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 g:ven vector,

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

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

Let azzf—3f+6kA

12]=@7 + (- 32 +(6)2

= J4+9+36
=+/49 = 7 units (1/2)
The unit vector in the direction of the given
vector_a) IS
a1 2. 3: 6+
d=2 —_i-3j+6k=2i-2]+2k
|3| / 4 7 7

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

21a‘21(3?-3}+6k‘)
7 777

—6i —9] +18k (1/2)

2. Find a vector a of magnitude 5+2, making
an angle of%with X-axis, l;with Y-axis and
an acute angle 6 with Z-axis. All India 2014

%

Given, a vector a makes an angle g with

X-axis and g with Y-axis.



So,lzcoszandmzcosﬁ:rI:i,m:
4 V2

We know that, [* + m? +n* =1

2
1 2. 2 t ..z
= |—&=| +0+n"=1= —+n“ =1
(ﬁ) 2

— n2 =1-— _]_ — — ...]_ —_ i
2 *RT"T
1
COs0 = —=
V2
[ 8 is an acute angle with Z-axis]
= 0= el
4

Thus, direction cosines of a line are

1 1
; Dy (1/2)
427 Tofp

——p
- Vector a
- 7 - - A,
=1 a|[cos—f +cos——;+c05—~k]
4 2 4

1 - - A
—5J_( :+(O);+——k)=5f+5k (1/2)
52 2

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

the vectors @ = 2 + Ef — Sk and

b=2+]-7k Delhi 2014C



Givenf§=2f+2f—5!2 and "5=2f+}:-7§
Now, a+b=2i+2j-5k+2i+]—7k

= 4] +3] 12k

and |2 +b|=42+(3?2+(-12)?

=16 +9 +144

=25 +144

= /169 =13 units (1/2)
.. Required unit vector = Unit vector along

the direction of 3 + B

a+b=f$+i}{%£mm

lz " Bj 13 13
4. Find the value of p for which the vectors
3 + Zf +9kandi — 2pf + 3k are parallel.
All India 2014
We have, 3i + 2}: +9kandi — Zp}: + 3k are two

parallel vectors, so their direction ratios will be
proportional.

3.2 9 2 3
1 -2p 3  -2p 1

= —6}:):2=:>p=--2—::',Dz—l (1)
-6 3

5. Write the value of cosine of the angle which the
vectord =i + f + k makes with Y-axis.
Delhi 2014C



; -3 4 A A
Given,a=i+j+k

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

s_a _ i+j+k
3 \/(1)2+(1)2+(1)2
itk 1

BB f f

". Cosine of angle which given vector makes

. 1
with Y-axis is — - (1
3
6. Find the angle between X-axis and the vector
i+]+k All India 2014C

S -
leta=i+]+k

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

oo arie | L | el

HIR V3
N ELL R R LY
TR

So, angle between X-axis and the vector

& s B 1
i+j+kis coso=-—

<3
ol 1 )
— o =CoS |—
&
[+ad= I+ mf+n§ and coso. =1 = =cos ']

(1)
". Write a vector in the direction of the vector

j Zf + 2k that has magnitude 9 units.
Delhi 2014C



% ow  w o

leta=i—2j+2k

Comparing with X=xf+yf+' zk, we get
X=ly=-2,2=2

Magnitude |3 | = \/xz +y? +z°

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

. Unit vector in the direction of given vector

a _i-2j+2k

B B [ o (1/2)
5 3
la |

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

given by
95=9 (" —~2 +2k}=3}" —6] +6k (1/2)

3

8. Write a unit vector in the direction of vector
PQ, where P and Q are the points (1, 3,0) and
(4, 5, 6) respectively. Foreign 2014



(? Flrstly, flnd the vector PQ_ by using the formula
| (xy = %) T+ (Y2 = 3) J+ (22 - 2))k, |

—

PQ

then required unit vector is given by — ;

Q|

The given points are P (1, 3,0) and (_j (4,5, 6).

Here, x,=1y;=3,2;=0
and x,=4,y,=52,=6
_...-)
So, vector PQ
= (X5 = X¢) i + {y, ——y,)f +(z, - z,)fé
=(4—1)f+(5 —3)f+(6—0)12
=37 + 2] +6k (1/2)

.. Magnitude of given vector

—
1PQ | =32 +22 +6
=J9+4+36

49 = 7 units

—t
Hence, the unit vector in the direction of PQ

—_ k
i 30 +2]+6 =2742j42k am
|PQ |

F 7
9. Write the value of the following:
;X(;+E)+;X(E+;)+£X(;+D Foreign 2014



;+b+fx&+h+§x@+b
= f+fx§+fx§+fxf+§x?+§xf
iE i

A

[ i X

h -~

£ Pixk=1jxi=-k
erzhkxf=~ﬁ(n
10. Write a unit vector in the direction of the sum of

+i—-k+ -—1-0
J LI X

1]
71")

vectors a =2?—f+2§and3 =—i +f+3§.
Delhi 2013

lete=a+b=Q} =] + 2k)+(=i +] + 3k)
=i + Of+ 5!2

Now, 1C]= | a+b|=yB+52 =426

e AABOL | Lia 8 N
2+b) 3
1 ol B
s e | e (1/2)
Ji6 426

which is the required unit vector.

11. If3:x5+2f— zk and b =3f~yf+§aretw0
equal vectors, then write the value of

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

= x:+2;-zk 3 — y}:+12
% x=3 y=i-3 z==]
Now, x+y+z=3-2-1=0 (1/2)



12. Pand Q are two points with position vectors
30 —2banda +B, 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+by-1xBa-2b)
21

[by section formula]

 2a+2b=3a+2b

2 1
- et
_—axdn = P )

13. L and M are two points with position vectors

2d —banda + 23, 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

- = — — )
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)-1x(2a-b)
2-1

[by section formula]
2a+4b-2a+b
23+ ; a+b_.p
14. A and B are two points with position vectors
2a —3band6b —_ai respectively. Write the
position vector of a point P which divides the

line segment AB internally in the ratio 1 : 2.
All India 2013

Given, A and B are two points with position

(D

- - - - )
vectors 2 a ~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-2a)+2x(2a-3b)
142

[by section formula]

_6b-a+4a-6b_3a -
= = = a
3 3

(1)

15. Find the sum of the vectors @ =i — 2j +K,

— -~ ~ -~ — ~ -~ ~
b=-2i +4 +5kand c =i —6j -7k
Delhi 2012



— A A S
Given vectors are a =i — 2j + kK,

- % - ~ —3 = A A
b=-2i+4j+5k and c =i -6j + 7k
Sum of the vectors 3, bandC is
IS . T . B JP - P
a+b+c=0(-2j+k)+(2i+4j+5k)
i =6)— 7:k)
=—4j -k (1)

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

(? Scalar components of AB OB OA

—
= Posmon vector of B — Position vector of A

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

N

AB are x, — x; and y, —y;.

= —~5-2=-7and7-1=6 (1)
17. For what values of @, the vectors 2i — 3j + &4k

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



it

<> If a and b are collinear, then a = +7Lb or
IOI llbl |

e e R A i T R 3 A 81 SRR L4 S SR 1§ RS LS R $05 1115

— ~ ~ ~
Let given vectors are a =2i - 3j + 4k and

—

b=ai-6j—8k

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

- —
a=k-b,wherek is a scalar

— 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

? Direction cosmesofthevector ai + b_;+ ckare
a b c

\/az+b2+c2,\jaz+b2+c2, \/02+b2+c2%

Let a =074 Fs 5k
.. Direction cosines of 3 are
=3 1
JE22+ 2 +(=52 (=22 + 1) + (=5)?
and "
JE27 + )2 + (-5)2
-2 1 -5 )

e J30 V30 V30

19. Write the position vector of mid-point of the vector

joining points P(2, 3, &) and {4, 1, — 2).
Foreign 2011



<> Mld pomt of the posmon vectors
* @=a,+a,]+ask and

-

+b
2

(ay+ by) T+ (a, + by) j+(as + by) k

a ]
Given, points are P(2 3, 4) and Q4,1 - 2)
whose position vectors OP 2 31 + 4k and
OQ = 4i +j ~ 2k,

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

B=bi+b,j+bskis a

or

—  — ~ ~ A A & A
— OP+0Q Q2i+3j+4k+(4i +j -2k

OR = —
& 2

Yooy . e N O 1)
20. Write a unit vector in the direction of vector

- 5 A A

a=2+]+2k Delhi 2009; All India 2011
We know that, unit vector in the direction of a
is4=—2

-
| a |

. Required unit vector in the direction of

-_}
vectora=2;+,+2k= 2J+I+2k
J22 + 1) + )2

A s 2.2
=—ji+—j+=k 1
Fv2 (M
21. Find the magnitude of the vector

@ =3 —2j +6k.  Allindia 2011C; Delhi 2008



(;) Magnitude of a vector ¥ =xi + yj + zk

is]?]z\/;«(2 + y* + 2%

—

Given, vector is a = 3i - 2; + 6k

Magnitude of a= | _5| = \/’1(3)2 + (=2)2 +(6)2

= x,@—f—éf- +36 = /49 = 7 units (M
22. Find a unit vector in the direction of vector
— . oy 5
a =2i + 3j + 6k All India 2011C

¥

-

Given vector is a = 2/ + 3f + 6k

Unit vector in the direction of a = -
| ]
_2i+3j+6k _2i+3j+6k
J2)7 + 32 +(6)? J49
2» 3~ 67
g R e R (1)
N L

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.

Now, by triangle law of vector addition, we
have ﬁ + §(f = A_(_3

- _..g._) oo,

— A -E-LB-E ("_A—;C'A+AC

[adding (TA on both sides]

-— —3

= AB+BC + CA = CA - CA [~ AC =- CA]

= AB+8(+C4—U (1)
24. Find a unit vector in the direction of

a =2i - 3j + bk. Delhi 2011C

Given vectoris a =21 — 3; + 6k

Unit vector in the direction of a

_ 25 = 3; +_t§_ﬁ5____ 31 + E:k
J@27 + (=37 + 6)° V49
2+ 3~ 6!

=2 veend __._'_Jr_.,._k '])
7 7’ 7 (

25. Find a vector in the direction of g = 2/ — ; + 2k,
which has magnitude 6 units. Delhi 2010C

Do same as Que. 7. [Ans. 4i - 2}'\ + 41:']

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} - k]



2. Write a vector of magnitude 9 units in the
direction of vector —2i ++ 2. All India 2010

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

28. Write a vector of magnitude 15 units in the
direction of vector i — 2; + 2k, Delhi 2010

Do same as Que. 7. [Ans. 5i — 10; + 10!2]
29. What is the cosine of angle which the vector
J2i +f+!2 makes with Y-axis’4OTs; Delhi 2010

—_— Jrr-----:_\ A ~
Let a=+2i+j+k

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

s_oa _ 2i+jrk _V2i+j+k
2] V2P + 07+ 2
i WL T
2 2
. Cosine of angle which given vector makes
with Y-axisis 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{11!2 + mm, + nyn, }

2 .
Let a=x5i+;'+k

Its direction cosines form




Néf T dy T ay Ny o) or g 1
'
ang e
(a2 | a2 | 22

and let the position along with Y-axis is
b =0i < 1f + 0k

If 0 is the angle between them.
socosO=4/1L +mm, +nn,

=5 0=cos™" —L--O+l—1+-1---0
V2 2 2
1
cos0 = 5
So, cosine of angle which the given vector
makes with Y-axis is ; (1)

30. Find a unit vector in the direction of vector
= 1 » =
b =6i —2j +3k. Al India 2009C

Do same as Que. 24. ‘Ans. 6r - 2; + Ek
7 Z 7d

31. Find a unit vector in the direction of vector

— A A A
a =-2i +j+ 2k | Delhi 2009C

i P~ 5 A
Do same as Que. 24. [Ans.?“i + ;; - ik‘j

32. Write a unit vector in the direction of
a=2 -6j+3k Delhi 2009
| 2 - A 3
Do same as Que. 24. [Ans. —2% i — 97—1 -+ 3 kJ

33. Find the magnitude of the vector
a =2 -6] -3k All India 2008C



== e = A
Given, vectoris a =2j — 6] — 3k

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

34. Find a unit vector in the direction of

- a2 A
a=i+j+2k Delhi 2008C

Do same as Que. 24.

[Ans1f 1?-!-212]
NN N

35. Ifa =i +2j —~kand b = 3i + — 5k, then find

- =
a unit vector in the direction g — b.
All India 2008



4 Marks Questions

e v e A 0 R £ R S e e b A P 1 e 2188 e s e S

=4 ) Flrstly, finda-b by subtractmg the components
| i, jand kof @ and B simultaneously and then

- = ;
a-b
use the formula = ———— to get required umt
.-..’
|a-b] |
vector.

Given, _a)=f+2f-lzand 3f+f—5!2

3—b-(r+2; k) - (31+;—5k)
=—2.'+;+4k

- 2 > A
Let a—b=c=—2:‘+;+4k
-
Now, unit vector in the direction of ¢ is

—

c _ -—2?+f+4§ =—2f+i+412'
e \/(—2)2 + ()% + (4> V21
wild A

~E g

which is the required unit vector.

C =

.

36. Find a vector of magnitude 5 units and
-ﬁ ~ -~ A
para_l!el to the resultantofa =2i + 3j — k
and b =i -2j +k. HOTS ; Delhi 2011



) Fu'stly, f”nd resu1tant of the vectors a and b
which is @ + b Then, find a unit vector in theé

direction of @ + b i.e. the unit vector multiplying
by 5.

Givena=2i+3j-k and b=i-2j+k
- =
Now, resultant of above vectors = a + b

@i +3] -+ -2]+k=3i+] ()
let a+b=c |

_) -

c=3+]
Now, unit vector ¢ in the direction of ?, he.

. (1)

i+ 3? +; 3
Jorem? V10 \/_ «f—

Hence, vector of magnitude 5 units and parallel

1(1)

— -
to resultant of a and b is

(«ffo 1

L ]

)

—

n a 5
+—

R
37. Leta =i+ +k b =4 —2] +3kand

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

-+ = -
2a-b+3c. All India 2010



i f? Firstly, find the vector 2a ~B +3%, then find§

: the vector in the direction of 2a — b + 3%, le
. the unit vector multiplying by 6.

and ?=f—2f+§

2a-b+3c
9§ 4k =187 =2 43430 ~27+.k
i

2 +2f+2!§-—4f+2f—3£+3§—6f+3§

— —3 b ~ A A,

= 2a-b+3c=i-2j+2k (1%2)

Now, a unit vector in the direction of vector
. - :
2§—B+3E)=—2—a_b+3c ;
- = —
|2a-b+3c|

_ }’-2}’+2f2 _?—2f+2§

J0? + (=22 + 202 V9

:i-2)-+—2k:}_;: 2 3!2 %)
3 3 3 3

Hence, vector of magnitude 6 units parallel to

thevect0r2_§~3+3?=6(%f~- +%!:]

=2i-4j+4k (1)

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

o — o
and Q whose position vectors are 2a + b

anda —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
—3 —
or =™mOQ) - n(OP)
' m-—n

I t : | s
0©0d " pom " ROR

and then use the mid-point formula

00 + OR
oP =._Q-;

-

Given, OP = Position vector of P =2 a+b
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

< 2 —
| ——— | ——I
o0 oP OR
13-3B)-202a+b
. R
OR = (a ) (2 a+Db)
1-2
— —
_) —
i opMOQ =MOP) e =t =2
m-=-n




— 5 - —
Hence, OR=3a +5b (1%)

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

OB + 00
T OP:—;—Q

> e

- —
We have, OR=3a+5b, OQ=a-3b

!

— — — — —3 -3
OR+0Q (Ba+5b)+(a-3Db)
2 2
_4a+2b
2
- o
=2(2a+b):2a+b
2
T [-OP =2 a + b, given] (1%)

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