1)

A x B is a vector perpendicular to the plane ofrdl &

A

x vy 2z
AxB=det[ 9 2 —5}=(8+30)9?—(36—15)37+(54+6)2
-3 6 4
= 38% — 219 + 602
Unit Vector - AxB _ _38%2-2194602 _ 38%-219+602
|A x B| \/382+(—21)24602 +74.06
= 4(.5131% —.28369 +.81012

2)

V=x+72)X+(-3y+3x)y + (x —az)2
vv—o—a(+7 +a(3+3)+a( Yy=1-3—-a=0
=0=-"( z) 3y y+3%) +o-(x—az) = a=

a=-2

3)
W = (8z- 2ay)X + (4x+3bz) § + (4cx + 6y +1)2

Wanta, b, ¢ so that( xW =0

0z ()4 ()4

OxW =
[ oy 0z

OxW = (6-30)X+ (8—-4c)y+ (4+2a)z=0

lb=2 c=2 a=-2|

oy

0(4cx + 6y +1) a(4x+3bz}({a(8z—2ay) _ 6(4cx+6y+1)}9+[0(4x+3bz) _ 0(8z- 2ay)

;



4)
A = 22c0s40

Want O x A at the point(3,72,0)

Ol
X
pd
I

1 [0A,sind 9A, s 1 1 oA OrA, é+1_6”*9—‘9i}£o
rsingd| 06 op risind op or rp or 06

Ol
X
>
I

1 [8(0) 9(22cosd) ! 6(0)_0(r[0))_é+£{0(r22c059)_6(0)}
rsing| 06 dop or 06

rysing og o | r
xA = (O)F + (0)9+(122cos0)£o

At (372,0):

OxA=

22(-1)g= —¢'

1,
3




5)

7cos(u) +12$in(wt —37”}

R%RHH

- Rre(7-642-6v2] ]
Magnitude: A= \/(7—6\/5)2 + (6\/5)2 =861

Phase: ¢ =sin™ @ =140ad
8614

(] 7cos(ut) +12$in(wt —37”)

_ R{ 8'6161(541.4&9}
Vi

= 8.6100{&1 - 8614—5)
* Note that the phase is negative and includesgative factor of]—z7 due to the real and imaginary components both

being negative.



6.)
V =3%+4y+52
Spherical:

=3 +4+5 =/50=5{2

2 2
f=tan —sz+y = tan‘l(@j =tan(1) = 77/4rad
p=tan™ %) =tan™ 131) =0.9273ad

V = (5v/2,77/4,09273

Vg = Vysin@cos¢ +V, sinfsing + V, cos 6

Vg = VycosOcos¢ + 1, cosfsing —V,sinb

Ve = —Vysin€ + V), cos ¢

Vg = 3sin. 79 c0s.9273 + 4 sin. 79sin.93 + 5c0s. 79 = 7.07 = R
Vg = 3¢0s.79c0s.93 + 4 c0s.795in.93 — 5sin.79 = 0

V¢ = —3sin.93 4+ 4c0s.93 =0



7)

Problem 3.5 Givenvectors A=%4V2—23, B=32—§4. and C=%2—74. find

{a) Aand a,

(b} the component of B along C,
(¢) Bar.

d) AxC,

(e) A(BxC).

(f) Ax (BxC),

(g) xx B, and

(h) (Ax¥)-z

Solation:
(a) From Eq. (3 4).

A=y/1242 4 (=3 = V14,
and, from Eq. (3.3),



(b} The component of B along C (see Section 3-1.4) is given by

B.C -8
BC(EE'BC:T:V‘!"}_D_

(e) From Eq. (3.21).

H{CZEUE_IL{: :ms_lﬂ_ —1
' aC JIAVD

(d) From Eq. (3.27).
AxC=x(2(—4)—(=3)2) +¥{(—3)0—1(—4)) +2(1(2) —2(0)) = —x2 + ¥4+ 22,

(e} From Eq. (3.27) and Eq. (3.17).

A (BXC)=A:(X16+ §8+ 24) = 1(16) + 2(8) + (—3)4 =20,

Eq. (3.30) could also have been used in the solution. Also, Eq. (3.29) could be used
in conjunction with the result of part (d).
(f) By repeated application of Eq. (3.27).

A (B C)=AX (X164 §8+424) =32 —§52 —304,

Eq.(3.33) could also have been used.
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(g) From Eq. (3.27),
ixB=—4.
(h) From Eq. (3.27) and Eq. (3.17),
(Ax{)-2=(83+2)-2=1.

Eq. (3.29) and Eq. (3.25) could also have been used in the solution.



8.)

Problem 3.16 Given B =%(z—3y)+ §(2x—3z) — Z(x-+y). find a unit vector parallel
to B at pomt P(1,0,—1).
Solution: At P(1,0,—1).
B=x(—1)+¥243)-z(1)=—=%+§ -2
B —%+§5-2  —%+§5—2

e B

Bl VI+25+1 V2T

9)

Sections 3-4 to 3-7: Gradient, Divergence, and Curl Operators

Problem 3.32 Find the gradient of the following scalar functions:
(a) T =3/(x*+2%),
B V=2,



(¢) U=zcosg/(1+7%).
(d) W=¢F%sm8,

(€) S=dle =4y,

(f) N=r"cos’ ¢,

(g) M =RcosBsmng.

Solution:
(a) From Eq. (3.72),

VT = —4 bx " 6z

TR i e——,
(24 22) (2422

(b) From Eq. (3.72),
VV =&zt + 20t + 2472,
(e) From Eq. (3.82).

" drzecosg - zsing . OS¢

vU = —+Z = s
(14 (I 147

(d) From Eq. (3.83),
VW =—Re Fsind 4 é{e_RfR:} cos@,
(e) From Eq. (3.72).

S=4x¢ 4y,

TS_xd—S+wa—f+z:—S_38w 4§93y —ide

dy

(f) From Eq. (3.82),

N =r"cos? ¢,
VN=r1 ﬁ ¢1 ﬁ Z ﬁ = E'Ermslq-—ﬁalrsincpmsqz.

r 64: dz
(g) From Eq. (3 83),

M—Rmsﬂsmq},
AlaM - 1 oM

vm=2aM
R R ae —H’Rsinﬁ di

=Rcosfsing—BsinBsing+ ¢ :f




10.)

Problem 3.39 For the vector field E = %z — yyz? — zxy, venfy the divergence
theorem by computing:

(a) the total outward flux flowing through the surface of a cube centered at the
origin and with sides equal to 2 units each and parallel to the Cartesian axes,
and

(b) the integral of V+E over the cube’s volume.

Solution:
(a) For a cube, the closed surface integral has 6 sides:

?gE + ds = Fiop + Foottom + Fright + Fleft + Front + Foack,
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1 1 -
Fop= [ f=_1 (252532 —29) |y By

= f nd}ﬂ'm—((r&m )‘
=—1sy=1 y=—1

quam—f= 1[ (11*—}?“ —m})|_ {—za’} d;}

~Lo Lo~

Frignt = ./.:-:_1 f;_} (Rrz—§yz" — 2xy) |_‘=1 (¥ dzdx)

1
1 1 .
=— [ [ Pdzdr=— ==,
a=—1l1J =1 ——1 o 3

1 1
Flent = f f (i’n_- —Fyz* — i"}") |1=_1 (—§ dzdx)
——1 =1 ~

1
—f f 2dzdx =— ==t
e =1/ =1 3

Fron = f 1/ . (Lx.._—ﬂ::—znﬂ |+ (Rdzdy)
= =

1
— f f Zd:d}‘: = G,
y=—1Jdz=-1 =1 —

1 1
Rk = f . f (fxz— fyz" —20y) | 1 (—&dzdy)
s e

1
y=—1

=0

=1

Xz

b

¥z




(b)

1 1 1
fff \T.Edv:f f f V(g — Yyz® — 2xy) dzdydx
r=1Jy=-—1J1="1
1 1 1 =
= 1—1)dzdydx
.[t:—l /}-‘:—I /.‘:=—1 ( ) )

(G -

ta| F

11)

Problem 341 A vector field D = i+ exists in the region between two concentric
cylindncal surfaces defined by » = 1 and r = 2. with both cyhnders extending
between z =0 and z = 5. Venfy the divergence theorem by evaluating:

(a) Dads,
s

(b) / v-Ddv.
.]-'

Solution:
(a)

f D - d5 = Faner + Fouter -+ Foottom + Fiops
2x 5
Fower= [ [ (@7)-(-irdzan)],
Wb 5
- ﬁ:{r /:.-za (—r*dzde)|,_, =—10m,
Zx 5
Foer= [ [ (@7)-(rdzdo))],

e 3
[ [ a0, =160
Footon = | _ f@ () - (—zrdodr))| _, =0,




- f _ f:ﬂ (%) - (2 dodr)) |, =0.

Therefore, [[D+ds = 150x.
(b) From the back cover, V:D = (1/r)(a/ar)(rr*) = 41 Therefore.

[[fzvav=[ [" [ aerarasac= (=)

£

= 150mn.

12)

Problem 344 Repeat Problem 3 43 for the contour shown in Fig. P3 43(b).

Solution: In addition to the independent condition that £ =0, the three lines of the
triangle are represented by the equations y=0.y=2—x, and y = x, respectively.
(a)

?CE-r:ﬂ:LI Lo |-L3,

L= f (oo — 07+ 297)) « (Rdx + $dy + 242)

- 0
= f _, (0|00 dx— [ _ (P vt [; (O dz=0,

L= [ (eo—5(2+ %) (kdr+¥dy+2ds)

1 1
- [ » ()] s=0 y=2—x dX— [ . (.r + 2}*) |_1:2_}:,: _pdy+ -/: 5 (0)|ymo_rdz

; %

2 'C} o 1
= (¢-3)| -2 rharo= 3

Ly= [ Goy— (24 23%)- (e + iy + 5

0 N
=f A (—"}':”}:r,::(!l d.r—f i ("‘1+2}r¢)|.r=}::=ﬂ d}!‘l'/jﬂ (ﬂﬂ}:rd:

0
y=
0




Therefore,

g
5€E s D——+§ _3

(b) From Eq. (3.103), ViXE = —73x, so that

1 X
VxE.d =f f —23%) . (2dydy))|.

[[vxkeas= [ [ (23 Gavan)l

2 2—x
+ f f ((~23x) - (2dydn))|
=1Jy=0
1 X 2 2—x
— e f f 3xdydi— f f 3xdydx

=0 JSy=0 x=1 Sy=0

-

- f;u 3x(x—0) dy— L; 3x((2— 1) —0) dx
=—(+%) L; — (37 —2%) |f:1 =3,




