CHAPTER 1
FUNDAMENTAL CONCEPTS: VECTORS

Ll () A+B=(@+)+(J+k)=i+2j+k
1
|4+ B|=(1+4+1)* =6
(b) 34-2B=3(i+])-2(j+k)=3i+] -2k

(©) 4-B=DO)+DDH)+(O)D)=1

(d) AxB= =i(1-0)+ J(O-D+k(1-0) =7~ j+k
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12 (a) 4:(B+C) =(2i+}')-(f+4}+1€)= 2)(1) + (1)(4) + (0)(1) = 6

(4+B)-C=(31+ j+k)-4] = (3)(0)+ ()4 +(1)(0) = 4




A-B _ (@)(@)+(2a)(2a) + (0)3a) _ 5a°

1.3 cosf =
AB

6 =cos™ \/E ~ 53°
14

1.4

NN TP N N

(@) A=i+ ] +k body diagonal

=4 A|=\i i+ j jek-k =3

(b) B=i+) . face diagonal
:‘g.g‘:
i j ok
. (c) C=AxB=[l 1 1
' 11 0
(d) coso=LB_1ZL o . po90
AB 32
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g B=|B|=|4xC|= ACsing :.C,=Csinf=
A-C=ACcosO=u ~.C,=Ccosf =
BExA
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’ C:£C+BxAC %A BxAgj
C |Bx4| AB \ 4
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:?A-F?BXA
dzzi f_\d f\,d 2 ~d 2 A r 2
1.6 —=i—(at)+j—fpt" |+k—(yt" )=ia+ j2 0t + K3yt
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1.7 0=A4-B=(q)(q)+(3)(-q)+(1)(2)=¢" -3q+2

(g-2)(g-1)=0, g=1or2

18 |A+B[ =(4+B)(A+B)=A4"+B*+24-B
[|4]+|8]] = 4>+ B +24B
Since 4-B=ABcos0 < AB, |4+B|<|4|+|B]
S

Al
‘Z-B‘ =|ABcos 6| = ‘EHBHcos:ﬂ < ‘IIHE‘

ITEI' Bcos@ <B
Q'Q 4
BcosB
1.9  Show Ax(BxC)=(4-C)B-(4-B)C
PGk
or  Ax|B, B, B.|=(A4C,+4,C,+AC.)B—(4B,+A4,B, +A4.B.)C

(ABC+ABC+ABC ~A4BC,—A4B.C, ABCﬁ
(ABC+ABC+ABC ~A4BC,-A4BC, ABC”
(ABC+ABC+ABC ~AB.C.-A4BC. —~AB.C.)k

(4,B.C,+A.BC.—4,B,C,—A.B.C,)i
=+(4,B,C,+A4.B,C.-ABC,~A4BC,)]
+(4,B.C,+A4,B.C,-AB,C.-ABC,)k



; _} lg l (A}’BXC,V - A,VB,VCX - AZBZCx + AszCz)

4 4 4. |=+j(4B,C.-4B.C ~ABC, +A4BC,)

X )4 z

B,C.=B.C, BC-BC BC-BC| L }(4BC -4BC ~4BC +4BC,)

1.10
x B y=Asiné
1 .
A:2(Exy)+y(3—x):xy+yB—xy:ABsmt9
Az‘ZxB‘
1.11
i ] k| |4 4 4| |B B B
A-(BxC)=4-B, B, B.|=|B, B, B.|=-|4, A, A|=-B-(4xC)
c. ¢, c|l|c ¢ c| |c ¢ c
1.12

Let 4 = (Ax,Ay,Az), B =(0,By,0) and C =(0,Cy,Cz)
C, is the perpendicular distance between the plane 4, B and its opposite. i =B xC is

directed along the x-axis since the vectors B, C are in the y.z plane. u_ :‘E X é‘ =B,C,

is the area of the parallelogram formed by the vectors B, C. Multiply that area times the
height of plane 4, B= A, to get the volume of the parallopiped

V=Au,=A,B,C.=A4e(BxC)
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cos@ O

T=| 0

sind 0

1.14

A=3232{"+1.598]' - k'

—sin@

cos@

For rotation about the z axis:

cos ¢

—sing cos¢g O
0 0

J-i'=sin30" =—

J-j =co0s30° =

k=0

sing 0

cosfcos¢g cosfsing

—sin ¢ cos ¢
sinfcos¢g sinfsing
k=0

k-j'=0

k-k'=1

—sin @
0

cos@



1.15 I. Rotate thru ¢ about z-axis ¢ =45
2. Rotate thru € about x’-axis 0 =45
Rotate thru y about z’-axis v =45
3,z z
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1 1 1 1 1
R(v,0,§)=RRR, =| ————r ——4—— =
(v:0.9) =R, R, R, 2 22 2 22 2
1 L
2 2 V2
1
Condition is: X'= RX where X'=|{0| and X
0
Since ¥-X =1 we have: y’+ > +a’ =1
After a lot of algebra: a:l—ﬂ, ﬁ:l+£, y =
2 4 2 4
1.16 v=vi=ctt
V2 CZtZ
a=vi+—n=ct+ n
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at t = , v=#Jbe and @=ct+ch
cosH—‘j'a— cVbce _L

va \/E\/Zcz \5
0 =45

1.17  v(t)=—ibwsin(wt)+ j2bwcos(wt)
1 1
\7| = (bza)2 sin’ ot + 4b*w* cos’ a)t)E = ba)(l +3cos? a)t)E

a(t) = —ibw’ cos wt — j2bw* sin vt
1
|a| = bo’ (1+3sin2 a)t)g
T

at (=0, |\7|:2ba); at t=—o1), |\7|:ba)
20

1.18  ¥(t)=ibwcoswt — jbwsin ot + k2ct

a(t)=~ibw’ sinot — jbe’* cos ot + k2c
1 1
|a| = (b2w4 sin® ot +b’w’ cos® wt + 4c” )5 = (bza)“ 1402 )5

1.19 vV =7é +rfé, =bke" e +bcee,

a= (i’—ré’z)ér +(r65+ 2#9)@ = b(k2 —cz)ek’ér +2bcke"é,

5.5 V(K —c?)e +2b°Cke™
cos¢@ = = 1
va ek 2 2)? 272 |2
bekt(kz—kcz)zbe’[(k —c ) +4c’k }
k(k* +c
cos¢ = ( - ) = k —, aconstant

(k2 +c2)5 (k2 +c2) (k2 +c )5

120 a=(R-Rp)é,+(2Rp+Rp)é, + 7.
a=-bw’é,+2ce.

= (bt + 4
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v = é,bw cos [% cos (4a)t)} - éeba)gsin (4ar)
r 7’ 2
|\7| =bw| cos’ (g oS 4a)tj + Tsin2 4ot

Path is sinusoidal oscillation about the equator.



1.24 % 7 (an)]:%-(wa)w %(Vx&)
e\ = (d\? _j (_ da‘ﬂ
=v-(Vxa)+7-|| —xa |+| Vx—
[ dt dt
=0+7~[0+(\7x5)]
d _ Lo
L7 (vxa)]:r (vxa)
125 v=viand a=at+an
o v-a
v-a=va,, so a, =—

1.26

1.27

—b*w’ cos wt - sin wt + b* @’ sin wt - cos wt + 4¢’t

For1.14, a, = -
(b2w2 cos’ wt + b’ w* sin® wt + 4c*t )E
4c%t
a = 1
(P’ +4c’ )

1
l6c'® )
b’w* +4c’t?

k(K> —c*)e™ +2b°cke™ 1
For 1.15, a, = ( ) 1 = bke" (K> +¢* )?
be* (k2 +c’ )5

a, = (bza)2 +4c* -

1

a, = [bzezl“ (k2 +c° )2 — bk (k2 +cf )}2 = bee" (k2 +c? );
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b
=l
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Fp =ibsin@+ jbcosO
V= ib0 cos @ — jbOsin O
a, = fb(écos@—éz sin@)—jb(é sin@ +6° cosé’)

. p/a
atthe point =—, v, =-v
2
So, [v.,|=b6=v
Y] . v a
0=— 0=—=—
b b b
2 V2
Now, a,=v ,+4n=ai+—n
o, b

a

1
(o VP
rel | — a, +b_2

V,=v+v,, and d,=a, +a,,

2 2
a,=1|a,+b &cosﬁ—v—zsiné’ —jb &sin9+v—2c059
b b b b

212

vio2y? 2
|a,|=a.| 2+2cos@+—————sind
a’b~ ab

d, 1s a maximum at =0, i.e., at the top of the wheel.
2

—2sint9—2lcost9 =0
ab

2
6 =tan"' (—V—]
ab

x x 0 x x O 2x? 0 O
129 RR=|x x 0| -x x 0|=| 0 2x* 0 Therefore,xz%
0 0 I1)Lo 0 1 0 0 1

The transformation represents a rotation of 45° about the z-axis (see Example 1.8.2)
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1.30
(a) a=fc0549+}'sin9
b:fcos¢+}sin¢

0 a-b:cos(é?—go):(fc0s0+}sin9)-(5cos¢)+}singp)

cos (0 —p)=cosfcosp+sinfsinp

(b) bxa =‘I€‘sin(9—(p)=‘(fcosé’+}'sin9)x(fcosgp+}'singp)‘

sin (6 — ) =sin @ cos ¢ —cos Osin @
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