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(AfeeT SISTTUTE (Vector Algebra))

¢ In most sciences one generation tears down what another has built and what
one has established another undoes. In Mathematics alone each generation
builds a new story to the old structure. — HERMAN HANKEL <

10.1 9T (Introduction)
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10.2 B MUNYA Hhed"Td (Some Basic Concepts)
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ff U Y@ e @ wedn ¢ [#ehta 10.1 (i), ()]
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3MeRfa 10.1
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T B 9 et wer feem areft Y@ ¢ 9 ufmor faifia 2 S @) 39 g B U
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e dfee fF wh i Tarde ofew ear @ (@Rfa 10.1(Gi0), 59 AB 1o
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fearfa @fawr (Position Vector)

wen XI ®, f-fadtg <faromad! wweifies feons ugfa &1 =wor wifsw
(@meRta 10.2 (i) sfafer # 5et fag 0(0, 0, 0) = e Tk U@l fag P ety forees
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3T 10.2

Ty fog P o1 feorfa wfker weaar 21 g8 g3 (e X1 @) %1 STER 3 g OP
(1 7 ) o1 uiw frefafed w9 9 9w g 8

|(ﬁ|=\/x2+y2+z2
=ER # o fag O % wmw, faget A, B, C 3t & feufa wfew w79 45,6
T fafde fore sma € [emepfa 10.2(ii)]1
ﬁ%"—m (Direction Cosines)
T T35 P(x,y, z) 1 feafa qfcwr OF (s 7) o <t o atmpfa 10.3 o <wrfen
T B HEY 7R x,y TS z-3181 I eFICHe QNS o WY ST MY HHIT: HI0]
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a, B,@yﬁ?ﬂwmélﬁma?mﬂﬂ&ﬂﬁcosa,cosﬁ@cosym
7 o T&eh-hIETE Teald & IR WH=Ia: S9! HA: [, m T n o Tfdse fopan st 2
3Mepfa 10.3, W B9 <@d & o 1St OAP U wHenior 519 © 3R 39 s o &w
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7

OBP TS OCP ¥ BH cos f=2-Td cosy=_ To7@ Tahd &1 36 WK fag P o FwmaHi
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TH A H Thd & TR[2+md + = | TG WHEG: a2+ b2+ P # 1

10.3 GfE9N o YR (Types of Vectors)
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€, We onfem wfew wean €
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FUTAeh Gfe9T (Negative of a Vector) T Hfe1 fwert afwmn fiu g wfger (@
A AB) % M © W forwent feem R gu wfwr #1 fawn o fawda 2, e gu afe
HT BUMHF Headl &1 IIE0E: AT BA, @R AB &1 HUTAs ¢ X T
BA=-AB & &9 ¥ for@n e 2
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1. SR ¥ 30°Yd 7 40 km o oo =1 ster@™ &9 Sifsw)
2. frefafea Al w1 sAfee T wfw o w9 5 goffag ity

(i) 10kg (ii) 2 #eX SW-ul¥=m (i) 40°
(iv) 407me (v) 107" pad (vi) 20 m/s?

3. f=fafeaa # sfcw o wfce el o 9§ goftag Sl
(i) F9I TS (i) 0 (iii) =

(iv) o (v) &
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4. 3R 10.6 (ww =nt) ® freAfafaa afced = e
qEau)
(i) wB-amfeH (ii) 9=
(iii) T@ WY THEH d
5. frafafaa <1 s 9 stan 2@ & &9 ¥ i)
(i) a 91 —G "@ 2 -
(i) 2 W@ e w1 qfEr ged uE e 2 aarcgﬁfmo.e
(ili) TAE G o < GfEw W@ B R
(iv) T 9 St ] W 9iew g9 g
10.4 |fE9T T AR (Addition of Vectors)
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IEAU: STHTA 10.8 (ii) §, TH AW p o6 afmmr wa fxen =1 9Rafda fe fom sw
TR THiafd feran @ aifer seent uRfues fg, g o sifaw g o Hurd € a@ fygst ABC
1 T g1 AC 3R Frefua |feer G+ p 39 i<W g qe b 1 A (31eran gRomH)
TEH Al €, 19iq B ABCH g9 9 € % AB+BC = AC [3Tfd 10.8 (i) ]!
e H: iR AC=—CA , T8fT Suder Teiehtor ¥ 89 ud ® fo

AB+BC+CA = AA=0

79! did I8 ® for feRdl Brege 1 oqenedt 1 A ww % o forn Se @ 97 =
RO T SR AR e B sifen e We 3ifon feg SOt 81 Wi € [kt 10.8(ii)] |

e Uk Gew BC I &1 30 YN HifSC difes sqehT aftAmr 9fEe BC, o
ofror & GEM @, W 39! f&en BC &1 fen & fauda & emepfa 10.8(ji) srefq
BC = —BC @ 19 o &1 9 3d gu [SMepta 10.8(iii)] ¥ 89 I ¢ T
AC'=AB+BC = AB+(-BC) =d—b
wfeet AC', G Nb & @R & Fefia w8
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I TAR U9 T AR AN i
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(afemmor we fen wfeq) < wfew @ @enp
? (3Mepfa 10.9) 6 TAMR wges ®1 &
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st Fm 1 ST T B ST 10.9 ¥ BH e F A © 6
OA+AC =0OC T QA+ OB = OC (HfF AC=0B) f& ¥oR =gdw
fom 21 om: &9 %% T ¢ f 9w 9 & oW Tt W o g B
afayr ITRA R gumﬁ (Properties of vector addition)
ToTerd 1 R Wl G oqen b ook fog

i+b =b+a (shHfef-aeaT)
Suuf iR FqIF ABCD &1 &AfSC (315fd 10.10) W AT AB=a IR BC= b,
Ta s ABC ® f19e o &1 39 &
WM EFH AC = a+5h
U Td SH §, THY Sehfd 10.10 |
AD=BC=b 3R DC=AB=a 8 T: B
ADCH 3y fom & "M ¥ AC = AD + DC

=b+ad

HAd: i+b =b+a

worerd 2 i Gfkel G,k R ¢ feg
@+b)+¢ = a+(b+¢) (FEwd )
suufa 79 A, |feei .5 denm ¢ I HET: PQ, QR Ua RS ¥ fEfyd fmen
T ® S TR emmeRta 10.11(7) 3R (ii) ® @i e 2l
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GE| da+b = PQ+QR=PR
&R b+¢ = QR+RS=QS
ERISH (@+b)+ ¢ = PR +RS=PS
Einy G+(b+¢) = PQ+QS=PS
ard (G+b)+¢ = a+(b+7)

feuruit e AR o HEEd oM 1 WeRd 9 B9 9 |fewl 4,b @R é
IANTFA HISH] H1 ST fT fal d +b + ¢ o &9 ¥ forad 2|
e wifse fo fredt afew g & fow g9 o 2

i+0=0+a=d
75l 1 wiew § WiEw Arhe o foe e getive wHEdn 2
10.5 Teh WQWW'{;‘TH (Multiplication of a Vector by a Scalar)
oM oifeT foF G ek feen gen wiew @ 8k A U eIy @)1 a9 |iewr g o oifew A,
T e T8 A a & w9 H e fia s @, afke g 1 ke A 9 or seer
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T o STTHR A G 1 TG0, G o THF Srere faudid eidl €1 4G 1 IRET Goh aREm
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|Ad| =|M\|la]
T 3w W TfEwt o T[UH 1 ST Aesiehion [€9 F1 HedT (visualisation)]
Pt 10.12 § & T 21

7 s
S 75 M 7 "
K A
3TeRfa 10,12

SaA=— 1,99 \G=—g S Tk UH Giewr © TorEent 9@ @ o 99 © 3R faum
d ot feom o foauda 21 afesT —a QT @ &1 RS (3T AT Uiad™ ) weamdn
2 SN BH BN G+ (—d) = (—d)+a=071d
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10.5.1 T @iqyr &F gTh (Components of a vector)

g fagati A1, 0, 0), B(0, 1, 0) 3R C(0,0, 1) 1 HHT: x-31],
-3 Tz R o &1 9 T

|OA|=1|OB| =1 3R |OC|=1
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HUI: 0X, OY 3R OZ &l & Ry umieh WKy Hea 8
SR TR A §, § ek £ B fAfde R s @ (emeEfa 10.13)1
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OP, = 0Q+QP, =i +yj
3ﬁ'{ 6§:O—Pl+ﬁ=xf+)f+zl€
39 YR O = |iel P o1 fearfd |k OP (@19a1 7) = xf + ) + zk o &9 § 9

Bl 21
fret ot |ieer 1 9= ®9 Sew ®Y FHEAd S| TGl x,y Ud 2, 7 o AT TEH

#EAd € N xi, )] Wd zk wANE otel o STfRW 7 o WKW WH wHeemd &
FHfi-wfl x, ) T z ] GHHITUER S2h off HEl S
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‘ Y X oy
20" 7S -
Q .
P,
3MeRTa 10,14

X

et TfERT 7 = xf + ) + zk , 1 T TEFTG YA T I IR FANT hich qia A
&1 S T T TH A FW § fF wmaEm s 0QP, # (Ml 10.14)
|OP, | = {/[OQP+[QB =/x* +
SR T 39S OP,P, ® &9 W ©
|OP| = /|OP, [* + | RP[ =/(x* + )+ 2
N W%W$F=x5+yj+zleaﬁm|7|z |xf+)j'+zl€|:\/x2+y2+z2
®9 H Y9I |
;ﬁ(ﬁqﬁ(ﬂ G I b e ®EFAA: af +a,]+ak IR bi+b, )+ bk 5 KT
T A
(i) =fEei a 3R bawr =
G+b = (a +b)i+(a,+b)] +(a, +by)k % T H T B 21
(i) @ a SR b =1 HR
a-B= (a —b)i+(a,—by)] +(ay—by)k % ¥ H U Bra B
(iiy wfEwr @ 3R b ¥9M B ¥ Ak iR Faw Ak
a, =b,a,=0b, 3R a, = b,
(iv) Tt sifcw A 9 @fser g &1 oA

A = (ha,)i + (hay) ]+ (hay )k BT =T €1
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Tfee 1 Arhe SR ferd stfewr @ @iy @1 oE whwfed w9 # Frefted
foraeo-frem @ fiern €

T WiT o @ 3R b hiE 1 Wiew § SR AT m A AW € e

() ki+md=(k+mya (i) k(ma)=(kma (i) k(a+b)=ka+kb

feauit

1. 319 Uferd Y Tehd € foh Ao foRelt oft o of forg wfger g eden @fewt @ =

@ B arad W 9 9ikw g 9K b W@ et g ® AR iR et Ak uw ™
YRR S A BT A & AF =g B AR A& @ 3R b wew w9 H Ky
BUE, AU d=a,i +a,] +ak IR b=bi+b,]+bk a9 < Ficer w@ & €
AfE 3R ket 9
bi+b,j+bk = Mai +a,] +ayk)
& bi+b,j+bk = (a)i+(hay)j+ (hay)k
= b =M\a,, b, =ha,, by =\a,

=
2. 4K G = alf+a2f+a3l€ T a,,a,, a, A i % Tep-3rua Feard €

3 Wﬁl,m,nwma?ﬁﬁﬁ—ﬁﬂﬁﬂﬁaﬁ

li +mj +nk= (cosa)i +(cosP) T+ (oosy)l€

e gu wfwr =t fKen o Aok @fgw @ el o, p @y Ky g af e g waw: x,
y TH z 3181 o 1Y SEIE T R0 B
SETETT 4 x, y 3 2o B T HIC AR R G= 7 +2)+ 2k I b=20 + i+ k
U €
o o e o 31 wfe 99F B € 9 @R shaet Afg Sk WA See WHE 2
aa: feu gu 9w g oik p @WM B A IR shaed Ak x=2,y=2,2=1
SETETUT 5 0 AT G=7+2] 3R =27 + | 79 F |a|=|b|2 20 AR 5 R b
T B2
ze el || =y +22 =5 I 5= 412 =5
T |G | = 5| W U gu wfw w9 & ¥ Fifk T 9 vew fa )
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SETETUT6 W G =27 +3] + kb I A0 W® A6 Hifog

Td WY 5 % SR " Ay a—mamwaﬁm%

3 ld| = 22132 +12 =12

1 o n a2 4 3,1
Tgfa P : : L = =i+ —F

¢ W(ZZ”]”‘) N 7R VRN 7
SEE0TT WRY G=7-27 % Ry TH UE iy 91wy frwent 9imm 7 g 2|

1 ) A A 1 .~ 2 4
= f=—F —— (-2 =—ef =}
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Tqfere G srfee o 7 aRET oren wfkw 74 = 7(%?—%%:%5—%}%\
SarEto 8 WRRN G=27 +2j-5F W H=2f+j+3k % ATEA & TR AHE
e A shifery|
7o U gu wieen %1 Armha

G+b=¢, S& ¢=4f+3] -2k B

3R 1G] = J4* + 32 +(2)" =

O S B S
p=—C= 4 +3] k)= =i+ = - ——k
¢ |5|c \/5(1+] ) \/2_914—@] @ T
SETET0T9 WKW G =1+ ] — 2k b fach-erqura foafau eI goeht Temmar 9 fKep-hiare
1 ity
7o oA T foh |G 7 =xi + j + zk o [RE-31UM a, b, ¢ AR 5, HAME I2H
X, z 8 € gafere fRu gu afew & fow s ad 8 o a=1,b=1 3R ¢c=—2%1 T:
qﬁl,mﬁ?n@@ﬂﬁﬂ&ﬁ@‘—ﬂﬁ%%ﬁ’
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== =
o o e [ e TJ

—7=T(azr‘rﬁ=ﬁ 7 1=6)

7]

-
*



afewr s 453

10.5.2 & l%lga-ﬁ' &I i arem afeer (Vector joining two points)

A P (x, 3,2 SR P(x,, v, 2) 7 g ¥ 7 z
PIE'ﬁ Pzﬁ e aren @fer ﬁ’; 2 (3T|§»"ﬁl ; P2 (X272, 25)
10.15)1 P, 3R P, 7@ fig 0§ free ® -

3R s oM 1 wEn v e W oen i ﬁx )

OPP,¥ T4 2 f% OP + PP, = OP, R Py(x1,1,21)

A —> —>Y

Tfeer AThel o O T STAT H T i 0 "%
ST TR frfafad w9 9 foran S gl

PP, = OP, -OP,
SR ﬁ = (x,d + y2}+zzl€)—(xlf+y1}'+zll€)
= (x-x )f"'(yz _yl)j+(22 _Zl)lE

|feer pp, b1 ARAT [RP,| :\/(xz—xl)z+(y2—y1)2+(zz—zl)2%‘Wﬁm
Bl B
S0 feget P2, 3,0) T Q(-1,—2, —4) & e a1el T8 P8 Q&1 W& i
iy 7 hifSw)
T iR |fEe PR Q& W fawe ®, Tyweq: P yrfuss fag ® e Q sifuw fag 2,
TAfeIT P 3R Q i firet aren ensfiee wfew pQ, Frefefad &9 & 9 el 2

PQ = (-1-2)i +(-2-3)j +(-4-0)k

a7t PQ = -3/ —5] -4k
10.5.3 @< YA (Section Formula)
A ey et foig O o @mder P 3R Q &1 foig ® et Q
feafa wfewr OP ofk 0Q & fr&fua fFam o 2
fagstt P @@ Q &t THam aren Y@ we fordt d fog
RSN & WhR 4 fawifed fan w1 @ 21 efa: g
(3Tpfd 10.16) T a1 (MM 10.17)1 & TR

iy
IRYT 4 95 O o | fag R &1 feafa @fkwr OR 3T 10.16
A HE 21 BH S Ferfadl o - He o B

frafa 1 SR, PQ &t 3fa: fawrfaa wtar & (3merfa 10.16 ) IR, PQ &I 39
THR faufsia @ € 75 mRQ =5 PR, STl m 3T n ¥AIcH® feet € @ &9 &ed ©
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fof fSg R, PQ & m:n U@ ¥ 3fa: faufsid < €1 o/ f3sit ORQ T OPR ®

RQ = OQ-OR=h—r
i PR = OR-OP=7-a
EISI m(b—7) = n(F—a) (F?)

mb + na

e - (T T W)
m-+n
aa: fag RSN o P SIRQ &I m:noh U o ofa: fawifoa swwar & =1 feafa wfgw

mb + na

OR = % ®9 4 U Bl 7
m-+n

feafa 11 9@ R, PQ &t =@ fawrfaa war 2 R
(3MTeRTa 10,17 )1 T8 AT HET 89 USH o foQ R
T U % &Y § Bigd ? % W@rEe PQH m:nh

v

3T | 9 fawnfsa e art fag R (i.e., ®n

mb —na

1 feorfa wfewr oR = — — % &9 § W< B B 3mepfa 10.17 P
feaoft afs R, PQ 1 weA fiig & 1l m=n 3R ufer feorfq 1 @ pQ o wex fag R

aﬁwﬁsxﬁruﬁﬂo—R=a;bé€mﬁm|

SETETOT 11§ 8 P 3R Q wfifsty foren fearfd @ffwr OP=3a-25 3R 0Q=d+5
g1 T @ fag R o feufq wfew s e s Pud Qw1 fiei aredt 1@ =i 2:1%
A H (i) 37q: (i) T faenfor w=ar 2
TA
(i) P 3R Qo et arelt @ =i 2:1 ok U o fd: fawifsa e ol fag R
=1 feafa afsw @ ~ -
oF o Ad+b)+@Ba-2b) 5i
3 3
(i) PR Q! fei archt T =it 2:1 % 31U | a1y fawnferq <7 ot fag R =
feorfq afew 2:

. 2G+b)-(Qd-2b)
OR = o1 =

4b —a
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SaTE0T 12 S9isT. TR 65 A(2F - j+ k), B(f—3] —5k), CG3i —4 ) —4k) TF THH
EEEICOR RS
&1 89 UM € T

3R

AB = (1-2Y +(3+1)j+(-5-Dk =— —2] -6k
BC = G-1)i+(—4+3)j+(—4+5k =2i—j+k
CA = (2-3)i+(-1+4)j+(1+4)k =—F+3]+5k

Tgor Afafea wam <ifse fo

|ABP? = 41=6+35=|BC|* +|CA ]

1 fean gan fqs & wHaio fe 2

|[wgemarett 10.2]
. frefafeaa afet & afmmr o1 9w Fifs:
=i+ jrh  B=2i-7]-3k t=m=it—a=)-—k
3 37 \B

2. HEA giEm 9« ] fafu= afes fafau)
3. gaH faem 9 < fafv= afse fafau

0N A

10.

11.
12.

xﬁ?y%%ﬂﬁaﬁmmﬁm 20 +3] 3R xi +y] HHH Bl
T HiE9 1 IR g (2, 1) @ 3R eifam fag (-5, 7) @1 =@ wfew & sifgwn
T4 GiETT o2 A HifIg|

L WM a=i-2j+k b=-20+4]+5k R =7 —6; — 7k 1 ITHA T I
. few d=i+]+2k % S TF WEE WY 9@ S
. ke pQ, & Y AE AW I HIfST W fog P 3R Q %A: (1,2, 3)

3’ (4,5, 6) Bl

. few g wfewti =2/ - j+2k W b=—i+]—k, & fau, 9w G+5 =

ST A <Y 1 oy
TR 57— 42/ ok ST Toh TE WKL A HifC SERT ARAT § THE T

Toiisn fom @fewr 2f =37 + 4k 3R - 47 + 6] — 8k W@ |
qfegr 1+27 +3k 1 f&ep cosine A HIfS
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Tfora

13. fogewt A(1,2,-3) T B(-1, -2, 1) &l fHaM a1t THA ¥ BT WE I Afkwr
aﬁﬁa\‘?cosineaﬁﬁml

14. e fF 9w {4 j+ 4 21 OX, OY U6 OZ % Tl SR’ a1 gaml 2

15. forgafi P(7+25—k) 3 Q (—f + ]+ k) ! THeTH =eft W@ =i 2:1 o UM
" (i) ofq: (i) =1, faenfsg w1 @t foag R 1 feorfa afer 9@ wifsw)

16. < fagaii P2, 3, 4) 3R Q(4, 1, -2) =i et =rel Wigwr =1 Hex fag o shifsmy)

17. wign foh fag A, B 3R C, oer feafa sfewr shwen: =37 —4j -4k, h=27 - j+ £
AR ¢ =7 —37-5k €, ush wwehror Frsget o vl w1 fmio s €

18. IYSTABC (37 10.18), o forw frefefaa & @ i @1 %or g 72 21
(A) AB+BC+CA=0 C
(B) AB+BC-AC=0 %
(C) AB+BC-CA=0 A [
(D) AB-CB+CA=0 TeRfd 10.18

19. =% @ b < wrE W & @ Frefatgd § ¥ S 9 Feo 6 T e
(A) b=2a, fdarfem Lo fog
(B) a=+b
(C) G 3T b o HANE ¥ A & 2|
(D) < Gfeell g qen b w1 fen guE ® W i fafa= )

10.6 =¥ |feyn =1 TOT%R (Product of Two Vectors)

1ol A%k THA iR o ANTHSl Ud oo o SR W 1 oAl ] ofd AN Sevd
TIESI o1 UFHS ATHh Teh SO Siioia HihaT 1 =i hel §1 BH THOT T Wehdl ©
o <1 el 1 PAEA T T Bl T, J SR 1 [PAEA Tk e el € W
werl w1 ferfa & &0 3= < YRR U o1 Y Hehd € AMd: 31 Sl @l fagar 1oH
Te < el T HASHI S WehR |G w1 OF i &1 alioh 9 uRefya feman S 2
A A TUHh SEl uRomd ek SifEer g @ SR Wik [onhe sl qiumm T
ey B B1 WKl % T T YRR oh UMGEl o SHR W SAHd, At ™
SRRt o seh Tl ori €1 59 Ress H ¥1 37 < YRR o [UHel i == Sl
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10.6.1 & {iEvN T 37fe9r TUTTH [Scalar (or dot) product of two vectors]
aftarer 2 9 YR wfew @ SR b 1 S PEEA 6 - b gn Hfee R S R
AR T 5.5 =|d||b|cosOh &Y A qRWIE fepan s 21 »
el 0, G A b, B A BB E A 0<O<n (SR 10.19) /X
% G =0 s1gar b = 0, O 0 TReNfod T&T T iR 3@ feafq A
&9 - b = 0uff w < TRt 1019
weror
. G.b U arfas e 2l
2. WH ST R g ik p R YIR WKW € 99 g.h =0 IR AR had AR
G SR p TWER TIEq ¢ AN G-b=0< aLlb
3. ARO=0,7 G-b=|dl||b|
fafereq: g.a=|a?, #ie 9 fefa 5 0=072
4. R 0=n, T G-b=—|d||b|
fafsreq: a-(-a)=—|af, s & 3q feafd 90, n o aqew 2l
5. ga%2®3¢@?ﬁﬁwmwuﬁsﬁ i,] Wk o fau em

ii=]] =k-k=1

qef ij=jk=1Fi=0
6. < AT W g 31 p 6 1= H I 0,
cosf = #a.bq 31Udr 0 =00s1( #a'bﬁ JWWW%l
|d|b| la|lb]

7. fEe AR % fafe € srefq
i-b=b-a ()

fIYT TWHwS F I WE@yYUl TUTEH (Two important properties of scalar
product)

ot 1 (fRE Uk 1 FTha R faae fam) 7 i g, b R ¢ i
gkw ¥ @@ a-b+¢)=ab +a-c
Tuterd 2 AW W g el p J few € O 4w efewm ¥, @

Od)-b = Ma-b)=a-(Ab)
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I | ww Tew ®9 W af + a,] +ak T bi +b, ] +byk , KT g T qW AT
et orwe Frefetead 9 § W g @
G-b = (ai+a,]+ak)-(bi+b,j+bk)
= alf‘(blf+bz}+b3]€)+az)'(b1f+b2j+b3]€) +a3]€'(b12+sz+b3i‘)
= a0+ aby (i ])+aby(-k)+ap (j-)+ab, (G- )+ aby(j - k)
+ asbl(le' ) +a3b2(l€-j‘) "“’3173(1g k)
(S0 TorEE | SR 2 1 ST R W)
=ab +ab,+ ab, (J&UT 5 HT TN HH W)
T URR 5.5 = a,b, + a,b, +a;b,
10.6.2 T @IQ9T T fehdr I@T W AT gag (Projection of a vector on a line)
oM it for wh | AB forelt e Y@ 1 (e ofifse) o @ ammed fien o 0
0 S 21 (3P 10.20 2fET) 99 AB &1 /W ¥EW TF HEw p (WA efn)
2 foraert afEmn | AB | cos© ® 3R frant fawm o1 /9 fawn & wwe st fawdd g
70 o W F9R 2 T cos 0 ¥ € 19 SR0TcHeh | WSyl p o1 Y& Gy Fed &
SR e urE | p|, ffée Y@/ W mfew AB #1 WEM wEer 8 SEEvE:

frfafad § § yo® oMepfd § 9fEe AB &1 Y@ [ T &y |fze AC 2
[3TTeRTd 10.20 (1) ¥ (iv) T
B

B
/K I :\<\e I

A ;> C C ;> A
(0'<6 <90") (90°< < 180"
(@) (i)
FEL ->

Ce P I ,9\ P C I

B ‘B
(180°< 6 < 270" 270°< 0 < 360°)
(i) (iv)

3TMeRfa 10.20
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LR
1. @/ sfw Ak p A ofew € O W@ /R 9fkw g 1 UEY a5 9w
B 2 i
2. U HiEY G W G b, WYLT G- b, 3Aqall a(i],aamé(a-B) g
b b
I Bl 2
3. A 0=0, A AB 1 48T HiEY @ AB = iR af 0 =x @ AB &1 y&W
qfesr BA &I
4. afg 9=§ e 9=3—; @ AB T Y& WiEw Y WiE® g

feuuit Ao, By TR G=af+a,] +ak F Eb-F0 € o THHT fecp-Frared
frfafed &1 & 9 &1 51 Tt 2

fl'a :aTl, cosBza—f, and cosy =—
lallz] [a] la al

)
cosoL =

g oft e T % |G |cosa, |d|cosP 3R |d|cosy FHI: OX, OY 7 OZ %

IR G o AU T rfq WY g ok AR Tk a,, a, AR a, FE: x,y, T z A
o I 5 o U&IT B| STk (e AG 5 Ueh Heh G € T SEeh! TEeh—oh @gH
FI eI 9

d=cosou +cos p] + cosvk

% ®9 § oifqeed foral ST 9ol B

SETETOT 13 T iR @ R b & uRHor wEe: 1 3R 2 ¥ aen d-b=1 g gikwi o
S T I A ST

wor fem gem % d-b=1]a|=1¥R|b[=2 s

0=cos™ fl'b# =cos_1(lj:n
lallb| 2) 3
AR 14 W G={+ kAN b={—j+k o s HT HIT T BT

o1 3 GRE G SR 5 o o9 H w1 0 F g Ued 7
9 9w Bl Bl

cosO = #. —
lallb|
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a9 ib=0C+j-k)-(-j+k)=1-1-1=-1
-1
TgfeT, &9 U@ © TR cosez?
1q: s1efise o7 ezcosl(—;J 2
SEETOT 15 A€ G=5(— j -3k 3 b=1+3j— 5k, Tz ok wEW G+b 3R
d—b e 2l
T B9 A ® fRF < IR A daeq B ® Al SR ey oree g @)
=t i+b = (51— - 3k)+(l+3] Sk) 6l +27— 8k
N G—b = (51—} -30)—(i+3)-5k)=4f —4)+ 2%k
Tgfa (G@+b)-(a—b) = (61+2]—8k)- (41 —4] +2k) =24-8-16=0
Ad: i+b I a-b Wﬂﬁ(ﬂ%l

AT 16 WRW G=27 +3j+ 2k 1, WA p={+2j+k R 98U @ &S
ERIEt aaﬂﬂfwbwum

1 a ! (2.1+3.2+2. 1)—£=§ 6 3

5] b) - JOZ + @7 +qy V6

SEETOr 17 A T 9w gelw b T WER ¥ R |g=2, |b =3 O G5 =47
|G—b| I BT

T T W € R
|a b| — (@-b)-(@-b)
—dd—-ada-b-b-da+b-b
= |af -2@@ -b)+|bF
= (224 +(3)’
gafery la-b| =5

SEEIOT 18 AR ;5 Uk AGEh GR¥ € R (X —d)-(F+a)=8,d | X | Hife

Tl i § Tk AE WY 7, WA |a|=1.98 f g g fF
(x—-a)-(x+a) =8

S X-X+X-a-da-Xx—a-a =
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SEETOT 19 3 9w g sk p, % fau wea |4 a||b| (Cauchy-Schwartz
srafhenT)|

o @ gg orafeh s 9 W W ¥ AR G=0 otgen b =0 .9 ¥ 39 feafq o
T TR ¥ TR |G.5|=0=|a||b|. THCT €0 Heqd W § ok |d|=0|b| 7 wd

- Zb C
@b 7 x
G5 = cos0I<1 fireran 21 ¢ 4
A
- . > B
g'g'[\?fq 7-bl <|g a
la-bl<1allb| 3TMHTa 10.21

IETETOT20 < RN G gon b o foQ ®=d |G+b |<|d|+|b | (Fros-srwafie)
Tl & g orfme, S fefdEl =0 b =0 ¥ Wes ®Y ¥ W T (F 2)I T@T
A AT f |a|=0=[b| @

|a+b P = (G+b) =(G+b)-(@+b)

—G-a+a-b+b-a+b-b
= |af +2d-b+|b| (fEer UrEe wH fafte @)
< |aP+21a-b|+|bP @it x <|x|VxeR)
< |af+2alb|+|bP (ST 19 )
= (al+|b])’

3 |G +b|<|d|+|b |

| oot | =% froge-erafien & fteht oo et @ (ST 3SR 20 ) 37
|G+b|= |d|+|b]|, @@

|AC| = |AB|+|BC|
fag A, B 3R C W@ <wifen 21

SETEToT 21 TS & 65 A (<27 +37 +5k), B(F +2/+3k) 3R (77 —k) @ 2

T BY W U e
AB = (1+2) +(2-3)j+(3=5)k=31 -] - 2%
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BC = (7= +(0-2)) + (-1-3)f =67 -2 4
AC = (T+2)i+(0-3)] +(-1-5)k =9/ -3} -6k
\AB| - VT4, [B(|=2VT2 &Rk |AC|=3Vi2
T | AC| = |AB|+|BC]
aa: fag A, B 3R C ®@ 2|

IR 21 F A AR 7 AB+ BC + CA =0 g T 0t &3 A,
B 3R C g o el a1 frmior & sed €1

|[wroamarett 10.3]

1. S ufeei aaenb & e wEw: 3T 2 ¥ SR a-h=6 T aqnb
o S T iU AT HifoC|

2. WM j-25+3k R 3{ =2+ kb s 1 U €@ HISQ

3. ®few {4+ ] WER® [— ] 1 9aW 9@ i

4. |RA §137 47k 1, WG 7]~ [ 48k T F&Y G ISl

5. =ufey for fu gu fefofad 6@ afeel § 9 g e @ 2,

%(2f+3j‘+6l€), %(35—6}421%), %(6i+2j—31€)
Tz off <ufen foF 3 Afwr WER T W o oeaq 2

6. AR (G+b) (G-b)=83W|d|=8|b| B @ |d| TF |b | T FifT

7. (3d—5b)- (2 +7b)™ A M HIfST

8. < wfeel G A b ok ARA T HIo, AR T TRATT T @ AR H B A
WW60°%HWWWW%%I

9. IfE TH HEH TREW 4, & fAu (F-d)-(F+a)=12 & @ |%| @ HieQ)

10, I G=2{+2j+3k, b=—1+2]+k SR =3+ jSMIHRET® G+Ab,C
W od 7, d A H HH A BT



11.
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TRz foF <t R wfewt @ o b % o (@ |b+|ba, |d|b-|b|a ™ @9 B

12, AR a-a=0 3 a-b=0,d A p & IR T R kY e o1 Feha 22

13. A% @.b,C W AR W YFRE T G4b+c=0 G-bh+b-c+5-GHAA
A Hifa|

14. I G=0 2@ b =0, T a-b =0 RY A F1 I T TeRaF TEl 2
T IR G 370 IW H1 gfie Hifem)

15. =g feedi B19s ABC & 3fid A, B, C %591: (1,2, 3), (-1, 0,0), (0, 1,2) & @
ZABC 3@ #IfSul [ZABC, @fseii BA Td BC o a9 &l &I0T 7]

16. =s9izy fom fog A(1, 2, 7), B(2, 6, 3) 3R C(3, 10, -1) ®@ €|

17. =x1iey fF |few 20— j+k, { =37 -5k 3R 3{ - 4] - 4k v g1 9 &
3ol =1 = L 2

18. A% YRR GEeT @ o1 URHA 0° § 3R LTk R AKw € @ La Th "
Tfw 7 A
(A) =1 (B) A=—1 (C) a=|r] (D) a=1/r|

10.6.3 3T @lewn’ &1 qfesr TUTT®wCT [Vector (or cross) product of two vectors]

8] 10.2 ¥ T f-forfta sfaomendt aweifore faene asfa 1 == &t of 3§
Tgfd W oFTcHe x-3181 i ST ST eFTcHe 3181 T ] SITdl € al ©cHeh
z-3181 1 feen o ek sferomed! (W) S ST ® ST € [3eRta 10.22()]1

Teh Sfunerd] feeer Ugfd o 5o 10 819 hi STferal i YA x-3787 hi feem

Y W YIS -318] H1 TG et a1 Sl & A1 ST e z-378] i 3R Teohd el

[3TeRTd 10.22 (ii)] &1
Z Z
1
D
() / §
X X (ii)
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aftareT 3 9 YRR Wikl @ 9O b Wiew Ewe axb ¥,
fafdee foran ST & MR Gx b = || b|sind 4 & €9 § TR !
fepen S € W8T 0, G 3R b o o= 1 HI0 € AR 0<0< 1 B .
T i Tk wE i € W fE afw G @Rs S W e 31 -0
T YRR g,bdd A T Sewmed! ugfa i ffda e @ vwﬁmo.zs
(3TeRfd 10.23) SAfq If&romerd! 9§fd i G ¥ b 1 W AN W I8 7 F fwn o
et 2l

T =0 s h =0, a9 0 TR e # 3R 5@ feorfd § 70 Gx b =0 IRenfea
F 2l
1}&-‘l'l'lT:

1. axb wh 9w R

2. WM ST @ R b R YRR W ¥ d@ dxb=0 Ak R Faw A

a3 b TH TN & TR (I W@) & e
axb =0<allb

fafered: axa=0 3R ax(-a)=0, ik om feafa & 0 = 0 qen fadf=
mﬁezn,m@ﬁﬁWﬁsinGWﬂﬂﬁﬁm‘él
3. aﬁ:e:%a‘r axb=|a|b |

4. Y&O1 2 R 3 o WY H WER deeq Aok wiew 7, G ool £ (/k\s
o (amepfa 10.24), 89 1 € TR

? 7

\>—/

fxf:j'xj':l:rxleza
?X]A'IIE, jxlng, lgxfzj'
5. TfEw [UAH F GEEA § 3 WY @ =1 b F " 1wy P 10.24
o frfefaa &9 o W g @
|G xb |
||| )
6. 78 Hds1 g € for ok ot e fafma e g @ i axb = —bxa
e | ax b =| @b |sin0h, &l G, b SR 7 Th fEOTEd gefa ® A S

sin® =



afewr s 465

T el 0, G Yp B WH WhHF HA B el SH 10.25(i) vl
bxa=d|b|sin0n, & b, G3R A TF RIS TS w AT @ R
AU 0,5 ¥ G HI AR THM HA el M 10.25(ii) |

n

(i) 3R 10.25 (i)
S AR T AR AR O & fR AR b A TH A FA FAA F @ A A A
Tl TS o el W e B WG A IS W HU R Al TG B SR T
Y e B W e B S A = —a
T TR Gxb = |d| b|sinoa

— —|a||b|sin®n =—bxa

. Weur 4 3R 6 % Hed |
Gxi=—h kxj=—-iaRixk=—j%
L afx AIRb faqw ) Har el W fef| wW § A e W aewd

SlaxB |3 ww & s 7w ¢
T o &het ki IR o STER B9 TS 10.26 7%\
0 -
A

1
T W ¥ fF B ABC #1 &5wd = _ AB-CD | D 7 B

2 b
- 31I§|§'-| 10.26
W AB=|b| (@1 g1 ?) 3R CD = | |sind

57 B ABC 1 A = 5B ]alsin® =>|axb|
. AfE @ 3R b i TS FY e qenei &1 FRefud I € @ i aqss w5
EAFA |Gxb| o ©F H U F T



Tfora
amepfa 1027 ¥ &9 U € T wHR
=qdst ABCD &1 &5%d = AB.DE.

W AB=|b| (fgar gan 2), aix

466

DE=|a|sinf a1q:
AR FqHS ABCD &1 &5%hd =
3Tkt 10.27

|b||d@|sin® =|axb]|

319 TW WY UATA o & Hequl U i A &
TJT&’]TF [ UATA T ATl T fadwor 724 (Distributivity of vector product
over addition) af% g, b 3R ¢ I TRW T W A TH fw € A

() ax(b+¢) = axb+axé

(i) A(@xb)= (\ad)xb=ax(Lb)
A AU AR g SR b Fed T H BN af+ay] +ak SR i+ by j+ bk

i j ok

fau g ¥ q9 A WEW PAEA 51 ) = |4 @, a| g e s wwa 2
b b, b

iy

T

axb = (al;"'azj+a3]€)x(b1;+sz+b31€)

JqTEAT TH
= ab(ixi)+ albz(fx}‘)+alb3(f><l€)+a2b1(}‘xf)
+ azbz(jx}')+a2b3(j><l€)
+ ayby(kx 1) +ash, (kx )+ apy(kx k) (TqoreE 1)
- albz(fxj)—albs(lgxf)—azbl(fx}')

+ a,by (Jx k) +ab, (kxi)—asb, (j x k)
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A

(Eﬂﬁfxfzijzlgx1€=03ﬁ'{ iAxlAc=—l€><iA,j’xfz—ij?:ﬁTlngz—}'xlAc)
= albzl€ —abyj— azbllg + ayby +azb, j—asb,i
(FMfR Ixj=k jxk=i 3R kxi=})

(ayb; —asb, )i — (a,b; — a3b1)j' +(aqb, - ‘12171)]€

ik
=19 a4, a4

b b, by

SEAETOT 22 AR G=20+ j+3k I b =37 +5] -2k dl|axb | @ Hifw
o1 Tl

W

QU
X
S
[ e e

;

-2
35 -2

= 1(-2-15) = (=4-9)] +(10-3)k =—17f +13] + 7k

37d: |axb| = \[(=17)* + (13)* +(7)* =507

SETET0T 23 WEW (G+b) R (G-b) § W YAF o oded HWHH GEY

HIST W&l G=i+]+k, b=i+27+3k B

TABTHUNE & G+b=27+3]+4k R a-b=-]-2%

% GRw, S a+b AR G—b I R A9 7, FreAfoatad g e @

ik
(G+b)x(d—-b)=[2 3 4|=2i+4] -2k (=¢, ATAT)
0 -1 2
CE] ¢l = Ja+16+4 =424 =26

q: A AR Tiew
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foret et TR &) e feemd Bl B oW G+ b R G — b R T el

e afes %f—%}#%é BRI WY T8 (a_[;)x(aJr[;)qq—[@W%l

IETEUT 24 U TSl &1 &9%a 9d witeg foeeh o9 f6g A(1, 1, 1), B(1, 2, 3)
AR C(2,3,1) Bl

1 B9 UM ® T AB=j+2( 3R AC={+2j.fu gu g &1 eisha

1] — —
|ABxAC| )
2
ik
I ABxAC =[0 1 2|=—-4i+2j-k
1 20
BRI |ABxAC| = J16+4+1=421

31q: e & ;\/ﬁﬁ
SETETUT 25 39 HHIR TGS H 4TRCT [ BT (o T GO G =37+ j+ 4k
AR p=i-j+k g0 & T 2

Tl e goR =qds #1 o o G IR 5 T A SHET &FEA |Gxb| 5N
TS B R

A

i

CE ] axbh =03 1 4=5+;-4
1 -1 1

BRI |@xb| = 2511+16 =J42

T TR ST AT 77 B



10.

11.

12.
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[wrgararelt 10.4]

coafg G=1-7]+7k R b=3{ -2+ 2kt |G xb | @ HISTY
. TWRA G+b R G —p T T H A W T RIS ST G =354+ 2+ 2k

R p=7+2j-2k Tl

| afz T WEE G a,?é:ma%,jahmu%a?m%ékwu@:ﬁaﬁme

AT S A O WA G RIS SR IHHBT T2l 9 G o 52k off [ R

. WM 6 (G-b)x(d+b) = 2dxb)
. SR TR w26+ 6] +27k)x (1 + 4] +uk) =0
. Femgen @ 6 G-b =03 Gxh=0.9C G IR b o 9N H a1 0 Fropd

e Tohd 22

. HF AT AR G, b, & FE: af +ay] +ask, bi+by j+bik, ¢f +c,] +cik

w7 ¥ fau gu € a9 <@ fF dx(b+3)=axb+ax¢c

. A a=03RE b =0 7d axb =0 g1 1 T e T £7 3370 Tied o1

IW &I gie HifTul

. W TS o1 &rhet o shite fores 3 A (1, 1,2),B(2,3,5) 3R C (1, 5, 5)%

Toh GHIR gl 1 &l T hiToTe freh! Ter 9oid |fewt G =7 — ] + 3k 3R
b=2 —7j+k gr fruif

M ofife wfew G3fRp 39 YR € TR |d|=33ﬁ1|5|=g,ﬂa axb T&

e 959 & af% G 3R b o o= &1 S0 2
(A) /6 (B) n/4 (C) n/3 (D) /2
T 4 o oWl A, B, C 3R D fSmen fearfa dfeer wo:

~ 1'\ ~ ~ 1/\ ~ A A A~ A A A .
SASYAS RS AR i—%j+4k aﬁt—i—lzj+4k,%sm e B

1
(A) > (B) 1

©) 2 (D) 4
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fafaer 3ergvor
IEEI0T 26 XY-9a | T} Aes gy fafam)

T UF Y o F=xi+y ], XY § UH AR WEw © (3 10.28) 1 99
3MTepfal oF STTER 89 UK € T x = cos 0 3R y = sin O (iR | 7| = 1). 3EfeTY &H Hig
7 @,

7(=OP) = cosOi +sin0;j . (1)
% ®Y ¥ fof@ ¥hd 2l
T |’7|:\/c0s29+sin29=1
Y
N
N P(cosH, sinb)
Y —>
G\/ A OP’ = cos07
. o 1Y PP=sin0)
€ > = sin
X ol x 7 X s
v
YI
STTeRfd 10.28

SH-S" 0,0 | 2, 7%k URefdd il @ f9g P (3Mepfd 10.28) ared fegn o o
X2+ 17 = 1 1 STTEU Hidl € IR 7o |eft wonferd feend wfwferd €1 ema: (1) 9 XY-
T W e U WiEW Wiwd Bl 2l
sarETor 27 AR fagel A, B, C 3R D, & fefa afew wwer: [+ /+4k, 20+5],

3i+27 -3k 3R{ -6}k T, T W@ ABT CD & = &1 0T Fd Hifsw)
o FIfsT 6 AB 3R CD ¥@ ?

Te e FI fF 4% 0, AB 3R CD, % = &1 &iu1 € 4l 0, AB 3 CD& e
ff & 7

S AB = B fefy wfewr — A feafa wfew
= QI +5)-((+j+hk) =i+4]—k
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e [AB| = )7+ (@ +(-1)? =32
T YHR CD =—-2i -8+ 2k 31 |CD | =642

AB.CD
37d: cosO = /AB|CD|

1(=2)+ 4=8)+(=1)(2) -36
T e 36
iR 0 < 0 < 7, THY W< il © foh 0= n. 7 <wiian € foh AB @2 CD U g
% W 2

=1

ferereaa: HB:—%C—D',WE%'W%@ X Ccp W@ gy T

SEETUT 28 WA ST g, b R ¢ N AW W YRR ¥ |G|=3,|b|=4,|¢|=5
SR T W TH, S I W F AMEA R oo € @, |G+b+¢ | T FifSm

T g M e ® a-(b+¢)=0,b-C+a)=0,¢-(G+b)=0
CL] \G+b+CP = (@+b+¢)-(@+b+7)
—G-G+d-(b+3)+b-b+b-(G+7)
+ C(a+b)+Eé
=|af +1b [ +|¢)
=9+416+25=50
zEfag |G+b+¢| = 50=52
SEETOT 29 @A uiRw 4 b3E yfmy G+b+2=0 B wIE FW@ T AR
|G@|=3, |bl=4 3R |¢|l=2 AT w=a-b+h-¢+¢-aG 1 AF T HifC)
T FE G+b+¢=0, 0T T I E F

b+d-¢ = -al’=-9 .. (1)
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7o a-b+b-¢ = —|b| =-16 - (2)

T Th a-c+b-c =—4 .. (3
(1), (2) 3R (3) = Sgd WeH Id ¢ TF

2(a- b+b-¢+a- ¢)=-29

) -29
a0 2u=—29,1.e.,u=7

SETETUT 30 IS TWER ddad A 9’ 7 j 3R £, & fEomed gsfd & dme
G=3-J, =2 +]-3k @ P B f=f, +, P ®9 F il Hifwe s B,
0% T ¢ R PB,, o % dead 2|

Tl W A 7R B, = MG, A T SR ® St B, =307 - )

<Ll B,=B-P, = -3 +(1+N)] -3k
s B,, & W T ¥ TR &-f, =0
3T 32-30)—(1+1) =0
3era A=+
2
~ 3, 1, = 1, 3. .-
ZHferT Br=i=5J 3R Bo=i+57-3k

3T 10 U¥ fafaer gvAraet

1. XY-aa °, x-3181 1 YA {90 o6 | arread f<en o 30°h1 i S arel
e afcy fafam)

2. ﬁgP(xl,yl,zl)ﬁQ(xz,yz,zz) =1 foem ot Gfee & eifky w2 SR afwm
M wifsal

3. Uk oS! qived 9 & 4 km =l 21 SHoh UvHIq 98 ST 9 30° U=H i
e o 3 km =Terdl € 3R &k Sl €1 TR o YRIeh fog & ergent o1 foeems
T ity

4. A G=p+c,qd FN IR A E T |@|=|b |+|C|? S0 SW &1 e Hifsw

5. x 1 98 A W BT 54F A€ 5§ + ] +£) Th A TR 2

6. WM G=27+3]-k #R b=i-2]+k o RO % TR TH T A
T BT FEent 9 5 e 2



10.

11.

12.

13.

14.

15.
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C WM G=i+ j+k, b=20-j+3k @R c=i-2j+kf, AT 2 b+3¢H

HHIG Teh A HE A1 i)

. =9iie fok fag A(1,-2,-8), B(5,0,-2)3R C(11,3,7) W@ ? 3R B AC

w1 fafsa e aTen U Fa wifs)

. R fagsti P (24 +5) AR QG —3b) I M arel T@1 & 1:2 & T o amwl

famfaad #w et fig R %1 feofd wfcw 9@ FifTw w8 s zwizn f fag p
EEs RQ &1 Hex fag 2

T IR TGS BT Gord GO of — 4 + 5k iR i 2 -3k €1 Tk faekol &
THIR Tk A |Gl F1d iU SHHT &A% i F1d hifag

TEiEE fF OX, OY Wa OZ 1&fi o W SRR F¥oh e T &t fach-hramed

111
N
AA AT G=7 + 47+ 2k b=3-2j+7k 3R &=27 -+ 4k. T U@ Glew
d 9 R ST G 3R b < R a2 3R ¢.d =15
TR 7+ 4k B, AR 27 +47 -5k SR Af+ 2] +3F F AT ki few o
Ak |EY o WY AR [UAES 1 % SR ® Al ) Rl W FE RiferQ)
9 G, b, ¢ T R AT TR e HE A <uien A a4 b+
el g, b qen ¢ % WY S G g R
fag FIT & (G+5)-(G+b)d a|> +|b [}, 3R 3R Faat AR 5, oaq 2|
TR g e & 520,620

169 19T o T3l § F&l ST 1 I94 Hifog)

16.

17.

g g TiRel 4 IR b & o= F FWOT A G.5 >0 B AR:

(A) 0<e<§ (B) Oseﬁg
(C) 0<0<n (D) 0<0<n

T SffST @ 3R b 31 ek Afeer § o) 3% A9 T FU 0T @ a+b TH
e 9w 7 A

(A) 0== B) 0= (©) 0=F (D) 9=2C
4 3 2 3
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18. 1(Gxk)+J.0xk)+k(Gx]) w1 9 ©
(A) 0 (B) -1 ©) 1 (D) 3

19. afE S Al @ IR bpF §= &1 FT 0T q |G- |=|axb| 9 6 TR &:

T
(A) 0 (B)

T
4 © 5 (D) m

arT
o T &g P(r,y, 2) F1 ffd W@ OB(=7)=xf +)j+ 2k & @R aRmm

NI |
¢ T G o Ay UeH U Gep- U HEAN € IR FHHANA A& o w
3ok 9&Y & Feiud w2
¢ T W w1 U@ (), KE-UEA q, b, ¢ IR KE-FHEEA (1, m, n)
frefafed w9 § gafud 2
a b @

l=—, m=—, n=-—
r r r

o TS &1 <A qeneti i wE W oH W S Giw 9 (R

¢ < He-3Nfen giewl & A U U@ Hi =qus o fawol @ e e @
foret Ham g R g wfw 2

¢ U TR o1 AW A Y [UH $Hh YA H1 | A| o O § aRdfdd FR <

2 SN A 1 O HAIcHE Y] BUTHE B o SITHR SHH! fau 1 wHH
e fodia T B

¢ fu gu wfew 5 & fou wfgw h% , G feen o o Gy 7
o Togeti P eiR Q foron feufq wfew woer: g iR 5 ®, 1 e arelt 3@ =i
m - 0 ST et O @ g R R wRe () 2™ s,
m+n

el faueE W), % ®9 § W 2 7l

fas W (i) mb —nd

m-—n
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o T Tl gy o = w1 HU T A STRT AR TUHEEA
G-b=|d|b|cosd™ ®U H W T ¥ AR 5.5 faaA gew € @ wiww
GARDH b oI HT RO O, cose=%ﬁmﬁ?ﬂél

o IR X W gaip o a9 1 B0 OF A IR WEY [OHARA
axb=|d|b|sin0ah TF § I F1 | ST A Th TH AES A& T S
G RpH Gl W A qod % dadd € Ao g, b 3R 4 SreroTerdt
greifoE e ggfa i ffdd w@ 2

o IR G=ai+ayj+ak TN b=bi +b,j+bk IR ) TH AW T A

G+b = (@ +b)i+(a,+b)]+(a; +b)k
A = (hay) +(Aa,) ] + (hay )k

ab = ab + a,b, +a;b;

i j k
AR Gxb =|a, b ¢
a b2 Cy

G b ()

YT 915 o1 Fed— AT W1 o Teh 91e% 9ad (vectus ) d g € Fr@ent
1o ¥ TEO wEN S Gfkw fagia o yoitg feem w6t fafar T 1800 %
EH AT STl ®, S& Caspar Wessel (1745-1818 %) 3R Jean Robert
Argand (1768-1822%.) 7 38 =1d =1 9ui e o ek fduns qa1 o fhet fae
@EE # GEEdl 4 Th G G&A g + ib 1 S e e &9 faman
ST Hehdl €1 Teh SRS s, William Rowen Hamilton (1805-1865 E.) STq
G&ieh, "Lectures on Quaternions" (1853 's‘.)ff few T@Ee & fore afser 18 =1
TN a9 e fhal o1l SqsediEal (quaternians) [F® Hiv=a sista f=Ei @6

e # gL a+bi+cj+dk, i, j,k o w9 9 =R awafas Genst &
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T=e| 1 Bfeed fafu afsel i H-fadia sfafter & qon o =1 gwen w1
T o1l TUMY &0 F&i 39 1d o1 Sk 31099 0l foh Gew i Heheu 3K 7o
AThet T fa=m sgd- il 9eel ¥ Plato (384-322 391 qd) o T forss wd At
Tfifer @Ik SR Aristotle (427-348 391 Id) & il @ & ol SH 999 T
SRR %1 headl off TR 1 st1eren 1fash el i Tgea fohan St TR =g
o FEEHER 91 % | WS 1 ST Gehdl €1 Sl o GasH w1 9w, R
Tl =1 A Gfew &9 ¥ a1 S Tehdl €, 1 @IS Sterin Simon(1548-1620%.) g
Ao el i fearfa | ol 51 T 1586 H 38i1 310! WHGETH, "DeBeghinselen
der Weeghconst” (ST ¥ sl el o fggid) | i o ITFRA o SAHAT
fagia =1 faveiwor fan o foeh sror Fifet o fasra o u g 9fieds ga
R 39 1% ot AR HT AUH Gehodd o 0 § 200 I o MU

T 1880 ® TH MR Sifdk WG TS NS Josaih Willard Gibbs
(1839-1903 %.) 3R Wk U 31f9%al Oliver Heaviside (1850-1925 %) 3 T
<t o Ao () A I hleutieh (WEw) 9§ YUk i gq WiEel
fagetvor &1 go R e 91 1881 3N 1884 H Gibbs ¥ "Entitled Element of
Vector Analysis" A% Teh Nl Yiedent SUETE| 39 T § GiEN &1 T HHIS
& i foeror fean gem om denfy |iken o SAqwAn &1 %90 3 &l Rifd
D. Heaviside 3R P.G Tait (1831-1901 £.) = Wi & Torei 3@ fawa o fog wefen
IR e 2






