Dot & Cross Products of Two Vectors

1 Marks Questions

1. Ifg and b are perpendicular vectors,
= = - .
la + b |=13and|a |=5, then find the value

of |b]. Ali India 2014
Given, |3+B|=13, and[§}=5
Now,
(3+B) (Z+B)=,—a} a+ab+ba+bb
=|a|?+0+0+|b?

[-a-a=|al}ab=ba=0asalb]
= |a+bP=|al2+|b?
— (132=05)2+|b |?
. 169=25+|b>=169 -25=|b |
= 144=|b> = |b|=12 (1)
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2. |f a and b are two unit vectors such that

— —3 . .
a + b is also a unit vector, then find the

angle between a and b, Delhi 2014
5 -
Given, |a|=1|b|=1and|a+b|=1

Now, |a+b|*=(a +b)-(

—
=aa+ba+ab+bb
= |a+bPP=|alf+23-b+|bJ?
—
[-a-b=b-aand x x =| x |2
= 1=1+23-3+1
—_ -
= 2a-b=-1

=>|3||3|6059=——;— [-a-b=|a||b]|cosl

1 —
= cosez--—E [°.°|a]=15)!=1]
=5 ‘c059=c052—n = 9=EE
3 3
Hence, angle between aandbis %E (1)

3. Find the projection of the vector i + 3j + 7k
on the vector 2i — 3}'\ + 6k, Delhi 2014
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| S . = F:
E®. The projection of vector a on vector b is given
:: i e —.->

i
i

ARSI T T
leta=i+3j+7kand b =2i - 3] + 6k

: : — —
The projection of vector a on the vector b is

given by
1 (—>-+' 1Xx2-3x3+7x6
B V22 + (=37 +6)

2-9
+42 _ 35 _35_ o
\/4+9+36 “ V49 7

4. Write the projection of vector i +f +k along
the vector j. Foreign 2014

S - b
leta=i+j+kand b=

The projection of aonbis given by
_( ~>) 1x0+1x1+1x0 1
2 |
1] i
Hence, the projection of vector i + ; +k along
the vector j is 1. (1)

5. If vectors a and b are such that
IE =3, |E [=2]3 and @ x b is a unit vector,

then write the angle between g and b.
Delhi 2014
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Given, |Z!=3and(3|=2/3

Let 8 be the angle between 2 and b.

Also, given| a2 x b | =1 (1/2)
= |3||B|sin8=i = 3x§5in9=1
=% 2sinB=1 |

= 5in@ = :9:2 (1/2)

6. Finda-(b x c),ifa =2i +] + 3k,

b=—i+2j +kand ?=3f+f+2!::.
All India 2014
Given, 3:2?+f+3!2,3=—f+2f+!2

- A A
and ¢ =3i+j+2k

|4, & 951 |2 1 3

- 5 -
Now,a-(bxc)=|b1 b, b3‘= -1 2 1
€ € @ | 3 T 2

=24-1)-1(-2-3)+3(-1-6)
=2X3=-1X(=5)+3x (=7
=6+5-21=11-21=-10 (1)
4. Ifa and b are unit vectors, then find the
o - - =
angle between a and b, given that W3a - b)

is a unit vector. Delhi 2014C
- _") -'—> 3
Given, a and b are two unit vectors, then
- -
lal=|b|=1

Also, (\/53— B) IS a unit vector.

|V3a-b|=1= |[V3a-b[? =1
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— 3a-b)-W3a-b=1 [|al’=2a-al

=332 -v3@ b -v3(ba+b-b=1

=>3l_a)lz—~/§|_a)||g|cosﬁ
~3|b||alcos8+|BP=1 (12

[let B be the angle between 2 and B]
= 3-+3cos8-+3cosb+1=1

= 3=2\/§C059
= c059=—§———=>c059:~§+:>9=.1£
243 2 6

- i TE
Hence, required angle between a and b is B

8. If|a |=8,|b|=3and|a x b | =12, find the
angle between g and b. All India 2014C
-3 -
Let 6 be the angle between a and b.
Given,|a|=8,|b|=3 and | a xb|=12
We know that, ]3><B|=|3||B|sin9
|3||B!sin9=12

1.2
8x3

= sin@ = = sinf =

- . -
|allb|

= sinf)=l = =
2

| a

5 -,
Hence, the required angle between a and b is

=, - 1
6
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9. Write the projection of the vector
a =2f—f+§on thevector3=f+2f+2§.
Delhi 2014C
: - P
Given,a=2i—j+kand b =i +2j + 2k

- -
Then, projection of a on b is given by

pas

' . A . 2
a.b _|@i-]j+ki+2j+2K
Bl | V0P +@?

2 X1+ (=1) X (2) +1x 2
1+ 4+ 4

Hence, the projection of vector Q2 - ; + 12) on

G+2f+2kis % (1)

10. erte the value of l so that the vectors

a =2 +)L; +k and b =i —2; +3k are
perpendicular to each other.Delhi 2013C, 2008

¥ - S
Given, vectorsare a=2i+Aj+k

and b=i-2 ; +3k
Since, vectors are perpendicular.
ab=0 (1/2)
= (2?+lf+l2)-(f—2f+3ﬁ)=
ey 2-2A+3=0
A=5/2 (1/2)
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11. Write the projection of the vector 7i + ] — 4k

on the vector 2i + 6] + 3k. Delhi 2013C
let a = 7f+}:- 4kand b =2i +6f+3§
ab

Projection of aon b ==

|b|

(7T +] -4k -7 +6] +3K
£2f+6f+3£

1446 -12
J2)7 +6) + (3)?
8 8 8

= - i (1
J4+36+9 49 7

12. Ifa and b are two vectors such that

e - =

|a + b| =|a|, then prove that vector 2a + b is
perpendicular to vector b.  HOTS; Delhi 2013
- - —
Toprove,2a+b) L b

i - -
Given, la+bj=|a]
On squaring both sides, we get

—
|a+b[’=|al

= |_a-)|2+2_a} B+|i::u|2=|a|2
e N - - =
= 2a-b+b-b=0 [s|xP=x-x=x
= 2a+b)-h=0= 2a+b)Lb
[-1falbea-b=0] (1)

Hence proved.

—>
13. Find| x|, if for a unit vector 3,
- = - -

(x—a)-(x +a)=15. HOTS: All India 2013
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Given, & is a unit vector. Then, |a|=1

m) ~ -_) A
Now, we have(x — a)-(x +a)=15
= X-X—a-xXx+x-a—a-a=15
- — ey w =¥ ~ A
=9 X-X—a-Xx+a-x—aa=1>5
[- scalar product is commutative]
. 5 A - > —y
= [ x| =1al*=15  [rz-z=|z}}]
—> ) —3
= | x| -1=15=|x|*=16

| xj=4 (1)
14. Find A, when projection ofa = A + f + Lk

onb =2+ 6f + 3k is & units.
HOTS; Delhi 2012

_) F

B A —2 A - ~
Given, a=Ai+j+4k b=2i +6j+ 3k and

. i — —3
projection of aon b=4

— qug;
| b
- — _)_g
- projection of a on b = =
| B
L, Mi+j+40-Qitr6j+30
V)2 +6)% + (3)
2A+E+12 L oh+18 =28
J49
A =5 (1

15. Write the value of (k x j)-i + ] -k
HOTS; All India 2012
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e

- i») Use the result _} k=1,
| ? e

}kOand 1

o~ -~

Wehave (kx,l) i+ !zz(h.")-f+f-kﬂ

+
['.',ixk=ir.>lzxf=—;andj k = 0]

—i240==1 [+i?=1)1)

16. Ifa-a =0anda-b = 0, then what can be
concluded about the vector b ? Foreign 2011

Given,a-a =0=|a fP=0=]a|=0 ..()
and E}'B=O

- =
= la||b|cos®=0 ...(ii)

From Egs. (i) and (ii), it may be concluded that b
is either zero or non-zero perpendicular vector.

(1)
17. Write the projection of vector i —jon the
vectori + |. All India 2011
Let given vector are g —-,'and b=i +,t
Projection of aon b
=2 D m A AT
it a-b =(r — . +))
5] YOI+

_1-1_0 =)= -
2 }’-}’ j- }’— 0
18. Write the angle between vectors @ and b with
magnitudes +/3 and 2 respectively, having

a-b =+/6: All India 2011
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I <> Let 8 be the angle between aand T;, then use the
: following formula

ab

cosv= —— —

lall 5|

Given,|_a)|=\/§,|3|=2 anda-b=+6
Now, angle between aandb is given by

3B 6 _Bxvi 2

cosO = = = =
1 1:
= C0S0=-—=cos—
2 %
T T 1
0=— " Cos — = —| (1
4 [ 4 ﬁ]”

19. For what value of A are the vectors
i+ 211 +kand2i +j - 3k perpendicular?

All Indla 2011C

| 5;? f two vectors a and b are perpendicu[ar then

__ab=0

leen vectors ore (.r + 23.; + k)

and 27 + ,i - 3k).

Also given, the vectors are perpendicular, 50
their dot product is zero.

(f+21f+£)'(2f+f—3§)=

=5 2+2A-3=0
= 2L -1=0
= ' 2A=1or lz% (1)

Hence, required value of A is 1/2.

Get More Learning Materials Here : & m @&\ www.studentbro.in



| i;) lf two vectors ; and b are perpendicu[ar then

{ a b 0

leen vectors ore (.r + 2?4.; + k)

and 2 + | — 3K).

Also given, the vectors are perpendicular, so
their dot product is zero.

G +20+k)-Qf+] -3k =

= 2+2A-3=0
= 24 -1=0
= ' 2A=1or ?Lzl (1)

2
Hence, required value of A is 1/2.

20. If|3 = x@lg | =2 and angle between
g and b is 60°, then find a-b.  Delhi 2011C

We know that, a- b =| 3| -|Bl cosO

. - —
On putting | a| = v/3, | b| =2 and 8 = 60°,
we get

= \/5 X.2 cos60°

= E-Bzgx%@:ﬁ l:‘.*cosﬁﬂ":%]

ol

—r
a.

=3 (1

21. Find the value of &, if the vectors 2i + Aj + 3k
and3i + Zf — Lk are perpendicular to each
other. All India 2010C

Do same as Que. 19. [Ans. A = 3]
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J,

22. lfla =2, [b |—Band a-b =3, then find the
projection of bona. All India 2010C

—_

— -
Given,|a|=2,|b|=3and a-b =3
B —
; = e - a
.. Projection of b on a i
| a
—
a.

- [

{

ol

- -
4

b =ha

”'“"ml

|
[ Band|a!-2](1)
23. Vectors g and b are such that
— - - o, .
la |=+3,|b|=2/3and a x b is a unit

vector. Write the angle between g and b.
All India 2010

Do same as Que. 5. [Ans. -g]

24. If @ and b are two vectors, such that
- = - - :
|a-b|=|axb|, then find the angle
-
between a x b. HOTS: All India 2010
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(;) Use the followmg formulae:
a-b=|a||b|cos®
and axb=|al||b|sin®

where,Bis the angle between dand B. |
Given, |a-b|=|axh|
- — . A
e | a|l b |cos@=|al||b|sin® [|n}=1]

= cos6=sin®
On dividing both sides by cos 8, we get

tan@ =1
= tan 6 = tan e .+ 1=tan Li
4 4
0="
4
So, angle between aand b is % : (1)

25. Find A, if 27 + 6] + 14K x ({ = Aj + 7k) = 0
All India 2010
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Y If3=01?+az]+0353"d3=bﬁ"’bz}*bﬁthe"%
-

axb=la, a, a,
b]_ bz b3

Given, (2] +6] +14K) x (i — Aj + 7K)

e R

i ik
-
2 6 14|=0
i % 7

— (424140 =] (14-14) + k(-2 -6)=0
— (42 +140) + k(=2) — 6) = 0i + 0] + Ok
[+ 0=0] +0] +0K

On comparing coefficients of i and k from both
sides, we get

42 +14L =0
= =-3
and -2A-6=0
= A =-3 (1)

Hence, required value of A is 3.
26. Finda-b,ifa =—i + — 2k and

b=2i+3j -k All India 2009C

—r B & ~ ~ - " A
Given,a=-i+j—2k and b=2i+3j-k

Ll

Then, a-B=(~i +] -2k -@i +3j -k

=—2+3+4+2=3 (D
2. Finda-b,ifa=3—] +2kand b =2i +3j +3k.
Delhi 2009C

Do same as Que. 26. [Ans. 9]
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28. Find the value of P, if
(2; + 6; + 27.‘2) X (.: + 3; +P§) = S.An India 2009

27
Do same as Que. 25. [Ans. -2—}

A

29. IfP is a unit vector and (? _P).(x+P) = 80,
then find | x | HOTS; All India 2009

Do same as Que. 13. [Ans. 9]

30. Find the angle between a and b with
magnitudes 1 and 2 respectively, when

la x b |=13. Dethi 2009
Given,|a|=1(b|=2and|a x b|=+3
=  |al||blsin6=+3
[axb=|a||b|sin6-Aand|A|=1]

= 1x2xsin®=+3 [‘.'1_a)|=1and]B|=2]

= sin9=—?i=sinE=>8=£
2 3 :;’t
- -
Hence, angle between a and b is 2" (1)

31. Write the value of P, for which
a :3f+2f+9§and_5=f+Pf+3§are
parallel vectors. Delhi 2009
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— - - ~
Given vectors are a=3i+2j+9k and

—

b=f+Pf+3£.

o —
Also, a and b are parallel vectors.

Soaxb O
i j k
5
= 3 2 91=0
1 P 3

=r{6 9P)-)‘(9 9)+k(3P 2)= 0
= i 6 - 9P}+k(3P )= 0:+0;+0k

On comparing the coefficients of i or k from
both sides, we get

6—9P =0 =¢P=% 1)

Altemate Method

Q? If the two vectors a—a1:+a _]+ a3k andz

b=bi+ b, j+ b3k are parallel to each other
then use the following relation. |

Given, z =3i + 2}: + 9!2 and

— & b A~

b =i + Pj+ 3k are parallel vectors.
2_9 2

3
Then, e L=t 5 P
Tt P 3 3 L
32. Find the projection ofad onb,ifa-b =8and
b =2i +6f +3k Delhi 2009
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DosameasQue.9. [Ans. 8]

33. Find value of the following:
P XK+ (i < K) + k(i x ).
HOTS; All India 2008C

Wehave,f-(?x£)+f-(f><!2)+§ (;x;)
=i-i+j-(=) +k-k
[ Tk PxE=
EX?:F = ;XAZ—;:I
=f2_}-‘2+£2
=1-1+1=1 (1

34. Find|a x b |,ifd =i — 7] + 7k and
b =3i —2j +2k. Delhi 2008C

Given,zzf—7?+7£andg=3f—2f+2!;
ik
-7 7
-2 2

- -
. axb=

('S} — =)

=i (=14+14) =] @ =21 + k(=2 + 21)
=19/ + 19k

Now, | a x B |=+19)2 + (19)?

=+/2019)2 =192 (1)

35. If|a |=+3,|b|=2and a- b =3, then find

the angle between a and b. All India 2008
Do same as Que. 18. [Ans, E:I
6
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36. Find angle between vectorsa =i — j +kand
b=i+j-k Delhi 2008
Given, vectors are

;=f—f+}2and5=f+f—k.

>

Then, —a)—B=(f-—f+l2)-(f+f—§)
1-1-1=-1

| = /1)? =3
J1)2+(1 =3

We know that, angle between a and b is given
by

._,.,,)
| a|
__}
| b |

and

- -
a-b
-_)

lal|b]

COSGZM—i-—:—l =0 = cos”’ (,_l
V3 x43 3 3

which is the required angle between 2 and b.
(1)

Cos 6 =

4 Marks Questions

3'l. Prove that, for any three vectors 3, b and c,

- -
[@+b b+c c+a]=2[a b clpelhi2014
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. : ('? If use the property that in a scalar trim;h::le product:
| % if any two vectors are equal, then value of scalar!
i —
. riple productwill be zero and[a b ¢]=[b ¢ a} |

We have, LHS:[_a>+B B+E)Z+_a)]

=(3 +_5)-[(b+(_:))

=713 b Ef] =RHS Hence proved. (2)

38. Vectors 33 and ¢ are such that
d+b+c=0and |3|=3,|_5|= 5and

¢ |=7. Find the angle between a and b.
All India 2008; Delhi 2014, 2008
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L ) Firstly, write the given expression a + b + ¢ = 0

as a+ b=-"7 and then square both sides and

symplify to get the angle between @ and b.

Given,|a|=3,|b|=5and|c|= 7

e - -
Also, a+b+c=0= a+b=

= (a+b)2=(=¢)? [squaring on both sides]

= (@+h)-(@a+b)=(0)-(=0)

= a-a+ab+b a+bh b=c-¢

= |al’+a-b+ab+|b|t=|CP
[-X-x=|x|?and a-b = b- a] (1)

= |al?+2a-b+|b|2=|C|?
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=

|

U

=

]3|2+2|3|f|f)}[c059
+BPR=|c)? .0
[-a-b={allb|cosé]

(3)2 +2 x3 %5 cos® + (5) =(7)°

t+al=3,|bl=5 and|c|=7]

9 +30cos®+25 =49 (1)
30 cos9 =49 — 34
(:»:}SHT:‘!=E=.l
30 2

casti= s x l--c:ansE-J
g "2 3

g="
3

Hence, the ahgle between a and b isg—. (1)

39.

Show that the four points A, B, C and D with
position vectors 4i + Sf ik, = j—k,

3 +9) + Lk and 4(— i + i + k) respectively are
coplanar. All India 2014
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Given, points are A = 4f+5f+£,8=—f-—k,
C=3i+9] +4kand D =4(—i +j +k).

We know that, the four points A, B,C, and D

- =
will be coplanar, if the three vectors AB, AC

— 1l
and AB are coplanar, i.e. if

T
[AB AC AD]=0
% A oy

AB=—j—k—(4f+5}:+l§)
=— 4i — 6] — 2k (1)
=2 5 R ks G X
AC=Q3i+9j+4k) —(4i +5j + K
=—i+4j+3k
- 5 Em AR
and AD=4(-i+j+k —(4i +5]+k
=-8i—j+3k (1)
}—4 -6 -2
e
Now, [AB AC AD]=-1 4 3 (1)
-8 -1 3

=— 412 +3)+6(-3+24) -2(1+32)
=—60+126-66=-126+126=0
Hence, points A, B, C and D are coplanar. (1)

40. The scalar product of the vectora =i + i +k
with a unit vector along the sum of vectors
B=2i+ Af— Skand ¢ =Af + Zf +3kis equal
to one. Find the value of A and hence, find

: o
the unit vector along b + c. All India 2014
»~ ~ T — ~ -~ ~
Given, 3=:’_+;’ +k b=2i+4j-5k and
— A~ A ~
c=M+2j+3k

NOW,B +?z2f+4}-5!2+7»?+2f+3£

~ ~ T
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_{Z+A)I+6j-2k

B +C|=y2+0)2+(6) + (-2

=\/4+12+47x+36+4

= A2+ 4\ + 44 M

. - -
The unit vector along b + ¢

-

ﬁ
_ b+c

|B+E}|

2+A)i+6j—2k 0

B \]12+47&.+44
Given, scalar product of (i + ; + 12) with this
unit vector is 1. (1)
) el L
| b+cC |
R {}:+}:+’2).(2+7L}I+6;'—2k=1
JAZ + 4N + 44
12 + A) +1(6) +1(=2)
= =1
‘ﬁu2+4l+44
22+AN)+6-2
=3 — =]
JAZ + 4N + 44
- A +6=yA2+ 4N + 44
= (A +6)2 =A%+ 4\ + 44

[squaring on both sides]
= A2+36+12L =1° + 4\ + 44
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—_— - —

= A =1

Hence, the value of A is1.

On substituting the value of A in Eq. (i), we
get

Unit vector alongB +c
_@+1)i+6j -2k _3i +6] -2k

sy +as 144444

3i+6] -2k

729

~

3~ 6 2 =
==i+—j—-=k (1)
7 \7" 7

41. Find the vector p which is perpendicular to
botha = 4i + 5] —kand B =i — 4] + 5k and

~

- = - AL A
p-q =21,where g =3i +] —k. All India 2014C
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Givena=4;+5f—§,B#f—4}:+5£
q:3f+f—§

-

Also, vector p is perpendicular to o and p.

Then, B = A (0 % E)

i ]k
- =
Now,axB =4 5 -1
1 -4 5

i (25-4) -] (20+1) +k(=16-5)

=i —j@N+k(21)
=21i —21j — 21k

So, p=21Ai —21A] =212k 0

- =
Also, given that p- g = 21

~

@ThI =21k =21%k) B 7% f= =21
= 634 —2Th +21 =21
=% 630 =21 =31 =13 1)

On putting A = % in Eq. (i), we get

- 14 14 1e
P=21x-i-21x-j—21x~k
3" . 3 3
- A A -
=5 p=7i—-7j-7k
which is the required vector. (1)
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42. Find a unit vector perpendicular to both of
the vectorsa + b and d — b

— . @ = B et 8
whereag =i +j+k,and b =i +2j + 3k.
Foreign 2014

- -

A ~ - ~ A ~
Given,a=i+j+kand b=i+2j+3k
Let the required unit vector be

= - P s
r=xi+yj+zk,

then \/x2+y2+22 =1
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= x> bytfz® =1 wkl)

-3

Now, a+b—{r+;+k}+(: +2;+3k)
-2:+3;+4k

and a—b =(+]+k —( +2] +3k—] - 2k
(1)

. - i - = - -
Since, r is perpendicularto a + b and a — b,

?-(3+3)=0 and ?-(Z-—B):

e (xi +yj +zk) - 27 +3] + 4k) =

=3 2x+3y+4z=0 (I

and(x?+yf+z§)-(—f—2§)=

= -y-2z=0

= y=-2Z ...(iii)

On putting the value of y in Eq. (ii), we get
2x+3(-2z)+4z=0

= XE 7 (1)
On substituting the value of x and y in Eq. (i),
we get
2 PR 1
Z°+4z° + 7z )= z=+t —and
A N3
then, X'z +— and y=F—= (1)
J6 J6
Hence, the required vectors are
1 }:_ 2 }:+ 1 £
NN RN
-1 2 » 1 2
and 4 ——=k. (1)
V6 V6 b

43. Find the unit vector perpenditular to the
plane ABC where the position vectors of A, B

and C are 2i - +k, i + j +2k and 2/ + 3k
respectively. All India 2014C
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£ Aunit vector perpendicular to plane ABCis

| - 5
| AB x AC

—_ —
|ABx AC|

|
!

Let O be the origin of reference.
e} < - -
Then, given OA=2i - +k,

S A ~ A el - A
OB=i+j+2kand OC =2i + 3k

-~

AE§=OB'-OA=?+}:+2§—2E+}:—k

= s ' DF e 1)

—) o) e A o W

and AC=OC—OA=2i +3k—2i+]—k
=f+2§

"~

il ;

—_— —
Now, AB x AC={-1 2 1
O 1T 2

i4-1-j(2-0)+k(-1-0)

3i +2j -k ()

it

Then, |AB x AC |= 3?2 + 22 + (=1)?

=J9+4+1=V14 (1)

Unit vector perpendicular to the plane ABC

—_— — ~

_ ABXAC _3i+2j-k
| ABx AC]| V14

> Ptk
Vs 1a’ 4

(1)
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44. Show that the vectors a, b and ¢ are coplanar,

if and only if§+'5,"5+? and €+§ are
coplanar. Foreign 2014
Consider,
e e e
[(a+ b)(b+c)c+ a)l
=(@+b)-{(b+c)x(C+a)}
={3+E)-(Ex?+gx3+gxg*gx3)
:{3+B})-(B><(_:)+Bx3+gx_a,)
‘Cxc=0 (2
:g(bxg)+z{gx§)+z-(gx_a))
+b-(Bxc)+b-(bxa)+b-(Cxa)

=2[a b c]
Now, we can see that
(a+b)(b+A)(C +al=2[a b cI

- = - .
Hence, the vectors a, b, ¢ are coplanar, if

and only if §+B,B+E}and?+; are
coplanar (2)

45. lf?, b and ¢ are three mutually
perpendicular vectors of the same magnitude,

then prove that @ + b+ ¢ is equally inclined
with the vectors E), 5) and c.
HOTS; Delhi 2013C, 2011
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“‘7 If three vectors a,band¢ are mutually
| perpendicular to  each  other, then:

g e L e

a-b=b-¢=¢-a=0 and if all three vectors
| - -3 o y
| a, b and c are equally inclined with the vector:
(@ + B + C), that means each vector a, b and“gé

| makes equal angle with (@+b+7¢) by usingé

— =

formulacos@=_9"2
lall bl
X > 9 -
Given, | a|=|b|=|c|=A [say]
and Q-B:O,B-gz{)and?z:O (1/2)
Now, |a+b+c|?=|al*+ |bl*+ |c)?
+2(a-b+b-c+c-a)
=AM +AT+2040+0) =307
= |a+b+cC|=%324 (1)
I
Suppose (a + b+ c¢) is inclined at angles
- =
0,0, and 0; respectively with vectors a, b
and c, then

(@+b+c)-a= |3+3+E| . |_z.3:|:::¢:1vs¢:’31
[-a- b =|al|b| cos@]

= |a] +ab+a E}:iﬁkx}»cosel

= A2 +0+0=2+3 A% cosh,
1
cos0, =t —
3
(a+ h+ &) - h =1 a+ b+ cll bl coso. (1
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= 3-B+|B|2+g.z=iﬁk-lc0582
T

0+ A2 +0 =++3 A% cos#,

1
=% : cos®, =+t —
T3

—>—>—>—> e e

Similarly, (a+ b+ c¢).c =|a+ b+ c||c| cos8,

=5 C080; = +T | (1)
1
Thus, cos0, = cos0, = cos0; =+ —
1 2 3 @
£l W — — —
Hence, it is proved that (a + b + c) is equally
inclined with the vectors Z, bandc. (1/2)
46. Ifa—:+;+kandb—f , then find a vector

- —
c,suchthata xc=banda-c =3

Delhi 2013, 2008

‘Q If a—a11+azj+a3k and b b1f+sz+b3k
are two vectors, then

- =

ik

- =
and ax b=la, a, a,
2 bzb

e e £ i o P e e e R g P L S L 8 S RS At st 0

”~

: P s A
Given, a=i+j+kand b = ;-k

and C=xi +yj + zk
i j ok
- -
axc=[1T 1 1
X y z
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[ (Xx—2z)+k{y—x)

—0i + 1 + (=1k [+b=]-k]
On comparing the coefficients from both
sides, we get
zZ -y=0,x-z=1,y—-x=-1
== y=zandx-y=1 | (1)

- -

Also giw}en, a-c=3
=  (i+j+k-(xi+yj+zk=3

=5 X+y+z=3 (1)
— X+ 2v= 3= z]..(iD)
On solving Egs. (i) and (ii), we get
3y =2
2
- y=—=12 [vy=2Z]
3
From Eq. (i) x:1+y=1+§=§— (1)
Hence, E’=EF+_2,;+3;2 (1)
3 3 3

4'. Using vectors, find the area of the AABC,
whose vertices are A(1, 2, 3), B(2, -1, 4) and

C(4, 5, -1). All India 2013
Let the position vectors of the vertices A, B and
C of AABC be (1)
A(1.2,3)
Biz 14 cA5-1)
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A=i+2j+3k OB=2i-]+4k
C =4i+ 5;" —!2, respectively.

—_— — —
Then, AB=0B -0
=i =] + 4k~ +2] +3k
=}:—3}:+£

and AC}:OC}—O/;'
= (4] +5] —k) = +2] + 3K
= (31 + 3] - 4k (1)
ik
_  —
Then, ABx AC =1 -3 1
3 3 -4

P12 s3] (A = B ok (3:49)
9i + 7] +12k (1)

i

—

| AB x AC |=(9)2 +(7)% + (12)?
= /81+ 49 +144 = 274

1, — —
Hence, area of AABC = —2~| AB x AC |

=% 274 sq units (1)

48. Ifa):f—f-l-?ﬁand_g:quf+l§,then

find the value of &, so thata + banda — b
are perpendicular vectors. All India 2013
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O Use the result that |f a and b are perpendlcular
’ then thenr dot product should be zero and

Given _a) ?-}"+7i2 andg=5f—f+?u'2
Then, a+b= {l—;+7k)+(51-;+.lk)

=6i-+2,‘+(7+l)k (1
and 3—B=(f—?+ 7!2)—(5?—}@?\.!2)

=—4i +(7- Mk )
Since, (3 +b)and (a - B) are perpendicular
vectors, then (3 + B}-(_a} — 3) =)

= [6] =27 + 7+ N K- [-4i +(7- MK =0 (1)

= _244+7+MN)(7-2)=0
=  49_)?=24 = A =25
A=%5 (1)

49. IfE:5?+l;~3§and3:?+3f~5§,then

— .
find the value of A, so that p +E and p-g
are perpendicular vectors. All India 2013

Do same as Que. 48. [Ans. A = £ 1]

50. Ifg,g and ¢ are three vectors, such that

19 |=5,ib|=12|¢< |=13and

E) +b+c= 0, then find the value of
e e e '
a-b+b-c+c-a. Delhi 2012
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a’ ) Use the followmg formula

(a+b+c -*|a| +[b| +|c|2
+2(0-B +b-¢ +T:> "5}
- -
Given, | | 5,|b|=12, |c|=13

l

and 3+ b+c =0

On multiplying both sides by {3+ b+ E’), we

get
e T e = - 2 = -
(a+ b+c¢)-(a+ b+c)=0-(a+ b+ ) (1
ek ey e dv By &r 8 & Py &
e e T T T
+c-a+c-b+c-c=0
= |'+|2+_a’ B+3-?+B-Z+|B|2+B-g
+C-a+C b +|cP=0
=|al2+|B|2+|CP+2(a b+ b C+c-a)=0
(1%)
[-ab=babc=cb,ca=ac
- > — 9
and x- x =| x|“]
2 2 i e e T
=(5)2+(12)*+(13)°+2(a-b+ b-c +c-a)=0
[-|al=5,|b|=12and|c|=13]
T T T
= 2ab+bc+c-a)=-338 (1%2)
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51. Leta =i +4j +2k b =3 —2j + 7k and
¢ =2 —] + 4k Find a vector p, which is

. - — — —
perpendicular to both a and b and p-¢ =18.
HOTS; All India 2012, 2010

2 = L 2 '
Given, vectors are a =i + 4f + 2k,
b= =27 47k

=3 i 4

and c=2i—-j+4k

We have to find a vectorg, such that

pa=0 (i)
~and BB = 10 -..(11)

[B is perpendicular to both 2 and _5, given]

and p-c =18 (i)
So, let B: Xi + y}:+z§

From Eqs. (i), (ii) and (iii), we get
xi +yi+2zk-(G +4] +2k =0
= Xx+4+2z=0 ..(iv)
(xi + yf+ Z.Q)-(E'.f - 2f+ 7!2}=0
= 3x-2y+7z=0 ..(v)
and (i +yj+2-Qi - j+4k =0

= 2x—y+4z =18 ...(vi)

On multiplying Eq. (iv) by 3 and subtracting it
from Eq. (v), we get

—14y +z =0 ...(vii)

Now, multiplying Eq. (iv) by 2 and subtracting
it from Eq. (vi), we get

-9y =18 = y=-2 (1)
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On putting y = =2 in Eq. (vii), we get

-14(-2)+z=0

=% 28+z=0
— zZ=-28
On puttingy = -2 and z = -28 in Eq. (iv), we
get

X+ 4(=2)+2(-28)=0
—- x—8-56=0
= X = 64 (1%2)
Hence, the required vector

_>

p =Xi + y}:+ z!:'is
n =641 —2] = 18k (1/2)
52. Find a unit vector perpendicular to each of
the vectors @ + b and a —3 where

a=30 +21+2kandb_f +21 2k. Delhi 2011

»x.,? Use the concept, if @ and b are two vectors, then
® a unit vector perpendicular to both of them:

_axb
Gx3B| |
Given, a=3i+ 2; + 2k
and B}=;+2f—2f£
Then, a+b=0Gi+2] +2K +i +2j -2k

= 4i + 4
o B . A s A ~
and a—-b=0Ci+2j+2k —(i+2j—2k
=27 + 4k (1)

- = 5 - = -
let a+ b=c and a—b:g, so that we have

- ] - M | e,
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c =4i +4jand d =2i + 4k.

B O &

T
Now,gxaz 4 4
2 0

i16-0)=]016-0)+k( —8)
= cxd=16i —16] — 8k () (1)

1€ xd|=16)2+(=16)% + (-8)
= /256 + 256 + 64
= /576 = 24 ..(i) (1)

On putting the values from Eq. (i) and (ii), we
get

16i —16] — 8k

Required vector =

24
8@i-2j-k
24
—Ef-tf ol (1)
3 3 3

53. ifa and b are two vectors, such that}a | =2,
IE |=1and a-b =1, then find

Given,|z|=2,]B]:1and3-6=1

Now, (3a-5b)-Q2a+7b)

- — - - =

=6a a+2la 10b-a—353-

20 514

b —
—6|al?+21a-b-102-b-35|b)> (1)
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-6|al*+11a-b-35|b?
=6(2)%+11(1)-351)°=0 §))

[+ |a|=2and|b|=1]
Hence,32 -5b)-(2a+7b) =0 (1)

-~
.

54. Ifvectorsg =2i +2j +3k, b=—i +2] +k
and ¢ =3/ + ] are such thata + A b is
perpendicular to ¢, then find the value of A.

Foreign 2011; All India 2009C

Given, a=2i+ 2}: + 3kA,
3=—-f+2f+§ and <_:)=3F+f.
Also, a+Abis perpendicular to c.
(@a+Ab)-C=0 ()
[ when 2l B,. thena b = 0]

Now, 2 + A b = Qi + 2] + 3kKH A (=i +2] +K)
S+ AB=i2- M+ +20) +kB+A) (1)
Then, from Eq. (i), we get
[Q-0)+]@Q+2))
+kG+M]-Bi+1=0(1)

— 32-AM)+12+20)=0
= 8§-A=0
A=38 (1)

55. Using vectors, find the area of triangle with
vertices A(1,1,2), B(2,3,5)and C (1, 5, 5).
All India 2011

Do some as Que. 47. [Ans. %Jﬁ sq units]
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56. If 3, b and ¢ are three vectors, such that

- = o
la |=3,|b|=4and]|c |=5and each one of
these is perpendicular to the sum of other

. e
two, then find | a+ b+ ¢ | All india 2011C, 2010C

Given,|2|=3|b|=4|c|=5 ..0)

- = o
Also, given that each of the vectors a, b and ¢
is perpendicular to sum of the other two

vectors, i.e.
- - >
al(b+c)
- =2 -5
= a-(b+c)=0
R
= a-b+a-c=0 ... (i)
3L@+§
e
— b:-(c + a)=0
- = -5 -
= b-c+b-a=0 .. (i)
and cl(@a+h)=c-(a+b)=0
e
= cca+c-b=0 ...(iv)

[ when two vectors are perpendicular, then
their dot product is zero] (1)
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Now, adding Egs. (ii), (iii) and (iv), we get
2(a-b+b-c+c-a)=0

= ab+b-c+c-a=0 (V)
B T T e T - - o - -
[~ aab=b-a,b-c=c-band c-a=a-c]
Now, consider
B T e T T B e B B
(a+b+c)-(a+b+c)=a a+a-b+ac
B e e e T e e
+b-a+b-b+b-c+c-a+c-b+c-cC

ﬁl:‘; +b +E)|2:|§|2+|Bi2+
+

la+b+cP=03%+@>+(572+2(0 ()
9+16 +25=50

| =50
=25x2=542 ()
57. Using vectors, find the area of triangle with
vertices A(2,3,5),8(3,5,8 andC(2,7,8).
Delhi 2010C

Do same as Que. 47. [Ans. :21—\/@_1 sq units]

58. The scaiar product of vector | + i +k with the
unit vector along the sum of vectors
2i +4j — S5k and Ai + 2 + 3k is equal to one.
Find the value of A All India 2009, 2008C

Do same as Que. 40. [Ans. A =1]
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59. Ifaxb=cx»danda xc¢=bxd, then show
thata —d is paraiiel to b —E), where @ +d
and b # c. HOTS; Delhi 2009

) If two vectors are parallel, then their _
" cross- product will be a zero vector.

—)—}—}—}

Given, axb=cxd ()
and axc=bxd G

On subtracting Eq. (ii) from Eq. (i}, we get
@xb-@xd)=Cxd)-(bxd)

e 4

— (axb}~(a><c)+(b><3) (?xa)):O

= Axb=cib-2%d =0
— ax(b-d-dx{B-2)=0

)—> - -
X b=-bxal(1)

— - -
P o d and b # c1(1/2)
Thus, we have that cross-product of vectors
- - = — .
a-dandb-c as a zero vector, so a ~dis

- -
parallelto b — c. (1%)

60. Three vectorsa , b and ¢ satisfy the

condition @ +b + ¢ =0. Find the value of
0-b+b-c+cC-a,i flo =1, Ib |= 4 and
1¢ 1=2 All India 2008C

Do same as Que. 50. [Ans - 221]

Get More Learning Materials Here : & m @&\ www.studentbro.in



—

61. Find a vector of magnitude 5 units,
perpendicular to each of the vectors (g + b)and
A i A -

(@ — b),wherea =1 +j + kand

-~

B =137 %3k Delhi 2008C

Given, Z:?+}"+i£ and-g=f+2f+3!2

2+Bb=CG+j+R+0G+2]+3K
=27 +3] + 4k M
and 3—B=?+f+§—(r+2;+3ﬁ]
=] -2k
Let -§+B=?and_a>—g=3

Then we get, c=2i+ 3} + 4k

- ~ 5
and d=-j—2k
We know that, unit vector which is

perpendicular to both ¢ andd is given by

. 2xd

|E>><3|
i1k
?x3= 2 3 4
o -1 =2

P lefe A= ] 4= 0bk=z—-0F )

= 2] +4j -2k

and | ¢ xd |= \/(-—2)2 +(4)? +(-2)
= J4+16+ 4
s I Tl
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_27 + 4] - 2k

n= 3
—}"+2}’—12
= (1)
V6

Hence, required vector of magnitude 5 units

_5 —f+2f—1'2
V6

5 » 10

“ 5
— 4 J —
J6 6 6

~

k (1)
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