1-1.

Axes x; and x} lie in the x,x; plane.

The transformation equations are:
x] = X, cos 45° — x; cos 45°
X=X,

X} = x5 c0s 45° + x, cos 45°

1 1
X SRR

Xy =X,
R SOV
3 \/E 1 \/E 3

So the transformation matrix is:

x
ﬁ|r—x os||r—a
—_

€3

Denote the original axes by x,, x,, x;, and the corresponding unit vectors by e, ,e,, e,. Denote
the new axes by x;, x;, x; and the corresponding unit vectors by e;, e}, e}. The effect of the
rotation is e, —> e}, e, > e], e; > e;. Therefore, the transformation matrix is written as:

cos(ef, e,) cos(ej,e,) cos(e}, e,)

o = O

01
A=|cos(ej, e) cos(e;, e,) cos(e; e;)[=0 0
10

cos(e;, e;) cos(es, e,) cos(e}, e;)



1-7.
X

001 01,1
(1,1,1

(1,0,1)

x
0,0,0) (0,1,0)
(1,00 (110

1

There are 4 diagonals:

D,, from (0,0,0) to (1,1,1), so (1,1,1) - (0,0,0) = (1,1,1) = D, ;

D,, from (1,0,0) to (0,1,1), so (0,1,1) - (1,0,0) = (-1,1,1) = D,;

D,, from (0,0,1) to (1,1,0), so (1,1,0) - (0,0,1) = (1,1,-1) = D,; and

D,, from (0,1,0) to (1,0,1), s0 (1,0,1) - (0,1,0) = (1,-1,1) = D,.

The magnitudes of the diagonal vectors are
[Dy|=[D;|=[Ds[=[D,|=V3

The angle between any two of these diagonal vectors is, for example,

DD, __, (LLY-(-111)_1

D, D, 3 3
so that
6=cos™ (l) =70.5°
3
Similarly,
D,-D, DD, D, D, D,D, _D,:D, 1
D,|[D;|  |D,[[D,[ [D,|[Ds|  [D,|[D,| |D,[|D,| "3



1-9. A=i+2j-k B=-2i+3j+k

a) | A-B=3i-j-2k|

1/2

|A-B|=[(3)" +(-1)* +(-2"]
|A-B|=+14
b)

component of B along A
The length of the component of B along A is B cos 6.
A-B=ABcos @
AB_-2+6-1_3 6
A NN

The direction is, of course, along A. A unit vector in the A direction is

Bcos 8=

T li+2-K)



So the component of B along A is

1-10.

1. ..
E(l+2]—k)

A-B 3 V3 L3

AxB=|1 2 -ll=i

AB  Jo1a 247’ 0% 2g7
i j k
+k

2 41 |1 4
3 17 )2 1

1 2
-2 3
-2 3 1

|A xB=5i+j+7k|

A-B=3i-j-2k  A+B=-i+5j

i j k

(A-B)x(A+B)=|3 -1 -2

-1 5 0

(A-B)x(A+B)=10i+2j+14k

r=2bsinwti+bcos wtj

v =1=2bw cos wti—bwsin wtj

a=v=-2bw’ sin wti-baw’ cos wt j=-a’r

speed =|v|=[ 4b’0” cos’ wt + b’e’ sin’ cot]l/2

= bw[4 cos’ wt +sin® cot]ll2

speed = bw[3 cos’ mt + 1]1'/2

b) Att=7/2w,sinwt=1, coswt=0

So, at this time, v=-bw j, a=-2bo’ i



1 '20-

a) Consider the following two cases:
When i#j 6;=0 but g; #0.
When i=j 5; #0 but g5 =0.

Therefore,

Z Eijx 5.‘,' =0
ij

b) We proceed in the following way:

Terms such as ¢, &,, =0. Then,

Zgijk ik =E€np Ena T &3 Epa T Eip Exn T €31 Epz1 T Eizp Eyzp T Eip3 €3
&

Now, suppose i=/=1, then,

Z= &1 b3t 61y 1 =1+1=2
i

for i=£=2, ) =&y, £yy3+ &3y & =1+1=2.For i=£=3, Y =&, &, + £, &3 =2.Buti=1,
jk ik

£=2 gives Z=O.Likewisefori=2, (=1;i=1,¢=3;i=3,4=1;i=2,¢=3;i=3,/(=2.
jk

Therefore,

Z Eix Egix = 26, (2)
jk

c) Zgiik Eijk = E123 €123 T E31p Ex1n t 1 E3p1 t E13p 132 F Ep13 €13 Tt €31 gy
ik

“ 114114 (<1)- (1) + (=1) (<1) + (=1)-(~1) + (1)-(1)

or,

D & £ =6 3)

ijk




1-22. To evaluate Zgiik &, we consider the following cases:
k
@) i=j: ) &y Epy =D Eu £y =0 foralli,f,m
k k
b) i=¢: Zgi}.k Epmi =Z£ijk &g =1forj=mand k#i,j
k k
=0forj=m
€c) i=m: Zgijk Epmk =Z€ijk &y =0forj#/
k k
=-1forj=fand k#i,j
d) j=L:) 6 £y =D 6y £y =0 form=i
k k

=-l1form=iand k#1i,j



@) j=m: Y &y b= 6 £ =0forizt
k k
=1fori=fandk#i,j
0 tom: e, o= Yo 6 =0 forall ik
k k

g) i#/orm:Thisimpliesthati=kori=jorm=k.
Then, ) & &,, =0 forall i,j,£,m
k

h) j#torm: ) & &,, =0 forall i,j,£,m
k

Now, consider &, 6, —J,, 6, and examine it under the same conditions. If this quantity

it “jm im “jt

behaves in the same way as the sum above, we have verified the equation
zk:e',.,.k Epi =0y 8, =5, 5,
a) i=j:96,96,-06,0,=0foralli,f,m
b) i={:6,6,,-0,6;=1ifj=m,i#jm
=0ifj#m
€) i=m:6,06,-0,0,=-lifj=L,i#]!
=0ifj=2¢
d) j=¢:6,6,,-06,0,=-lifi=m,i#/

=0ifi#m
e) j=m:ailé‘mm_aimaml=lifi=e’m¢£
=0ifi#/

f) ¢=m:6,6,-0,6,=0forallij¢
g) i#{m:6,6,-6,0,=0foralli,jf,m

jm im ~jt

h) j#¢m:6,6,-6,06,=0foralli,jf,m

il Yjm

Therefore,

Zgifk Epmic = Oy ij — O 5;(
k

Using this result we can prove that
Ax(BxC)=(A-C)B-(A-B)C



First BxC Z B.C, . Then,

Eij O

[Ax(BxC)], =2 &, A,(BxC), = &,, A,,,Zs,,,k BC,

= z Epmn gnjk A C Z Emn € Jkn A B C

Jlmn Jmn

= Z(z Elmn 6‘ﬂan AmBjCk
jkm N n
= (610 — 58, JA,BLC
jom
= ZAmBlCm - ZAmBmCl = Bl (ZAMC"I] - C( (ZAMBMJ

=(A-C)B,-(A-B)C,

Therefore,

|Ax(BxC)=(A-C)B—(A-B)C|




