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SCALAR, OR DOT, PRODUCT OF VECTORS (XII, R. S. AGGARWAL)

EXERCISE 23 [Pg. No.: 1030]

1.

Sol.

Sol.

Sol.

Find d b when
() Ga=i—2j+k and b=3i -4] -2k (i) G=i+2]+3k and b =-2] +4k
(iii)d =i — j+5k and b =37 -2k
(i) We have d= (r 2J+k] and b - ( 4j- Zk)
:>ci.b=v’—2j+!r).(3f ): (3+8-2)=
(i) We have ﬁ:(f+2j+3k) and b =(—2j+4k)
=>ab =(i#2]+ 3k) (2] +4k) =(-4+12) =8
(iii) We have di=(7 - j+5k) and b = (37 - 2k)
=ab=(i-j+5k) (31 -2k)=(3-10}= -7
Find the value of A for which @ and b are perpendicular, wh
() G=2/+Aj+k and b=4i —2j+2k (i) @=3i— j+4k and b =—1i +3]+3k
(iii)a=2/+4)j—k and b =3 —2F+ Ak (iv)a@=3i+2} Sk and b=-5]+ 2k
(i) We have a=(25+j+£) and b=(4f—2'j+2£)
@lh = ab=0 :>(2§+A}+};).(4f—2}+2£)=
= 8-24+2=0 =10-24=0 =24=10 .i=5
(i) We have a:{sf—_}'+4£] and b =(-AE‘+3}'+3JE)
Glh = ab=0 4(3?-}+4£).(—/1;’+3}'+3;2)=0
= 3A-3gl12=0 =-34+9=0 =>34=9 TA=3
(iii) We have G = (27 +4]— k) and b = (37 -2+ .112)
ilb =ab=0 :>(2f+4}—}?).(3§-2}+,1£)=0
= (6-8-4)=0 =-=2-1=0 .. d==2
(iv)We have d = (3:+2; 5!() and b = ( S;+}ik)
iald =ab=0 :>(3;+2; 5&)( 5;+Ak) 0 —=-10-54=0 ~Ai=-2

() fa=i+2j- 3k and b =3i - ;+2k show that (a+b) is perpendicular to (¢ 3@

RO &

’b
&"O Q\

(i) If d@ = (55—}—3£)and 5= (?+3_} ~5k) then show that (d+5) and ( 3 ori@nal

(i) We have 5=(f+2_}‘~3»{:)and b =(3L}'+2f$)
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Sol.

Sol.

(ﬁ+5):(E“+2}'—3i€)+(3§—}+2/§)=(4E+}'—/§)
(d-E):(f+2}~31€)—(3§—}+2£)=(+2?+3}~5k")
(a+5) L(d~b) = (a+5).(a-b) =(4i+j—k)(-27 +3]-5k) =-8+3+5 =-8+8=0
Hence, (d+5 ) and (d—b5) are perpendicular to each other.
(ii) We have a:(sf-}-3£)and b :(f+3}-512)
(a-b)=(si—j—3k)—(7+3]-5k) = (47 -4 +2k)
(a‘+5):(5}"—}'—3&'}+(}‘+3}—5£) =6i +2)-8k
(a+8)L(a—b) = (a+B).(a—b) =(6i+2/-8k).(4i -4j+2k)
=24-8-16 =24-24=0. Hence, [a+5) and (d-E)a:e orthogonal.

if &:(f—}'ﬁ 7§) and 5:(5f—j+l};) then find the value of A so that (a‘+5) and (6—5) are

orthogonal vectors

; = ?— }+ TI;

t; = 5?~}+7«.I2

Nowt Bekb = i-2j# (7+ W)k
and, a-b=—41H7-1)k

-.-(;+ t;) and a b are orthogonal vectors.
=>(§+ E)‘[S— B’):O = 24+(7+1)-(7-1)=0>-24+49-)2=0=>)? =25 =4 =15

Show that the vectors %(2.;+3}+61;), %(3;—6_} +2A:) and %(65#2}—3!2) are mutually
perpendicular unit vectors.

o Lp.g  miooex = lyaw w e o s L& &£
Let, d z—(z: #3j+6k), b :?(3' ~6j+2k) & ¢ :7(6: +2j-3k)

ilb =>adb= ?(2: +3}+6£;\_%(3f—6_}'+21;)

419[(2r +3]+6k ) (57 ~6]+2k) :—l-(6—1s+12) =4—10x0 =0

BLé =bé %(3: 6;+2k) (6;+2; ~3k) 6\} (’)\'\0
4—19[(3: 6}+2!r)(6f+2_j~3k)]=—5(18-12—6):;—9x0=0 6®Q&(b

\
l(6;+2Jr 3k). ?(25+3}+6£) %\(b Cb.

7

4l (67 +2j-3#). (2:+3}+6k)}=‘:—9(12+6-—18)=4L9x0=0 . OQ &Q

clla =@
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Ldb=bcé=ca=0

Hence, d, b and ¢ are mutually perpendicular to each other.

Let d=4i +5)] —k,b = i—4j] +5k and ¢=3i + J—k. Find a vector d which is perpendicular to both a
and b, and is such that d.¢ =21.

Let d=(4i+5]—k),b=(7—4j+5k)and ¢ = (37 + j-k), Let d =(xi +)j+ k)

dld =dd=0 =(xi+yj+zk)(4+5]-k)=0 = 4x+5y-z=0 (D)
dlb = db=0 :>(xf+y}+zkA)A(f—4}+5fc‘):0 — x—4y+52=0 (i)
d.é =21 :>(xf+ﬁ+z£).(3f+f-f):21 =3x+y-z=21 .. (iii)
Solving equation (i) and (i1), then we get, 21x+21y=0 = x+y=0 ...(1v)
Again solving equation (ii) and (iii), then we get, 16x +y =105 (V)

Again solving equation (iv) and (v), then we getx =7, y =7
Putting the valueof x and y in equation (i). then
4x #5y—z TOB=> zemdx+ 5y =4(7)+5(-7)=28-35 . &7

Hence, cfz?f—?j‘—ﬂ)';:?(f—}_l;)
Let é=2i+3j+2k and b =i +2j+k. Find the projection of (i) @ on b, and (ii) 4 on @
Let a=2i +3]+2k = |a|=q(2) +(3) +(2) =a+9+4 =417

b=i+2j+k = |5|=J(1)3+(2)2+(1)2=J1T4_:=\/§
a_5=(2f+3}+2£).(sz}+£) =2.1.32421=246+2=10

ab 10 _10 6 106 _5Ve

7 b: E—e——=— —
(i) @ on bl JE ngJg 5 z
oo . ab_ 10 10417
(ii) & on a—?’_—\/ﬁ_—”

Find the projection of (81’ +}) in the direction of (f + 2} = 21;)

Let d=(8i + ). 5:(f+2}—2£‘] =5 |t‘3|:,./(l)2-1-(2)2 +(=2) =1+4+4—O =3

= &.5:(85+}).(5+2}—2ﬂ:8+2:]0 . Projection of @ on b =&Tq|5=%.

Write the projection of vector (f +}+I§) along the vector | 60 ;\\'CJ
3 o8 % O

Pro{ecti:mfotl (i-:j-l‘ k) K@ Q&(b
on j= (H’J*:k)-l = |

i %\(b L%
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SCALAR, OR DOT, PRODUCT OF VECTORS (XII, R. S. AGGARWAL)

Sol.

11

Sol.

(i) Find the projection of @ on b ifd-b=8 and b= (Zf +6}+3£:)
(ii) Write the projection of the vector (f + }) on the vector (f —})

(i) Projection of @ on b

ab 8 8

- “;l _J22+62+32 7

A A L) A

(ii) Projection of i+j on i—j

- 2
Find the angle between the vectors @and 5, when
() d=i-2j+3k and b =3/ -2j+k (i) G =37 +]+2k and b=27-2]+4k

(ii)yd=i—jand b= j+k

(i) wehave d=(7 - 2j+3k), b=(37-2]j+£). |a|=y(1) +(-2) +(3) =VI+4+9=Via
|5|:J(3)3+(—2)3+(1)2:J9+4+ =14, ab=(i -2j+3k) (3i-2j+k) =3+443=10

= cosf = 20 = ccosé‘:E =@ =cos" (-5-)
14 7 F

ab 10
N L 9=—.— f=
OwW, cOS Iﬁ”b.l —>CO0s Jﬁm

Hence required angle is cos ' (%}

s

(ii)Wehavea=3?+}+zi?and5=2i‘~2}+4£
la|=3) +( =Jor1+4 =414
|B|=y(2)" +(-2) +(4) =a+a+16 =24

a.5:(3f+j+2k},( .-'—2j+4k):6—2+8:12

- 12 12 3 333 3
2x2x2x3x2x7 4xf3xT Bxl7 B 37 V7

Hence required angle is cos™ (E J
|‘

(iii) We have d=i—] and b= j+k 0 .\Q
|a|:,/(1)2+(-1 o1 =42; ‘5|:,f 1) +(1)" =2 @6
ab=(i-])(j+k)=-1 {c Q
Now, cosﬂ=%l=\/_2_—1/§ :>cost9=_7] = cosf =cosl20° .8=120° % Q
d .
. \
Hence required angle is -23—3 .\\\O @fb
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If G=i+2j-3k and b =3i - j+2k then

calculate the angle between (2d +5 ) and (d+2b)

We have d =(.?+2}‘—3£) and 5:(3?—}+2£)

() 2d+b=2(i+2]-3k)+(37 - j+2k) =(25+4}—6£)+(3f—}'+2£) =(s7+3] - 4k)

and a+25=(f+2}u3£)+2(3f—}+2£) =(f+2}‘—3£)+(6f—2}+4£)=(7.3+§)

Now, |24 +5|=J(5) +(3)" +(-4)° =v25+9+16 =v/50
|a+25|=JW=Jm:J'53

(2d+5).(d+26) (57 +37-k).(73 +4)

|2+ 5] |+ 25|

[V50] Vo)

p,
::»cos&':ﬂ ::>c0519=£ S.8=cos’ 3
50 50 50

Now, cosf =

= COBH —

A 4 _1(_ |
Hence required angle is cos 50 J
If @ is aunit vector such that (¥—a).(¥+ad)=8, find |¥].
i R ol el ol o1 [l -1
= |5 =9 =>=v0 =[§=3

Find the angles which the vector d = 3i —6] + 2k makes with the coordinate axes.

Sol. Let a=3i 6] +2k

lal=y (3 #(-6) +(2)° =v9736+4 =49 =7

ai (37 -6]+2k).i

:>£if=|ﬁ||f|cos€ =cosf =——
d 7

|a

3 3
= cos@== EGZCOS_I(—J
7 Tl

&,]'=|ii||j'|cost9 :msé:ﬁl-;l :msgzw o

6 r O o
= cost?:% :Ezcos"LTJ :)9:005”‘(%} 6®6 6)\\
ak e =(3.3—6}'+2i’;)‘§ Q
il |4 . 7 %\(b %_Q
= cosé‘:% zezcos"[%] Q &Q

ik =|§||I}'|c056 = cosf =
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SCALAR, OR DOT, PRODUCT OF VECTORS (XII, R. S. AGGARWAL)

16.

Sol.

17.

Sol.

Show that the vector d = (f + J4 f;) is equally inclined to the coordinate axes.

. Letd=i+j+k

lal =y ()" +(1y +(1) =3

i A
= cosé‘:% =@ =cos (%]
= dj= |a||;!cos€ = cosY = ]a"-,l = cosf = N

::»cost?:% = =08 [«/IEJ

= a.k =|fi||£|cas9 = cost9=a‘—k.
|

= cosf = ———w——(f +j;1k)k

= cosfi=%— :>9=cos"[%} Hence 6'=oos'1[—‘}?].

Find a-vector @ of magnitude 5v2, making an angle g and x-axis, g with y-axis and an acute
angle 68 with z-axis
Direction cosines of a are,
n T
f=€05—, M=CO5—
4 2
andn=cos 8

v Aam? +n?=1

26082 + 608% Zuhi00830 =1 =>4 04 G020 =1 = 60 G = T~ = G080 = => 008 Y Em ]
2 2 2 2 2 2

AlaA

. 1 "
for acute angle, cosE):3 ==
Find the angle berween vectors (a+£) and (&—5), ifii:(zf—}+3l;) and 5z(3f+j‘—21«:).

(2: j+3k) (3l’+j 2!:) =5 (a+5}=(2§—}+3‘§) (3f+_} Zk) (5!+k)

= (a-b)= (27 - j+3k)—(57 + j—2k) = (=i =2j=5k) @660 ’&\Q
= (a+b).(a-b)=(5i-k)-(-i -2j+5k)=-5+5=0 :>a+b|-\/ 5) +(1)° =v25+1 C

(@-8)=(-1)° +(-2)* +(5) =V1+4+25 =430 (&6 Q

w :wsﬁz# =vieos =0 —rco3 53— =
oolla )) OINE

=

cosl =
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Express the vector d =(6f —3_}'—6.{:) as sum of two vectors such that one is parallel to the vector

b= (; +] +I;) and the other is perpendicular to 5
Let, a=r+s suchthat, r|b and s Lb
b

- > o a n
= r =rb, where r is some non-zero real number. =r = [r i+rj+ rk]

& B A

: +§-g=[6i43j~6k]-[i+j+k —(r+r+r)+0

s

A A A

=8-3-6=r=r=—A:r=—i—j=k

Now. 8=F+8

8ot sulhill Bk ik =38 =72} 5K

Hence, 5:(-3—}4‘]4{7;—2}—5@)

Proved that (@+5).(a-+5) =|af +[B[ <> Lb. where =0 and 5 =0.

Wehave, (@+5).(d+5)=|a+5[ =|af +[sf

I o] *+[6f +2d.5 - \af +[[ .ie.if 2a5=0if@b=0, ie. dand § areatright angle.
If @+5+¢=0, |d=3, || =5 and |¢|=7, find the angle between & and 5.

We have., @+b+¢ =0

= a+b=-¢ =(a+b)(a+b)=(-c)(-¢)

= |af +ab+ba+p] =|ef =|af +2(ab)+[p| =[] =>|a|+2(|al[B|cos6)+[p|=|cf

= (3)° +2(25¢c0s8)+(5) =(7)° =9+30cosf+25=49

15 l 1
= 30cos@=49-34 =cosf@=— = cosl=— :Hzcos"[—-}
30 2 2
= 9=ms"[cos-§—} :>9=~§. Required angle is i::--=6U". @
*

/ O WO
Find the angle between a and 5, when 6 (bc:\\
() |d|=2|8|=1 and d-6=13 Gi)|d|=|b|=v2 and d-5=-1
s g X

- =

a-b _1£:>9:

Let O be the angle between a and b. %’\(b %_

= 0=co8

|alib] 238 ‘\’\\O @fb

(i) 6=cos’
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22.

Sel.

23.

Sol.

24.

Sol.

25

Sol.

; ab
[allb]
B pog e li0a Y| T o B T g B S
T 22 2 - 2 & 8

If G and b are vectors such that |d| =2,|p|=3 and a5 =4, find |a-5|.

We have, |d]=2, |5‘:3 and G.b=4

= |d-5|3:|a|3+|6|:-2&.6 =(2)*+(3)’-2(4) =4+9-8 =5 :>|£ar'—b'|2 =5 =|a-b|=+5
If (a+5)-(a-5)=8 and |a|=8|5 | find || and |5|
-.-[§+ B).[E_B’}zs

=|af -1b[=8={8|b[*~|b[=8{-|al-8]b|

8 > %z

—641b[2 —|bf-8=563|b[P=8=|b[=—=|b |- X<
IBF - (B] [Br=8=ibf= 2 =ib 22

162
J63

If @ and  are unit vectors inclined at an angle © then prove that

L lak

(1) cosE:l|&+5| (i1) tangf -
2 2 2 |&+b|

(i) We know that, |a+tbP=ja]’ +|bf® +2a-b

=|a+bf=1+1+2 cos® =s|a+b[’=2(1+ cosb)=|a+b[?=2-2 c052%:>|a+bi=2 cos%

:>cos%=%]a+b| Proved

(ii) We have '_?*.’Eﬁ: ial +|bf’ +2ab
la=b* |af’+|b[*-2ab

A A A A A A 7]
|a+b]? 1+1+2cos® |a+b[? 2(1+cos6®) |a+b[ 2005292
T T T 1t1-2c0s0 | ® 2 2(1 T
|a-bl2 +1-2cos6 Ia_-biz ( —COSB) Ia“bf 2sin

2
la+b] ) 8 [a-b|
=5 e =cot—=>lan-é-= — @
|a-b| 2 |a+b|

If G=(5i-j+7k) and b=(i=j-2k). find the value of A for which (d+5) and (d=
orthogonal. 6
G+b=51—j+Thk+i-j—2k =6i—2j+(7-A)k (& Q
~b=(5i—j+7k)-(i-j-Ak) =Si-j+7k-i+j+2k = d—5:4f@ﬂ)£ Cb_
S
<&

4
N
= 24+(7+2)(7-2)=0=24+49-2°=0 = 1*=73 =i=+ N\ \p;

N

(@+5)L(a—b) =(d+b). (a-b)=0 = {6i-2j+(7-2)k}{
2
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26. If AB —(3f - ] +2£) and the coordinates of A are (0,—2,-1) , find the coordinates of B

Sol. Let, Coordinates of
B are (o, B,7)

Now, AB = (a—1)i+ (B+2)j+ (v + )k

::»3?—}4—21::a;+(B+2)}+(7+1)I;
s x=3p+2=-1andy+1=2=x=3B=-3 & y=1
Hence, Co-ordinates of B are (3,-3, 1).
27. If A(2,3,4),B(5m4m-1),C(3,6,2) and D(1,2,0) be four points show that 4B is perpendicular to
CD
Sol. Here, A_B'=(5~2)'i‘+(4—3)}+(v1-4)l: =3;+j:—5!:
and CD = (1-3)i+ (2-6)j+ (0— 2)ke=2i—4j- 2k
Now, AB-CD =3x(-2) +1x(-4)+(-5)x(-2)
=-6-4+10=0 = ABLCD
28. Find the value of A for which the vectors (Zf +7\j+3£:) and (3? +2}‘—4§) are perpendicular to each

other

Sol. (2;+l:i+3ﬁ) L(3€+2}ﬂ4}:)
=>(2i‘+x}+3|2)-(3?+2}—4|2)=o:>6+21- [2=0=2X-6=0=2A=6=>A=3

29. Show that the vecrors 5={3?—2}'+l§),5 =(f—3}‘+51:) and E=(2§+}—4IE) form a right angled
triangle

Sol. Bie={(i-3j+5k)=2i+ by

_3i-2j¥k=a - b+c=-a

= =]
= a, b and ¢ from a triangle

Now, a-¢ = (3i-2j4k)-(2i+ j-4k)=6-2-4=0 =a lc

> ¥

Hence, 2. b and C from a right angled triangle.

30. Three vertices of a triangle are 4(0.-1,-2).B(5.1.4) and C(5.7.1). show that it is a right angled
triangle. Also, find its other two angles

Sol. @':(3-0)?+(1+1)}+(4+2)|: )
=3;+2}+6I; 60 c’)\'\o
BC = (5-3)i+(7-1)j+ (1- 4)k =2i+6- 3k S Q&(b

E:(5~o)?+(7+1)}+(1+2)|2=5?+8}+312 \(& cb'
Now, AB-BC=6+12-18=0.. ABLBC Q% Q
Hence, AABC is a right angled triangle. XO) (&
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SCALAR, OR DOT, PRODUCT OF VECTORS (XII, R. S. AGGARWAL)

Now, /A =cos ™’ BB
|AB]-|AC|
| 15+16+18 - 49 mp— 49 :ms_1l:£
V3% +2% + 62452 + 87 + 32 7x98 49x2 z 4
i ZB:E and <A:E :>ZC:1:—£_£=£
2 4 2 4 4

If the position vectors of the vertices A, B and C of A4BC be (1,2,3),(-1,0,0) and (0,1,2)
respectively then find Z4BC

Let O be the origin,

Position vector of A,

OA =i+2j+3k
Position vector of B,
OB=i
Position vectorof €,  OC = j+2k
Now, BA =OA ~OB - 2i+2j+3k& BC=0C-OB = i+j+2k
i iyt DB

|BA||BC/

2+2+6 10

= ZB=cos '— = £B=m5'1-—1—0—=> ZB=cos™’

V4+4+9V1+1+ 4 176 Ji02
If @ and b are two unit vectors such that |5+5':J§, find (25—55)-(35+5)

> > > -
Given:—> @ and b are unit vectors and | a+bj=/3

- |a+b =3 =|a+ b =3

- - -

—|af +|bf+2ab=3=1+1+2 2.b=3 :a-b:%
F‘ — —.‘-1 — —
Now, L2a—5b -(2a+b]
) 4

—6|aP +2-§.B_15§.E_5|E|2_—_6_13§-6_5:1_13x%=2_;ﬁ=_g

If @ and b are two vectors such that |ci+15|:ld| then prove that vector (2&+5) is perpendicular

to vector 5

la+blal <&

%)
Hence, B Lr 2;4-!_:: Proved K% Q&(b
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If &=(3f—_?) and 5=(25+}—3/«:) then express 4 in the form 5:(51 +b:), where b ||a and
b La
Let, t;:=x; {'—'l;:ll';

A A

:>l;; =3Xi—X]
Now, G:b:+b_;

-* »
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