 107 =10 7

30° T 3007 Re
.. The sum is 10 cos (ax — 90°) = 10 sin ax. S~ '0//

1.25. 3 cos (ax + 60°) — 4 cos (ax + 150°)

'600 s o
3e’ - 4 /130

= 5 o J60°53.139) _ 5, j68T°

— 5 cos (ax + 6.87°).
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1.26. Replacing % by j106l_, iby I ,and 13 cos 10% by 13¢7"", we have

5x107° x j10°T +127 =13¢™”

13 13 _ e

12+ i =13.1 = =
or, (124 j5)I =13,1 2475 13,267

I

Thus i = 1 cos (10% ~22.62°) = 1 cos (10° — 0.1267)

1.27. From the construction shown,

2
Q—/ng =tan45° =1

47ey -2l 2

or, 0= 87Z£Ol2mg

1.28. (a) At the point (0, 0, 100),
-9 ~a, + e ~a
4714(99) 47e,(101)

E

4

__Q 101-99%
- 4mey 992 %1012

O (100+1D?-(100-1)° 0 400
= ) 7477 7 2 d
478 (100-1)2 x (100+1) 7€y (1007 —1)

0 400 0

= a = a
470 100* ° 100’75,

4

Z

(b) At the point (100, 0, 0)

3 20 a 1
47y (100% +12)¥2 ¢ 1
2716,(100°)

E__
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