Chapter 9. Vector Algebra
Algebra of Vectors

1 Mark Questions

1. Find a vector in the direction of vector
2i - 3; + 6k which has magnitude 21 units.
Foreign 2014

) To find a vector in the direction of gwen vector,

* first of all we find unit vector in the direction of

given vector and then multiply it with gwen
~ magnitude. i

Let a::2r'—3[+6§

12 ]= @2 + (=32 +6)

=J4+9+36
=49 = 7 units (1/2)
The unit vector in the direction of the given
vector; is
a 1 2+ 3= &
G=2 =_Qi-3j+e0=27-27+2k
|_a}| / 7 7 7

Therefore, the vector of magnitude equal to
21 units and in the direction of a is

g 21(3f-3}+6£)
7077

=61 =B 18k (1/2)

2. Find a vector @ of magnitude 5+/2, making
an angle of%with X-axis, -gwith Y-axis and

an acute angle 0 with Z-axis. All India 2014

Given, a vector a makes an angle ;— with

X-axis and g with Y-axis.
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SO,I=COSEandm=COSE=}>fzi,m=
4 V2

We know that, /? + m? +n? =1

= n2-1—l — n—+.._1_ = n—i
2 V2 V2
.
cos0 = —
V2
[0 is an acute angle with Z-axis]
= =2
4

Thus, direction cosines of a line are

1 1
0, (1/2)
22

—.._}
.. Vector a
— - £ T,
=|a|{cos—i+ cos—j+ cos—k
4 2 4

—5«/_[ i +(0) ;+——k) 57 + 5k (1/2)

2 72

3. Write a unit vector in the direction of the sum of
the vectors @ = 2i + 2f — Skand

b=2+j-7k Delhi 2014C



, I . = & A

Given, a=2i+2j -5k and b=2i+j— 7k
=3 ap 0 a > L >

Now, a+b=2i+2j-5k+2i+j-7k

= 4] +3] -12k

and |3+ 5 |=(42+3)? +(=12)?
=16 +9 +144

=25 + 144
=169 =13 units (1/2)

. Required unit vector = Unit vector along

the direction of 3 + B

a+b 4 ¢ 4 ,
i 13 1 13
la+b]|

4. Find the value of p for which the vectors
3 +2j +9kand i — 2pj + 3k are parallel.
All India 2014
We have, 3i + 2; + 9£ and i — Zp}: + 3[2 are two

parallel vectors, so their direction ratios will be
proportional.

~2p 3

4 2 9 2 3
i _- — =
1 -2p 1

2 1
= —bp=2=22p=— 2> p=—— (1)
p P = g
5. Write the value of cosine of the angle which the
vectord =i + f + k makes with Y-axis.

Delhi 2014C



A ~

; = 2 B
Given, a=i+j+k

- . . B * _) .
Now, unit vector in the direction of a is

3 ijek
21 2+ +0)?
ik _ 1
7ot A A L

~. Cosine of angle which given vector makes
with Y-axis is e (1)

V3

6. Find the angle between X-axis and the vector
i+j+k All India 2014C

i “
leta=i+j+k

..-_)
Now, unit vector in the direction of a is

NNE NI
HIR Rk V3
= A=—ri+ ok
B TR

So, angle between X-axis and the vector

- 1
i+j+kis coso=—=

V3
=5 o = cos”! (%)

[ra= T mf+n£ and coso. =1 = 0o = cos /]
| (1)
"l. Write a vector in the direction of the vector

| 2] + 2k that has magnitude 9 units.
Delhi 2014C



o A

leta=i—2j + 2k

Comparing with X = xi +y}:+ zk, we get
Xx=ly=-2,z2=2

Magnitude |3 | = 1/)(2 +y? + 27

=R +(22+22= 1+ 4+ 4=3units

= Unit vector in the direction of given vector

a2 i-2j+2k
- 3
la |

Hence, the vector in the direction of vector
f—2f+2k which has magnitude 9 units is

given by

95:9? 4l +2k}=3}"—6}’+6i£ 1/2)

3

8. Write a unit vector in the direction of vector

FE?, where P and Q are the points (1, 3,0) and
(4, 5, 6) respectively. Foreign 2014



(? F:rstly, fll‘ld the vector PQ_ by using the formula
(x3 —x) i+ (y, ~ )+ (2 - Zl)k

—

PQ

then required unit vector is given by —=—- |

| PQ|

The given points are ?’) (1, 3,0) and (_2) (4,5, 6).

Here, x;=1y,=3,2,=0

S

So, vector PQ
= (X5 = X;) i+ (y, = y,)f +(z, - z,).fz
—(4-1)i +(G -3 +6-0k
=37 +2] + 6k (1/2)
.. Magnitude of given vector
IPQ | =432 +22 +6
=J9+4+36

49 = 7 units

—_—

Hence, the unit vector in the direction of PQ
_ & A ~
PO ST alREE SRRtk i
g ¥4 s 7 7

|PQ |

9. Write the value of the following:

fx(f+§)+fx(§+f)+§x(f+f) Foreign 2014




ixG+R+]xk+D+kxi+))
=fxf+fx!2+fx§+;xf+§xf+§xf

A ~

Q ——r_O

i % !2 Pixk=1,jxi=-k
erzf,ﬁxf:—:] (1)

10. Write a unit vector in the direction of the sum of

7‘1“}
e

A

[oix

+
J

1]
?R")

vectorsa)=2f—f+2§and3=—f+f+3§.

Delhi 2013
- - P & A . o A
letc=a+b=2i —j + 2k)+(=i +j + 3k)
=?+0f+ 5!2
Now, 1C|=|a+b|=yP+52 =126
om BRI s B Vg0
. —
| a+ b | | al
1 » 5 ¢
= |+ —Kk (1/2)
V26 V26

which is the required unit vector.

11. |f3:xf+2f— zk and b :3f—yf+§aretw0
equal vectors, then write the value of

Xty +Z HOTS; Delhi 2013
Two vectors are equal, if coefficients of their
components are equal. (1/2)
- =
Given, a=bhb_

= x.'+2;-zk 3 — y}:+12
5 Y= ye—3 iz
Now, x+y+z=3-2-1=0 (1/2)



12. P and Q are two points with position vectors

30 —2banda +3, respectively. Write the
position vector of a point R which divides the

line segment PQ in the ratio 2: 1 externally.
All India 2013

Given, P and Q are two points with position

— — - = .
vectors 3 a — 2 b and a+ b respectively. Also,

point R divides the line segment PQ in the
ratio 2 : 1 externally. |

. Position vector of a point R
= - - =)
_2x(a+b)-1xBa-2b)
2=1

[by section formula]
_23+2B—3§+2B
2 -1

a+4b
- = -3
=—3—J1'———_~—a+4b (1)

13. L and M are two points with position vectors

- —» R
2a — b and a +2b, respectively. Write the

position vector of a point N which divides the
line segment LM in the ratio 2 : 1 externally.
All India 2013

Given, L and M are two points with position

- —> —5 !
vectors 2a ~b and a+2b, respectively.

Also, point N divides the line segment LM in
the ratio 2:1 externally.

. Position vector of a point N
- - - -
_2x(a+2b)-1xQ2a-b)
2 -1

[by section formula]
2a+4b-2a+b
_2a+ 1— a+ 5T

(D




14. A and B are two points with position vectors

20 —-3band6b —3, respectively. Write the
position vector of a point P which divides the

line segment AB internally in the ratio1: 2.
All India 2013

Given, A and B are two points with position
- - e .
vectors 2a —3b and 6 b — a, respectively.

Also, point P divides the line segment AB in the
ratio 1 : 2 internally.

. Position vector of a point P
_1x(6b-a)+2x(2a-3b)
1+ 2
[by section formula]

_Gh-a+4a-6b_37 -
= = = a
3 3

(1)

15. Find the sum of the vectors @ =i — 2] +Kk,

—3 ~ ~ ~ - ~ A ~
b=-2i+4j+5kandc =i —6j =7k
Delhi 2012

— A & -
Given vectors are a =i — 2j + K,

— & Y ~ - o ¥ ~
b=-2i+4j+5k and c =i —-6j+ 7k

Sum of the vectors 3, bandc is
B~ .. S 4 A A A 2
a+b+c=0-2j+k)+(—2i+4j+5k)
+( -6] - 7k)
=—4j -k (1

16. Find the scalar components of AB with initial
point A (2, 1) and terminal point B (= 5, 7).
HOTS ; All India 2012



<> Scalar components of AB OB OA

.._.)
= Pos:tlon vector of B — Position vector of A

Gwen, initial point is A(2,1) and terminal
point is B(—5, 7) then scalar component of

-
AB are x, — x; and y, — y;.
= —5-2=-7and7-1=6 (1

17. For what values of Er), the vectors 2i — 3; + Lk

andai + 6;" — 8k are collinear?
HOTS ; Delhi 2011

<> If a and b are collinear, then a=+ lb ora
iﬂl l Ibl :

=3

Let given vectors are a = vy 3f + 4k and

—>

b=ai-6] -8k

-5 3
Vectors a and b are said to be collinear, if

- -
a=k-b,wherekis a scalar

2 -3 + 4k =k (ai + 6] — 8K)
Above equation is satisfied, when a = — 4.

a=-4 (1)
18 Write the direction cosines of vector
-2 +] - 5k Delhi 2011

<> DITECth!’I cosines ofthe vectorai + bJ + c k are
a b C

\/a2+b2+cz’\faz+b2+c2, J02+b2+czé

=5 oA A
Let a=-2i+j-5k



- - - ﬁ
~. Direction cosines of a are

=3 1
22+ 2+ (=52 =22 + )2 +(=5)?
and -
V=22 + (1) + (=5)2
: -2 1 -5
e (1)
V30 " 4/30 " 430

19. Write the position vector of mid-point of the vector
joining points P(2, 3, 4) and Q(4, 1, - 2).
Foreign 2011

g) Mld pomt of the posmon vectors
® G=a,i+a,]+ask and

-

+b

B=bji+b,j+bskis a

(ay+ by) T+ (ay + by) j+(as + bs) &
A @]
leen points are P(2 3, 4) and Q(41 2)
whose position vectors OP 2i + 3; + 4k and
OQ =4i+]— 2k.

Now, position vector of mid-point of vector
joining points P(2, 3, 4 and Q(4,1, — 2) is

OR = OP+ OQ 2i +3; + 4k}+(41 +; —2k)
2 &
6 + 4] + 2k
2
20. Write a unit vector in the direction of vector

or

. OR=

=3] +2] +k )

—t "o -
a=2 +j+2k Delhi 2009; All India 2011



ﬁ
We know that, unit vector in the direction of a
. . a
isa=-——o
_)
|a |
. Required unit vector in the dlrectlon of

-—é
VECtOFa:2;+]+2k___ 2'+l+2k
@2 + 1) + (22

=2 Pl w2k (1
21. Find the magnitude of the vector

a4 =3 - 2; +6k. Allindia 2011C; Delhi 2008

(:? Magnltude of avector T =xi + yj+ zk

is[rlz\/x + y? +22.

—

Given, vector is a = 3 — 2; + 6!2

Magnitude of a= | _é)l = xj'r(?))"2 +(~2)° + (6)*

= \,@+4 +36 = /49 = 7 units (1)
22. Find a unit vector in the direction of vector
a =20 +3j +6k All India 2011C
Given vector is ;; ~ 2 & 31 + 6k
5
Unit vector in the direction of a = ——3—
o lad
2;+3;+6k 2:’+3{+6k
Jor+orre? V49
£ 75275 0F (1)

7 F 7



23. If A, B and C are the vertices of a AABC, then

what is the value of AB + BC‘ + CA} ?
Delhi 2011C

Let AABC be the given triangle.
&

A“ > B
Now, by triangle law of vector addition, we
il ____._.? —,
have AB + BC = AC
ey Soerg

= AB+BC + CA = CA+AC

[adding (TA on both sides]

s BB x BC 4 CA 24 A —CA [ AC =— EA]

= AB+BC+CA=0 (1)

24. Find a unit vector in the direction of
a=2i-3j +6k Delhi 2011C

Given vectoris a =2i — 3j + 6k

Unit vector in the direetion of_a_; A a
2i-3j+6k 21 -3j +6k
V49

T e e —_—

V2% +(=3)7 +(6)°

25 35,64 ™

25. Find a vector in the direction of @ = 2/ — i + 2K,
which has magnitude 6 units. Delhi 2010C
Do same as Que. 7. [Ans, 4 ~ 2} + 4.1:']

26. Find a position vector of mid-point of the line
segment AB, where Ais point (3, 4, —=2) and
B is point (1, 2, 4). . Delhi 2010

Do same as Que. 19. [Ans. 2i — 3} + 12]



2'1. Write a vector of magnitude 9 units in the
direction of vector =2i +j + 2k.  All India 2010

Do same as Que. 7. [Ans. — Gi 3}: + 6!2]

28. Write a vector of magnitude 15 units in the

direction of vectorj — 2f + ZE. Delhi 2010

Do same as Que. 7. [Ans. 5i - 10}: + 1012]
29. What is the cosine of angle which the vector
V2i +f+§ makes with Y-axis?HOTS; Delhi 2010

S o o &
Let a=~2i+j+k

- - . - % .
Now, unit vector in the direction of a is

_)

A a v2;+;+k 5;+;+k
e = . S
12 | J2)2 + (12 + ()2 2
- 2 ?+—;+--1-I:'
2 2
. Cosine of angle which given vector makes
with Y-axis is 1/2, (1)
Altemate Method

The direction cosines along Y-axis are (O 1, O)
* then we use the following cosine formula

0= cos 1{!1!2 + mm, + nyn, }
= S
Let a = 2i +j + Kk

Its direction cosines form

9 d)
_____ , = _—
2 2 2 (.2 2 2
\fa] + a5 + a3 yap +a; +a; _l
— d3 I



ISIRLY) = e

Jai + a3+ afJ
and let the position along with Y-axis is
< oz =
b =0i +1j + 0k

If 0 is the angle between them.
CosO =L +mm, +nmn,

=5 0= cos™ ?-0+1—1+1-0}
V2 2 2
Ccos 0 = —1-
So, cosine of anzgle which the given vector
makes with Y-axis is ; (1)

30. Find a unit vector in the direction of vector

=3 = ~ x
b =6i —2j +3k. ~ All India 2009C
Do same as Que. 24. [’Ans. 6; - 2; + Ek
SiE .
31. Find a unit vector in the direction of vector
0=-2i+]+2k Delhi 2009C
_7 A ~ o
Do same as Que. 24. [Ans.—"i + L + gk
3 3" " 3
32. Write a unit vector in the direction of
a=2-6]+3k Delhi 2009
Do same as Que. 24, Ans. if—-fif + —3'!2
7 e 7
33. Find the magnitude of the vector
ﬁ -~ ~ e
a =2i —6j — 3k All India 2008C

- 5 e s
Given, vectoris a =2j — 6] — 3k

Magnitude of a = | a | = J(Z)2 +(—6)* + (=3)°
= 4+36 +9 =+49 =7 units ()




34. Find a unit vector in the direction of

—* B A A
a=1i+]+2k Delhi 2008C
Do same as Que. 24.

[Ans 1f+1}:+212]
Vo Vo e
35. Ifa =i +2j ~kand b =3i + ] — 5k, then find

—
a unit vector in the direction g — B
All India 2008

4 Marks Questions

SV S ——— S L

C 9 Firstly, find @ - b by subtractmg the components
E i, jand kof a and b simultaneously and then

- = :
use the formula = —‘L—b— to get required umt
|a-b| |

: ™, & P g .8 A
Given, a=i+2j~-kand3i +j -5k

a-b= (r+21 k)-(31+,'—5k)
=—2.'+;+4k

il

Let Z—B=c=—2i+i+4k

“"'% -
Now, unit vector in the direction of ¢ is

s_C __ 2i+j+ak _2i+j+4k
Ic | \/(—2)2+(1)2+(4)2 V21

=N,
il \/_ V21
which is the required unit vector.
36. Find a vector of magnitude 5 units and

parallel to the resultant ofa =2 + 3? K
—3 - A A
and b =i - 2j +k. HOTS ; Delhi 2011

.




() Fu*stly, Fnd resultant of the vectors a and b
which is a + b Then, find a unit vector in the

direction of a + b i.e. the unit vector mu!tlplymg
by 5.

E
§

A ~ — A oy ~
Givena=2i+31';k and b=i-2j+k

%
Now, resultant of above vectors=a + b

:(2?+3f—ﬁ)+(f—2f+£)=3f+f (1)
le¢ a+b=c |
E:3f+}:

—_—
C
e ™ (1)
_)
|c |
3¢+1 3?+1 3
S B g i (1

“Jerem? V10 F J—

Hence, vector of magnitude 5 units and parallel

- - .
to resultant of a and b is

[«ﬁ'd”«:f?)m\/_ r

37. Leta =i+ +k b =4 —2] +3kand

(1)

=3 ~ ~ ~
¢ =i —2j + k. Find a vector of magnitude
6 units, which is parallel to the vector

- = -
2a — b +3c. All India 2010



? Firstly, find the vector 2 — b + 3¢, then fmdz

the vector in the direction of 2a — b + 37, i.e.
‘the unit vector multiplying by 6.

— -~ ~ - rs

Given, a=i+]+k b=4i —2]+3k

~ h

and C=i- 2j + +k
2a-b+3c
2G4+ +k—(4i -2] +30+30( -2]+k

-~

2i + 71+2k 41+2; 3§+3§-—6}:+3£

I

— 23—B+3?=f*—2f+2§ (1%)
Now, a unit vector in the direction of vector
52 Py i 2&—b+3c.
|Za—b+3c|
_ i-2j+2k _i-2j+2k
V2 +(=22 + )2 V9
:J—2;+2k:1;:__£ ’2 (1%)
3 3 3

Hence, vector of magnitude 6 units parallel to

-5 > -3 1 2 -
thevector2a~b+3c=6(f-~—;+ k]
3 a3 3

=2f~4f+4§ (1)

38. Find the position vector of a point R,
which divides the line joining two points P

o — —
and Q whose position vectors are2a + b

and a —3b respectively, externally in the
ratio 1-: 2. Also, show that P is the
mid-point of line segment RQ.

HOTS; Delhi 2010



) Here, we use the section formula for external
* division

> m

Q (0Q) P (OP)

and then use the mid-point formula
o5 - 00+ O

- 1—} - . % -_)

Given, OP = Position vectorof P=2a + b
— . o —
and OQ = Position vectorof Q=a - 3b

Let OR be the position vector of point R,
which divides PQ in the ratio 1 : 2 externally

< o >
|—— | —I
oG oP OR
12-38)-2022+8
__) — iy
OR = (a ) (2a+b)
1-2
e —
_) ——
2 pp MO =IMON) e it e
m-n
(1)
— - — = o
_a—3b*4a—2b=-—3a—5b=3 +5T




_— — —
Hence, OR=3a+5b (1%)

Now, we have to show that P is the mid-point
of RQ.

—_— =

OR + OQ
2

i.e. (7? =

- -

We have, OR=3a+5b, OQ=a-3b

!

OR+0Q (Ba+5b)+(a—-3b)
2 2
_4a+2b
2
- -
22[2a+b)_za+b
2
= OP [-OP =2 a + b, given] (1%)

Hence, P is the mid-point of line segment R.



Dot and Cross Productsof Two Vectors

1 Marks Questions
- - .
1. If a and b are perpendicular vectors,

|3 +b|=13and |3 | =5, then find the value

of |b]. Ali India 2014
Given, |Z+B|=13, and|3|=5
Now,
(@+b)-(a+b)=a-a+ab+ba+bhb
=|a.|2+0+0+|3|2_

[-a-a=|2|32b=ba=0asa.l b
= |a+b>=|2+|b|
= (132=05)%+|b |
- 169=25+|b|> =169 — 25 =| b |?

= 144=|b> = |b|=12 (1)



2. |fa and b are two unit vectors such that

E) +B is also a unit vector, then find the

angle between g and b. Delhi 2014

Given, |a|=1|b|=1and|a+bh|=1
Now, | a+ b|*=(a + b)-(a + b)

e T T e e e
=a-a+b-a+ab+bb

= |3+Bl2=|3|z+23-3+|3|2
[-a-b=baandx x=|x}
- -
= 1=1+2a-b+1
- -
=5 2a b=-1

=>|Z||B|C059"—'—;— [‘.'_a)ff))=|z||_5|cosﬁ]

= cosﬁz—% [-]a]=|B|=1]
= ‘C059=C052—n =3 lE)=g-"rE

3 3
Hence, angle between aandbis -2; §))]

3. Find the projection of the vector i + 3j + 7k
on the vector 2i — 3j + 6k. Delhi 2014

i e N Fe
E® The projection of vector a on vector b is given
;: Ii. _) -‘-)

bYTb‘

|6

s » RN

leta=i+3j+7kand b =2i -3} + 6k

i
i




The projection of vector 2 on the vector b is
given by

ﬁ1_(3.—55=1x2—3><3+ 7X6

B J@? +(=3?2 + (6)2

_2-9+42 35 35 _

S J4+9+36 49 7

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

Let3=?+f+£and8=f |

The projection of a on b is given by

L(Q-B)=1XO+1X1+1XO 1

— ' 2

] i
Hence, the projection of vector i + ; +k along
the vectorf is 1. (1)

5. If vectors g and b are such that
- — -y .
la |=3,|b|=2/3and a x b is a unit vector,

then write the angle between d and b.

Delhi 2014

Given, |z|=3and|3|=2/3
Let 8 be the angle between 2 and b.
Also, given|_a)x-6|=1 (1/2)
=X |§||g|sin9=1 = 3x%5in9=1
= 2sin®=1

. 1 T
= 5:n9=5 =0=— (1/2)



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

b=-i+2j+kand ?=3f+f+2!2.
All India 2014
Given, ._a>=2f+;-:+3!2,3=—f+2f+£

-
and ¢ =3i+j+2k

|8 & a5 |2 1 3

- o5 -
Now, a- ( ><<:)::’b1 b, b3‘= -1 2 1
€1 € e | 3 T 2§

=24-1)-1(-2-3)+3(-1-6)
=2X3-1X(=5)+3x(=7)
=6+5-21=11-21=-10 (1)

4. Ifd and b are unit vectors, then find the

— - -
angle between a and b, given that W3a - b)
is @ unit vector. Delhi 2014C

- —', -'—> -
Given, a and b are two unit vectors, then
- -
lal=|b|=1

Also, (\/5 Z— -5) IS a unit vector.

|J§3—B|=1 =% |\/§E—B|2=12



— (f3a-b)-W3a-b=1 [|af’=

- -

=3(a-a)—-V3(a-b)-V3(b-a)+b-b=1
:>313|2—«E|Z||B|c059
—ﬁ|31|31c0594|3|2=1 (1/2)

[let O be the angle between _5 and B}]
— 3—\/§C059-—\/§C059+1=T

= 3=2J§c058
= (:(:-SGE)=—§"——=:-c059:—%-=>8=3IE
243 2 6

— -
; . T
Hence, required angle between a and b is PY

8. 1f|a |=8,|b |=3and[a x b |= 12, find the
angle between g and b. All India 2014C
-3 ~
Let 8 be the angle between a and b.
Given,|a|=8,|b|=3 and | a xb|=12
We know that, | a x b |=|a||b|sin®
|Z||B!sin9=12

= sinf = 12

—b:, pod 8x3
| al|b]

t sin@ =

= sinf=+ = 8="2
2 6

Hence, the required angle between a2andbis
m
— - ' (1)
6



9. Write the projection of the vector

a =2?—f+§on thevector3=f+2f+2§.
Delhi 2014C

Given,3=2f~f+£andg=}:+2}:+2§

"
Then, projection of a on b is given by

[~ A R A"I
a.b _|@i—j+ki+2j+2K
B J02+ @72 +@)?

_2X1+ (=) x(2)+1x2

Ji+4+4

2~-2+4+2 2 2

“ T J8  Jo 3

Hence, the projection of vector (2}: ~ ; + ié) on

(i +2] +2Kk)is % (1)
10. Write the value of 7L so that the vectors

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

— ~ -~ A
Given, vectorsare a=2i+Aj+Kk

and B’:?—z}’+312
Since, vectors are perpendicular.
- -
a-b=0 (1/2)
= Qi+Aj+R-(-2]+3k=
] 2-2A+3=0
A =512 (1/2)

11 Write the pro;ectlon of the vector 7i + | — 4k
on the vector 2i + 6; + 3k. Delhi 2013C



Let—a}=7?+f-4l§and3=2f+6f+3§

N
Projection of aon b = a_-_)b_
| bl

_(7i+]-4k-2i+6]+3Kk

_ 14+6-12
J2)2 + )2 + (3)?
8 8 8

=2
f+36+9 Ja9 7

12. If a and b are two vectors such that

- -5 - - -

|a + b| =|a|, then prove that vector2a + b is

-

perpendicular to vector b.  HOTS; Delhi 2013
- - -
To prove,(2a+b) L b

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

272 2
la+b|"=|a]

e T - - =
= 2a-b+b-b=0 | |x|2=x-x=x2]
, = (23+B}-B-—*0=> (23+B).LB

[-ifalbea-b=0] (1)

Hence proved.

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

(x—a)-(x +a)— 15. HOTS: All India 2013



Given, & is a unit vector. Then, | a|=1

-3

~ -_} ”~

Now, we have(x — a)-(x +a) =15

- —) P e % i
= X-X—a-X+Xx-a—a-a=15

- = .
=9 X-X—a-X+a- x—aa—15

[ scalar product is commutative]
- i - =
= IXP-1aP=15  [z-z=|Z
- >
= |x|2—1=15:>yx|2:16
_).
| x|=4 t);

14. Find A, when projection ofd = Ai + i+ bk

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

_) ~

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

. i —_ —3
projectionof aon b =4

=2 E;;B::/_l
| b
- — _)_g
- projection of a on b = =
5]
(lf+;+4k) (2:+6;+3k) i
\/(2)2+(6) +(3)?
2l+6+12 =2A +18 =28
J49
A =5 (1)

15. Write the value of{E X f)? + ;ﬁ
HOTS; All India 2012



~ -~

* is) Use the results jx k=1,
' j- k=0 and i.i=

1

~ -~ ~ -~

We have, (kx])-i+]-k=(h-i+] -k

['.'ka=f=>kxf=—fandf-§=0]
=—i240==1 [i%=1]1)

16. fa-d =0and a-b =0, then what can be
concluded about the vector b? Foreign 2011
Given,a-a =0=|ad f=0=]a|=0 ..(i
and E) -E =0
- =
= |a || 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 ™ f on the
vectori + . All India 2011

: “pr . & =k A& 8
Let given vectorarea =i —jand b =i + .

" _ — -
Projection of a on b

_ab _(i-p.G+)

1B VO?+0)?

1-1_0 Ceiei=jeg=1
= o S ) A oA (1)
18. Write the angle between vectors d and b with
magnitudes V3 and 2 respectively, having

a-b =6 All India 2011




) ‘x? LetB be the angie between a and b then use the
e fo[lowmg formula -

- -
a-b
cos=—""

laliB]

Given,|_a)|=x/§,|f))|=2 and a-b =6
Now, angle between 2andb is given by

3B 5 _AxZ 2

cos0 = = = -
1 1:
= cos O = T Z
T T 1
0=— —=—(
2 [ cos4 ﬁ]()

19. For what value of A are the vectors
i +2Aj +kand2i + — 3k perpendicular?
All India 2011C

If two vectors a and b are perpendicular then
- ey e 3 i
a-b= '

[
i

1.

caxsiead

leén ectors ore (f + 2).;+ 12)
and 27 + | — 3k).

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

(G +2)0+k-Q2i+7-30=0

=5 24+2A-3=0
= 24 =1=0
s - 2x=1orx=21 1)

Hence, required value of A is 1/2.



| f;) two vectors a and b are perpendicular, then

| ab=0

leen vectors ore( + 21;+ I:)

and 27 + | — 3k).

.............

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

(+2)M +k-Qi+]-3k=0

=5 2+2A-3=0
= 2% -1=0
= - 2A=1or ?Lzzl (1)

Hence, required value of A is 1/2.

20. If|3 |= @,lg | = 2 and angle between
g and b is 60°, then find a-b.  Delhi 2011C
We know that, a-b = _a)| | Bl cos6

On putting |3| =43, Igl =2 and 0 =60°,
we get

.:ng.zcosﬁO"
- = 1
= a-b=5x2x/§=\/§ [‘.'C0560°=%]

—
d

ol

=3 (1

21. Find the value of A, 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]
22. If|a|=2,|b|=3anda-b =3, then find the
projection of b on a. All India 2010C



= - - -
Given,|a|=2,|b|=3and a-b =3

B—)
3 g ¥
.. Projection of b on a =*-_—)i
|a |
- -
_ab [-ab=b al
—3
|a |
-2 [ab=3and|3]=20)

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 andb.
All India 2010

T
Do same as Que. 5. [Ans. —]
3
24. If @ and b are two vectors, such that
- — - = .
| @-b| = | axb|, then find the angle

- =
between a x b. HOTS; All India 2010



<) Use the followmg formulae:
a-b=|al||b|cos®
and axb=|a||B]|sin® i

where, 8 is the angle between aandb.

Given, |Z-B[=|3><B|

— |a||b|cos®=|al||B|sin® [|Al=1]

= cosO=sin®d
On dividing both sides by cos 8, we get
tan@ =1
= tan 6 = tan & [ 1= tan E]
4 4
="
4
So, angle between aandbis Ly (1)

25. Find A, if (27 + 6] + 14k) x (i — Aj + 7k) = 0.
All India 2010

(P fa= a1i+az_}+a3kandb b1f+sz+b3k then

-~ -~

P
T; XT; = 01 02 03
b1 b, by

i ; I:

-
2 6 14|=0
1 = 7

L T (424140 - 1418+ k(=2\ - 6) =
— [ (42 +14\) + k(=2 — 6) =0 +0] + Ok

[: 0 =0 +0] +0k]



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

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

Hence, required value of A is -3.
26. Findg-g, ifag =—i + ; _ 2k and
b=2i +3j —k All India 2009C

'_} ~ ~ ~ fal ~ "~
Given,a=-i+j—2k and b=2i+3j-k
Thier; 5~ B =l-] & § =20 (27 43~ k)

=—-2+3+2=3 (1
2%. Finda-b, ifa =3/ -] +2k and b =2i +3] +3k.
Delhi 2009C

Do same as Que. 26. [Ans. 9] )
28. Find the value of P, if
(2? + 6;\ + 27&) X (? + 3}? +P£) = B'All India 2009

27
Do same as Que. 25. [Ans. -:2—}

29. IfP is a unit vector and (_; _P) -(_; +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

ngglzﬁ. Delhi 2009



- =
Given,|a|=1,1b|=2and|_a) xg|=ﬁ
= I_a)HB]sinB:\@
U — - - N .
[-axb=|a||b|sin6-nand|n|=1]

= 1x2xsin0=+3 [‘.'|_a)|=1and]B|=2]

=> sin9=—?i=sinE=>G=£
2 3 3
— -
Hence, angle between a and b is ?35. (1)

31. Write the value of P, for which
a =3f+2f+9§and-5=?+Pf+3Eare
parallel vectors. Delhi 2009

- i - ~
Given vectors are a=3i+2j+9 and

-_—

b=i+Pj+ 3k,
Also a and b are parallel vectors.
So, axb= O
i 1 k
—_
= 3 2 91=0
1 P 3

=>r(6 9P)-J(9 9)+k(3P 2) =
= i(6- 9P)+k{3P 2)= 0!+0f+0k

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

6—9P=0 =¢P=% 1)



Alternate Method

(:? if the two vectors a—a1:+azj+a3h andz

—)

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

Given, =34 2}: + 9k and
—) ~ ~ ~
b =i + Pj+ 3k are parallel vectors.

Th ’ —_ — P:_ ‘I
en 5 = (1

- —

32. Find the projection ofa on b,ifa-b =8 and

b =2 +6] +3k Delhi 2009
Do same as Que. 9. | [Ans. 3]

33. Find value of the following:
f—(f><§)+j-(i X k) +k-(i xj)

HOTS; All India 2008C
We have, i - xk) +]-( x k) +k-G x})
=f-?+f (=) +k -k
ixj=k; jxk=i
[szfzf = ;x“z_;]
=12—}2+I22
=1-1+1=1 (1)

34. Find|d x b |,ifa =i — 7] + 7k and

b =3i —2j +2k Delhi 2008C



Given,zzf—7f+7£and3=3f—2f+2lz
J

-7

-2

- -
Soaxhb=

u — —y
N g &

=i (~14+14) =2 =21) + k(=2 + 21)
=19/ +19k

Now, | a x b | =192+ (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
T
Do same as Que. 18. [Ans. E:'
36. Find angle between vectorsd =i — ] +k and
b=i+j-k Delhi 2008

Given, vectors are

- - ~ A ~ A A ~
a=i—j+kandb=1i+]-k.

Then, —a)-Bz(f-—f+12)-(f+f—k)
=1-1-1=-1




We know that, angle between 2and b is given
by

- —
cos 9 = a-b
- =
la||b]
-1 1 1 1
C0s=——=—— =20=cos ' |- -
V3 x3 3 ( 3]

which is the required angle between 2 and b.

(1)
4 Marks Questions

- - —
37. Prove that, for any three vectors a, b and c,

- -

% oy -
[@a+b b+c c+al=2[ad b c]pelhi2014

| | <-> [f use thémgs;.bpert;%ét in a scalar trimple producti
' if any two vectors are equal, then value of scalar

|
| |
___triple productwill be zeroand[a b ¢]=[B 3} |

_}

We have, LHS=[_a>+B B-l-E)gﬂ»a]

=(@+b)-[(b+0)x(C +a)
=(3+B)-(Bxg+g xz+?x?+?x3)
=(§+B)-(‘5x8+’5x”§+?x5’)
[ CxC=0] (2)
=_§-(Bx?)+§ (B)x_a)H_a) (E)XZ}
+B:(bxC)+b-(bxa) + b x a)
=[abcl+[abal+[ac al
+[6bC1+[bb al+[bc a]



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

|c |=7. Find the angle between aandb.

All India 2008; Delhi 2014, 2008

f ) Firstly, write the given expression a+b+c= 0

as a+ b=-¢ and then square both sides and

symplify to get the angle between @ and P.

Given, | a|=3,|b|=5and|C|= 7
Also, 3+B+g=0=>3+3=—2
=3 g = 5
= (a+b)* =(-c)? [squaring on both sides]
e e - -
= (a+b)-(a+b)=(-c)-(-c)
= a-a+a b+b a+b-b=c-c
:|3|2+3-B+3-3+|B§2=|?|2
[ X-x=|x|?and a- b = b- 2] (1)
=  |alP+2ab+|b2=|CP



= |al?+2|al|b|cos8
| BPE=|cP i

e

Wi a-_5=i~§||3|-c058]

= (32 +2 x3x5cos8+ (5?2 =(7)?

t\al=3,|b|=5 and|c|=7

= 9 +30cos®+25=49 (1)
= 30 cos9 =49 — 34
= cosﬁzg-—-.l

30 2

1

— cos 0 = cos — [ Ezcos—}
= 9=Zt—

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 +k, - j—k,
30 + 9f + 4k and 4(— i + ; + k) respectively are
coplanar. All India 2014



Given, points are A = 4?+5}:+§,B=—}:Fk
C=3i+9]+4kandD =4(i + ] +k).

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

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

!

— 1ir
and AB are coplanar, i.e. if

- . o
[AB AC AD]=0
— A oA

AB:—j—k—(4f+5}:+lz)
= — 4 —6j — 2k (1)
- A S . S
AC=3i +9j +4k)—(4i +5j + K
=—i+4j+3k
— XA - A A A
and AD=4-i+j+k —(4i +5j+K
=-8i—]+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 vector a=i+ i +k
with a unit vector along the sum of vectors

B =2+ Af.— Skand ¢ = Af +2f +3k is equal
to one. Find the value of A and hence, find
the unit vector alongf; W E. All India 2014
Given, _a>=f.+f+!2, g=2?+4f—5.& and
=3 o % r
c=Ai +2j+3k
Now, B+ ¢ =27 + 4] — 5k + Ai +2] + 3k
- 34 X1 6] — 2k

—




1B +C =42 +0)?%+ 67 +(-2)

=\/4+?@+47x+36+4

= A2 + 4\ + 44

. - -
The unit vector along b + ¢

- -
_ b+c

- o
| b+ |

=(2+7L)}’+6}—2E
\/12+43.+44

(1

saall)

Given, scalar product of (i + ; + E) with this

unit vector is 1.
o
+C

|_5+?|

=1

- (}?+}:+“).(2+l}f+6]-—2k=1

JAZ+ 40 + 44
12 + A) +1(6) +1(=2)
= =1
JAZ + 44 + 44
2+A)+6-2
=% — =i}
JAZ +4N + 44
= l+6=\[k2+4l+44
= (A +6)2 = A% + 47 + 44

(1)

[squaring on both sides]

= A 4+36+12A =A% +4A + 44
= 8A =8

= A =1
Hence, the value of A is'l.



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

Unit vector aiongB +C
_@+1)i+6j -2k _3i +6] -2k

VO +40)+44  1+4+44

3i+6j -2k 32 6. 2-

= ==i+—=j—-=k (1)
Jao 7 777

41. Find the vectorB which is perpendicular to

botho =4i + 5] —kand B =i — 4] + 5k and

”~

- = - i I
p-q =21,where q =3i + — k. Allindia 2014C



Given(x=4f+5f—!2,B#f—4f+5£
q:3f+f-§

—

Also, vector p is perpendicular to o and B.

Then, B =X (EE X§)

~

i ik
- =
Now,axB=(4 5 -1
1T -4 5

=1 (25-4) -] (20+1) +k(-16 -5)
=i @00 +k21)
=217 —21j - 21k

So, p=21\i —21Aj — 21Xk 0

- =
Also, given that p- g = 21

-~

@Thi —215] =21k <372 7= l=21
= 63N —21L+21A =21
=5 63% =21 =% =13 )

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

- 1 1+ 1z
P=21x-i—-21x~j-21x —k
3 . 3 3
— A o 5
=5 p=7i-7j -7k
which is the required vector. (1)

42. Find a unit vector perpendicular to both of
the vectors @ + b and @ — b

whereg:f+f+§,and3=f+2f+3§.
Foreign 2014



o - - ~ — - - -
Given,a=i+j+kandb=i+2j+ 3k
Let the required unit vector be

= - D a
r=xi +yj + zk,

then Jx2 +yt+z% =1

= X2+y?+z2=1 wsll)

Now, 'a’+b—(;+,+k)+(: +2] + 3K
—2:+3;+4k

and a-b = (:+;+k)—(r+2;+3k) — 2k
(1)

. - X - 9 > -
Since, r is perpendicularto a + b and a — b,

?-(-5+B)=0 and ?-(3«—5’):
e (xi +yj +2zk) -7 +3] + 4k =

= 2x+3y+4z 0 -..(i1)
and (xi +y; +zk) (— ) =0

= —y-22_=0

=5 y=-2z T

On putting the value of y in Eq. (ii), we get
2x+3(-2z2)+4z=0

=5 KE 7 (1)

On substituting the value of x and y in Eq. (i),

we get

1
zz+422+22ﬂ=>z=i——and

J6
1
then, - x=%— and =¢~—+ (1
J6 J6
Hence, the required vectors are
1 ;_ 2 }:+ 1 £
N RN
and _1.\ 2 ; 1 . §)]




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

and C are 2/ —;+k [ -+-;+2kand2r+3k

respectively. All India 2014C
) Aunit vector perpendicular to plane ABCis
| ABx AC
- =
|ABx AC|

!
E

sy s s ek

Let O be the origin of reference.
Y = S5 A
Then, given OA=2i - +k,
— A~ ~ A e ,.. ~
OB=i+j+2kand OC =2i + 3k

-~

A£§=OB'-OA=?+}:+2§—2?+}:—I<

= i 3f Pk (1)
—) =3 = . A A A A
and AC=0C-0OA=2i+3k-2i+j—k
= +2k
il
—_— s —
Now, AB x AC=|-1 2 1
B T 2

i @4=1)=j(=2-0)+k(=1-0)
=3f 2]~k (0

Then, |AB><AC|—J3} + 22 + 12

=Jo+4+1=14 (1)

Unit vector perpendicular to the plane ABC

e — - Y ~

_ ABxAC _3i+2j-k
| ABx AC]| V14
3 1 2

k (1)




-5 — —3
44. Show that the vectors a, b and c are coplanar,

if and only if _a)+'5,"5+? and C + a are
coplanar. Foreign 2014
Consider,
[(a+b)(b+C)(C + a)
=G+E{£+ax£+$}
=(@a+b)-(bxc+bxa+cCxc+cCx a)
=(a+ b) (b><(_:)+5)><_a)+g><3)l
cxc=0 (2)
=3-(Bx?)+3-(5>x§)+_a)-(?x3)
+b-(bxc)+b (bxa)+b(Cxa
=a(bxc)+b-(c x a)
[-[a bal=[bb al=[ac a]=0]
=2[a b cl

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

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

I I - o
and only if a+b,b+candc+ a are

coplanar (2)

45. Ifa, b and ¢ are three mutually

perpendicular vectors of the same magnitude,
then prove that g+ b+ ¢ is equally inclined
with the vectors E, 5) and c.

HOTS; Delhi 2013C, 2011

-~

7 ————
) If three vectors a,bandc are mutually
" perpendicular to each other. then



| 3 b ¥ oF L |
a-b=b-c=c-a=0 and if all three vectors:
| a, b and ¢ are equally inclined with the vectorg
| — — :

(a + b+ ¢ ), that means each vector a, Bband ¢ ¢

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

- -3

1 formula cos@=_9"2
|a]] bl
. - ) -
Given, | a| =|b|=|c|=A [say]
and a-b=0,b-c =0andc-a=0  (1/2)
Now, |a+b+cl®=|al*+ |bJ*+ |c)?
+2(ab+b-c+¢-a)
=AM A AT +20+0+0)=347°
= |3+B+g|:iﬁl (1)
- - -
Suppose (a+ b +c) is inclined at angles
i
0,0, and 0; respectively with vectors a, b
and c, then

e T S T -

(a+b+c)-a= |a+3+c| : |_§|COSB1

_)

[ a- —|a||b| cos 0]

= |a+ab+ac=%3LxAcosd
= A2 +0+0=++3 A% cosh,
cosB,=...-—1—
3
(Z+B+EJ-B=|§+B E)[|b| cos9, (1)

)

= a-B+|B|2+E.Z=iJ§k - A cosf,

—_— N '52 In_-l—*[';lzr-nrn



—— T nNn T WU=—_1LYWVJI2II LUDU2

1

=3 : cos9, =t —
V3
- - —) — e

Similarly, (a+ b+ ¢).c =|a+ b+ c||c|cos6;,

=5 COS&,""T | (1)
Thus, cos8, = c0592 = Cos0; = T

i
+ b + c) is equally
,B and ¢. (1/2)

46. Ifa =i +1 +kand b -*f -k, then find a vector

[

Hence, it is proved that (

ml

inclined with the vectors

-~

i

c suchthata ><c —banda g =3
Delhi 2013, 2008

‘%? If a—ali +a,)+ aak and b bll + b21+ b3k
are two vectors, then

— =
i ok
- -
QXb=Gla2a3

by b, b,

and

P P 1 S R 1R S T P el b A e e £ 4 1 18 St

A~ A~

Given, 3:f+j+kand3 ;—IQ

L

and C=xi +yj + zk

i 7ok
- o
axc=[|1 1 1
Xy z
:?(z—y)—f(z—x)ntlz(y-—x) (1)
- -5 -5
Now, axc=b [given]
=% f(z—y)+f(x—z)+£(y—x)



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

- -

Also gi{zen, a-c=3
= (f+f+k)_-(xf+y}'\+zk)=3

— X+y+z=3 (1)
= X+ 2y =3[y = z]...(ii)
On solving Egs. (i) and (ii), we get
3y =2
2
— y=—=12 ['.'y=Z]
3
From Eq. (i) x=1+y=‘|+§=g— (1)
Hence, €=§?+3}‘+312 (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)
B 1.4  c45-1)
— A ~ A — A A A
OA=i+2j+3k, OB=2i-j+4k

A -~

- - |
and OC + 5 —k, respectively.
_— = =
AB = 0B - OA

=(2}’—}"+412)w(}’+2f+312)

Then,

=f—3f+£

and AC =0C - OA
= (41 +5] —k) = (i +2] + 3K

= (37 + 3] - 4k) (1)
ik
—_—
Then, AB x A 1T -3 1
3 3 -4

=f(12—3)—f(—4—3)+ﬁ(3+9)
=97 +7] +12k (1)

| 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. Ifng—f+7§and3=5f-f+l§,then

find the value of A, so thata + banda — b
are perpendlcular vectors. All India 2013

A b 4L - GRS 41 LR SR A LA AL AR R R

Q? Use the result that ifa and b are perpendacular
then their dot product should be zero and

S|mphfy it.

Given,3=f-f+ 7k and3=5f—f+ll;
Then, Z+B={i’_}"+7§) +(5f—f+l§)
=6/ -2] +(7+ M)k %)
and 3—E=(f—f+7!2)—(5f—f+lkA)
=—4i +(7- Mk (1
Since, ('5 + b) and (a - B) are perpendicular
vectors, then (3 +B)-(z —B)zO
6] 2] +(7+ AV KI-[=4i + (7= MK =0 (1)

= = QAHT AT =R =
= 49 _-2’=24 = A’ =25
A=+5 (1)

49. ifB:5?+?Lf~3§andE;)=f+3f~5kn,then

find the value of A, so that})> +E andB —6
are perpendicular vectors. All India 2013
Do same as Que. 48. [Ans. A =+ 1]

50. ifa B) and ¢ are three vectors, such that

la|=5,ib|=12]|¢|=13and

3 +b+cC= 0, then find the value of
i i e T I
a-b+b-c+c-a. Delhi 2012



(M

e

o i g s
n multiplying both sides by (a+ b+ c)
c), we

get

IZ

—3
C

2 +|B]* +]

-
a

B+ ¢)?

+

—3
a

(

. () Usethe following formula:
and

TO
19
10
1Q

1
19

TO
1 s
19
1T

T
T

1
T

to

19
1O

T 9

(1%)

2 -3
+|c|*+2(a

+|b|

I 2

s
=|a

T
T

I
1o

T-Q
T
N
TO
19
1
1-Q

I
10
T o3

(1%)

__)

=12and|c|=13]
-338

|=5,|b|
g iy
+C-a)=

_}

[-|a

-
C

— 2(a-b+b-

169

Il
1
1O

__)
C +

T

T
1S

Hence,



51. leta =i+4j+2k b =3 —2j+ 7kand
¢ =2i—j+4k Find a vector p, which is

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

and

We have to find a vectorg, such that

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

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

- —

and p«c =18 L)
So, let E= xi + yf+z!2

From Eqgs. (i), (ii) apd (iii), we gef
(xi +vyj+zk-(i +4j+2k=0
= x+4y+2z=0 .. .(v)
Xi +y]+2K)-Bi - 2] + 7k =0
- 3x-2y+7z2=0 ..(v)
and (xi +yj+2zk)-2i - j+40=0

= 2x—y+4z =18 ..(vi)

On multiplying Eq. (iv) by 3 and subtracting it
from Eq. (v), we get
14y +2 =0 ... (i)

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

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

—1ALN L 7 =0



| B B ¥ =y 0 L b

= 28+ 7z =0
— zZ=-28

On puttingy = -2 and z = -28 in Eq. (iv), we
get

Xx+4(-2)+2(-28)=0
— x—8-56=0
= X =64 (1)

Hence, the required vector

—

p=xf+y}:+ zlzis

p =64i — 2] — 28k (1/2)
52. Find a unit vector perpendicular to each of

— — - =
the vectorsa + b and a — b, where

a=3f +2;+2kandb—r +2; — 2k.Delhi 2011

Q Usethe concept, if a and b are two vectors, then
a unit vector perpendicular to both of them

_axb
|3><_5|
Given, a=3i +2f + 2k
and B=;+2f—2!2
Then, a+b=@i +2] +2k +( +2j -2k
=4?.+ 4}
and  a-—b=0i+2]+2k—(i +2] -2k
= 2] + 4k (1)

e - 2 -
Let a+b=c and a—b:&, so that we have
C=4i+4jandd =2i + 4k.

i j k
oy
Now, ¢ xaz 4 4 0




204|

—i06-0)—](16-0)+k(0O —8)

= ¢xd=16i —16] — 8k () (1)
1€ xd|=16)+(=16)% +(-8)’
= /256 + 256 + 64
=576 =24 ..(ii) (1)

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

161 —16] — 8k

Required vector =

24
8Qi-2j-k
24
==f-27.1% (1)
3 3 3

-5 — -~ .
53. ifa and b are two vectors, such that{a | =2,

|B |=1and a-b= 1, then find

Given,|z|=2,]B|=1and._a)-_g=1

Now, 3a-5b)-2a+7h)

- — - - - =

s
—6aa+2lab-10b-a-35b-b

ol

_ g - 5 - — 9
=6|al|"+21a-b—-10a-b-35|b| (1)

[ x-x=|x|*and a-b = b- a
~6|al*+11a-b-35|b
=62)2+111)=-35M)%=0 )

[+ |a|=2and|b|=1]
Hence,3a -5b)-2a+7b) =0 )



~ A
'

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

Foreign 2011; All India 2009C

Given, 3=2?+2f+3k:
Bz-—f+2f+§ and E)=3f+f.
Also, a+Abis perpendicular to c.
(a+1b)-c=0 06)
[ when 2 _LB, then a -B=0]
Now, 2 +A b =Qi +2] + 3k A (=i +2] +K)
= a+Ab=i2 - A +jQ2+20) +kB+1) (1)
Then, from Eq. (i), we get
[ (2-A)+]@2+2Q)
+kG+AM]-Bi +1=0(1)
=5 32-A)+12+20)=0
= 8-A=0
A=8 (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]

— —

56. If 3, b and ¢ are three vectors, such that
|.3 |=3, IB} i~ 4and | c | = 5and each one of
these is perpendicular to the sum of other

. = = -
two, then find | a+ b+ ¢ | Alltndia 2011C, 2010C



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

. - 2 o
Also, given that each of the vectors a, band ¢

is perpendicular to sum of the other two
vectors, i.e.

- o
al(b+c)
S
= a-(b+c)=0
" ab+a-c=0 . (i)
bL(C+a)
- = -
= b-(c +a)=0
s
= b-c+b-a=0 .. (i)
and cl@+h=>c(a+h=0
e T
=3 c-a+c-b=0 ...(iv)

[ when two vectors are perpendicular, then
their dot product is zero] (1)



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 e - T T T e T
[ aab=b-a,b-c=c-band c-ra=a-c]
Now, consider
T e - T T e e e s
(a+b+c)-(a+b+c)=a atab+ac
B e e e - T
+b-a+b-b+b-c+c-a+c-b+c-c
- - - - o —
=la+b+cf=lal’+|bi*+|c|’
%
+2(a- b+

Q.

On putting the values from Egs. (i) and (v) we

get
a+b+cP=32+@2+(5)?2+2(0) (1)
=9 +16 +25 =50

Hence,|3 +b +E)|

J50
=25 x2 =542 (1)

57. Using vectors, find the area of triangle with
vertices A(2,3,5),B(3,5,8)andC(2,7,8).
Delhi 2010C

Do same as Que. 47. [Ans. %J&ﬁ sq units]

58. The scalar product of vector i +  + k with the
unit vector along the sum of vectors

-~
.

2i + 4f ~ Skand Al + 2j + 3k is equal to one.
Find the value of A All India 2009, 2008C
Do same as Que. 40. [Ans. A =1]
59. faxb=cxdandaxc=0b xg, then show
thata —d is paraliel to b — ¢, where g #d

and b #c. HOTS; Delhi 2009



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

._hd“;:" .:; — — .
Gwen, axb=cxd .. (i)

- = =

and axc=bxd ()T
On subtracting Eq. (ii) from Eq. (i) we get

(3 XB) (a xc)-{c ><d

B 4

§ =
= (a xB)—(zxc)Hb xd)-(c X3)=0

- o -

= 3x(b—c)+(b c)xd 3
= zx£~a—3x£—a:3
[

[-a#=dand b =c1(1/2)
Thus, we have that cross-product of vectors

- - = -— .
a-dandb-c as a zero vector, so a—dis

parallel tob - C. (1%2)

60. Three vectors a, b and ¢ satisfy the

sy o

condition 3 +b +¢ =0 Find the value of

—y ==

a-b+b-c+¢-g, ;flol-*l Ibl—&and

Ic =2 All India 2008C

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

61. Find a vector of magnitude 5 units,

—

perpendicular to each of the vectors (d + b)and
(cr - b), whered =i + ;’ +k and

b=i+2f+3k Delhi 2008C
Given, 3=f+f+12 and-B=?+2f+3!2

=% = L ® B o i

~



a+b=>+j+KkK+0+2]+3K

=27 +3] + 4k )
and 3—B=?+}+12 (!+2)+3k}

= -] -2k
Let z+B=?andzﬂB=3

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

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

perpendicular to both ¢ and d is given by

>

5
c xd

|E>><3|

n=

<F et -] 8~ @kE2~0F )

=20 + 4] -2k

and| € x d | = (=27 + (4)% +(-2)

=J4+16+ 4
=v24=2J6
ﬁ:—2f+4i — 2k
246
— 2
_Li#LrE (1)

Ve

Hence, required vector of magnitude 5 units
_5 —i + 2}: —k
V6

__ B 10z 5= )

~ 46 48 4B
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