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Problems

1-1. Find the transformation matrix which rotates a rectangular coordinate
system through an angle of 120° about an axis making equal angles with
the original three coordinate axes.

1-2. Prove Egs. (1.10) and (1.11) from trigonometric considerations.

1-3. Show
(a) (AB) = B'A"
(b) (AB) "' =B 'A"",

1-4. Show by direct expansion that |A]* = 1. For simplicity, take A to be a
two-dimensional transformation matrix.

1-5. Show that Eq. (1.15) can be obtained by using the requirement that the
transformation leave unchanged the length of a line segment.

1-6. Consider a unit cube with one corner at the origin and three adjacent
sides lying along the three axes of a rectangular coordinate system. Find
‘the vectors which describe the diagonals of the cube. What is the angle
tetween any pair of diagonals?

1-7. Let A be a vector from the origin to a point P fixed in space. Let r
be a vector from the origin to a variable point Q(x,. x,. x;). Show that

Arr= 42

is the equation of a plane perpendicular to A and passing through the point £.

1-8. Show that the triple scalar product (A x B)+ C can be written as

|4, A, A
(AxB):C=|B, B, B,
c‘.I CZ CJ

-Show also that the product is unaffected by an interchange ol the-scalar
and vector product operations or by a change in the order of A, B. C. as long
as they are in cyclic order; that is,

(AxB)‘C=A'BxC)=B-(CxA)=(CxA)'B, cl.
We may therefore use the notation ABC to denote the triple scalar product.

Finally, give a geometrical interhretation of ABC by computing the volume
of the parallelepiped defined by the three vectors A, B, C.



1-9. Let a, b. ¢ b tliree constant vectors drawn from the origin to the
points 4, B, C. Whot 1s the distance from the origin to the plane defined
by the points 4, 5. C ! What is the area of the triangle 4BC?

1-10. If X is an unknown vector which satisfies the following rclations
involving the known vectors A and B and the scalar ¢,

AxX=B; AX=¢p
express X in terms of A, B, ¢, and the magnitude of A.

1-11.- Obtain the cosine law of plane trigonometry by interpreting the
product (A + B) - (A + B) and the expansion of the product.

1-12. Obtain the sine law of plane trigonometry by interpreting the product
A x B and the alternate representation (A — B) x B.

1-13. Derive the following expressions by using vector algebra:
(a) cos(A — B)=cos 4¢cos B +sin Asin B
(b) sin{4 — B) =sin A cos B — cos 4 sin B

1-14. Show that
(a) z g 0 =0 (b) E EijkErie = 20y (<) E EijnEijp =6
i dok ik

1-15. Show that (see also Problem 1-8)
ABC = ¥ £, 4;B,C,
LTk

1-16. Evaluate the sum Z & & (Which contains 81 terms) by consrdering
the result for all possible combinations of i, j, /. m, viz.,

(a) i=j (by i=1

) i=m (dy j=1

(e)y j=m (fy I=m

(g) i#/lorm (hy j#/lorm
Show_that

—8.5.7
Z Eijy Epy = O (Sjm — i ‘sﬂ
3

and then use this result to prove
Ax(BxC)=(A-CB—(A-B)C .

1-17. Use the &;; notation and derive the identity
(A x B) x (C x D) = C(ABD) — D{ABC)
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1-18. Let A be an arbitrary vector and let e be a unit vector in some fixed
direction. Show that

A=e(A-e)+ex(Axe)

What is the geometrical significance 'of each of the two terms of the expan-
sion?

1-19. Find the components of the acceleration vector a in spherical and in
cylindrical coordinates.

1-20. A particle moves with r = const. along the curve r=x(1 + cos )
(a cardioid). Find ¥-e, =a-e,, [a], and 0. '

1-21. If r and t = v are both explicit finctions of time, show that

%[rx(wxr)}:r%}(r-v)v—(uz+r-a)r
[

1-22, Show that

grad(!n Ir]) -_-;fz

1-23. Find the angle between the surfaces defined byr? = 9and x + y + 22 = -
at the point (2, =2, 1).

1-24. Show that grad(py) = ¢ grad ¥+ grad .

1-25. Show that
(a)egrad r" = pr"~ 2

) grad fr) =1L

1
(¢} Viinr) = =
¥

1-26. Show (-
J.(2r 4+ 28 F)dr =1 + ¥ const,

where r is the vector from the origin to ntx, Xz, x3). The quantities
rand # are the magnitudes of the vect o respectively. |
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1-27. Show that
S 7 T
[(- - -J;) dt=-+C
SArort r
where C is a constant vector.

1-28. Evaluate the integral

J-Ax;t'd!

1-29. Show that the volume common to the intersecting cylinders defined
by x +y? =g and x? + 22 =a’ is V = 16a’/3.



B

WG & 1130 - 32 2 AARIRE0NT A oob0 12 /200 32E"
VRTINS S

ht . '

R

gc'” . x 129 3y
- ® =, ¢

O ﬂ*,% AIRE0E ¥ 43185805040 rmfd}
il\\gwéb‘i X4 k23 Ytossiil
A0 R 24033
a0 AR Ko §

(X =0 caix gre f cwilx e 0
J 3

(,n(a{’. )= p el yr= o en ey 3:/

Ca (3 )= f (3l Pee . aadlzee

1% 3285 ppd X'z AX

% lllf o / o

|

|
e o 4
\/ o c.j

R UNTEY- B L IR T W
(I'.ro)ﬂ;\. Lanl u.-::iff,olzf:f
)5\ Cirh = el Ler cu/?a%(* el



mfaﬁ“f I W & 5\/&%2 3n pA*=p2® +0A? =g R oY HoY>
B S eord + e3P+ o’
[

(_m«.w-j,wr}

/ P

{eunek’, wlr!’, e’ )

& AT BT R

SE M s Akt cwd -
3

it
R 5% (oax-an’) s - enps s Cur Y- eoer
= ot co‘z}ﬁ toeerr b cw"o(:-c.cz‘/fr cinty =2 aaxan ¥
mﬂw{s’ t coeren?r’)
B S (erncteneds mjjmﬂ'} cew el ) - 120
beBi)) amd (22 )
"% cn b= crdX cerot’s w(f;m/; b e ¥y

§



KL LN ST
R o-ptat
%l Cop= & @ D 8)e;
= 2.; BH'AJI:
={AJ'= Bea
3 UB’]&*
:(AB)tA'd
5 C=(A8) ?r(,qs)’:a*ﬂ"

) e (aB)'-8™R”
(B'A™)(ABI= B (f'A)B= B'B=]
(ABYCBA™ )= A(BBOA = AA"-1
FCBAE Apifzd
& ogat (A"

4R BIDEMI 2R L) AR A nsh - G2 (IErE 2
REJR A

23 s [Me A0
LA, An|
Aebit Anpoaz 0 @ Mupn e pidn o
PR T T S Ah;fﬂ)fm:)“'xrﬁ_“z.:}
ICREINEY
= (AL AT
< A

: ‘m[ A A.‘] (A A, f P ()”‘21‘}‘;;1 Aidor e )
4 j\“' An A 4 t'\il!’llrf‘_/‘h}u j.,lffju e
= el f ; f' I—- /

7



=€ ﬁ’ﬂ v FEEEAL Wit it o] (1-1)
: [3\&] X€=§»/\qx‘

a {,2-— I- . ‘ I
VR TN = FAWP ORI = 22040 %

& ?.:1: S,ﬂd}mzﬁj {-:L}xdhm)'ld Yk . %k "‘{;)\N;MK

16 B- 33 A-ATAPREED  2hpad s M EAATR4OFL UL
?Jﬁ];& .>2i’:']‘$ 23 Imdia

G e co. et )

N
#lp: _BF < BE-_

e ]
JAF 1 15E]
P T | +4-/
FERVEL
2 J’I
3.
. L i
X 0= elg

!1‘?&’{!5}3‘5?;51;150 Tﬁ]ﬂ ?.';‘(..ﬁ e 3T %44 7]

3



“‘lh

L3 -3 R Aok Es BA U p

o R LKy X2y Ky )
2/
/ 5

1
x - @ Ki

P*ina;’”f; VIfhAE e XFr( - T

U PRCERTR S Eisfidh)
\5}“.“,",) 12,

TR e AL iRl B P4 348
RiEERlTL & %

] FAL pird sf PARRLZ ER]#r 5 asm



-8 30 = %3%#%‘%(%’& seakar FndMJ) A";g c "Zj;

fﬂf-c = A A As

B B. Bs

¢ o G
TR e NARLRN R airig&.é’,ﬁf;;%;;,;ri o
(RxB).Z =B (BxC)= B-(&ch) =(CxA)- B 62 24 TA
(FBE) L3 puple sealon ot , o5 5} BAH] A 21Tt x
aT_gr wABC ﬁ‘]’M F17 Ao 1F 1334
[‘H (AxB).C = | A A As

B, B By
o GG
(z‘,(g;‘;..“ &8 )
[ A As 45[ ¢
B B Bl
s i! LR A;| [ A Asy . Ii A :4¢|
P8 By B lg;l i 8, B
- | @ ¢ e |
.I A £ Ay '[
! B, £ B:i
.[ " A Ay
8 5. 5
& < Cy
A(BxT)- (BxZ). 4 - | 8 5. 8,
KN
A A .!



[



208z A% L8R L A8 FARE 2 Ascf'f/i

7 %
i3y 3E Htansc i
B
A/ -5 a
\|/ - 22
Y >y aABE DR -+ JiEx A
N / =E’{{A-&‘JA(?‘-
X ¢ LBl
-l JRXE B rixd]

@ DA i Dgr’ OC ”I”T’F:Sé)( L {Pw.&(cf}pt
I’:ﬁ;{"i | vt .2

o i»j-?nb Abcd JEER
[ 1axbeel

2 pasci rfy,y,{

axd.l
| & xhrBesrivil

g

Bieemi ot R FA

7

sor0 XAFk 9% A
- = -
AxT =8 A

B8 0RA: x)EEY

;\'7‘/

A4 rz.xxl (F11E] qon0 = 1B]
A-Z- 1B Xleno=9
¥= |2 cnp 5 + 1 X amt r§1|'|'_3f.'-

12



I |§'u4f
L P A, Bl B
3R 12l 18114
A . Y
LA, BxA
A'} ’q]
Exit 9
A

Pt ¢ A B) (At f;) }:(;fl‘é\g}{/if*
ﬁ%:

T

- -‘ ,..--"'
VB /¢ .
¢

i )e

._\ r“

a
FLENTE IF1% 13)% 3 1) 1B ey
JE1 2 A E) (A E
AT B R 2d
5= (3 18l cad = -5 16/ ctn
WAL 1E1 L BT 208) 18] cae
e & 0733404 :

100 W (AxEIR (Bl )% B 5 E %‘,-\-r, F3LE 4 -
/? E= (B-rc /*\B i
s BxBr TxE -FxE - kA
131 $a¥ = (F)18) 50 X - (114 s
i/

/3



A i "
ﬁl' ;8‘7 ’ ,'5‘1!“

r-03 X F AL TaAA
(80 pr {A-B): caAerB t sa, Asan B
ths @i (A-B) s Sondem 8- enr s B

i T’ |

(u=h, wnh)

(B, 0B )

%

» X
Q- Cg = ] cr(4-B)
s onnd caft sedse B
C L (AB) s cnde Bt semdsaB
- ey A
€ X€s > -3Sin( 9-8) K
ol 4 A
= ! ’ i K
| cnp sA 0

et sinB ¢

= - ( fin At B= pindsa p) E
IS0 (A-8): samAdenr B cond 5

/=i “'Laff

Wy Z ¢ e Foes
JA_J e,JLF, o

,] (_b)‘-?:gi"}‘g igj-r: 2 cs:f_

) ”TF ]K tn k= é

4



