Algebra of Vectors
1 Mark Questions

1. Find a vector in the direction of vector
2i —3j + 6k which has magnitude 21 units.
Foreign 2014
| ) To find a vector in the direction of glven vector,
* first of all we find unit vector in the direction of

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

Let a:=2f—3j+6§

2 |=2)% + (= 3% + 6)?

=J4+9+36
=49 = 7 units (1/2)
The unit vector in the direction of the given
vecto:u'_a> is
5= % o dabl=2] 2500
I-a>| 7 7 /7 7

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

214 = 2{??-3}+6£)
77077

~6i -9 +18k (1/2)

2. Find a vector @ of magnitude 5+2, making
an angle of%with X-axis, 1—;w."i‘ch Y-axis and

an acute angle 6 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,l=c05£andm=cos£=>fzi,m=0
4 2 2

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

. T T QNN L I &
2 V2 V2
.
Ccos0 = —
=
[- 0 is an acute angle with Z-axis]
= 0=

Thus, direction cosines of a line are

1 1
; Dy (1/2)
J2° ‘w2

_.._>
.. Vector a

- . A T 2 0.7y
:[a|(c05—r+cos—j+cos-k]
4 2 4

1 - S P P
=5«E(—:‘+(O)'+——k]=5f+5k(1/2)
R -

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

the vectors @ = 2/ + 2; — 5k and

b=2+]j-7k Delhi 2014C
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Given,3:2f+2f—5!2 and —5=2f+f-7§
Now, a+b=2i+2]-5k+2i+]— 7k

=4 +3] -12k

and |2 +b| =42 +03)? +(-12)

=16 +9 + 144

- J25+144

= 4169 =13 units (1/2)
. Required unit vector = Unit vector along

the direction of Z + B

ol

= =3 13 13 13
la+Db]|

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.

~3n 3

3 2 H 2 3
s = —— =
1 -2p 1

2 1
= —-bp=2=2p=— = p=—— (1)
p p=—=p 3
5. Write the value of cosine of the angle which the
vectora =i + f + k makes with Y-axis.

Delhi 2014C
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~

; 4 2 p .
Given, a=i+j+k

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

— = ~ A
.~ a i+j+k
a = —
21 DR+ + )
; ; 12 1 - 1 k“
G B EIE _
- Cosine of angle which given vector makes
; 1
with Y-axis is — - (1)
V3
6. Find the angle between X-axis and the vector
i+ +k All India 2014C

5 - TR ;
leta=i+j+k

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

5o @ i+j+k :;,éwfj)f”‘
R R V3
= d=—oitjrook
B B

So, angle between X-axis and the vector

- - 1
i +j+kis coso=-—=

V3
== o = Cos | (%)

F-a=1i + mf+n§ and coso = = o = cos™' ]
| (1)
". Write a vector in the direction of the vector

i —2j + 2k that has magnitude 9 units.
Delhi 2014C
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—_ A A ~

Leta=i—-2j+2k

Comparing with X = xi +yf+ zk, we get
x=ly==-2,z2=2

Magnitude |a | = \/xz +y? + 27

=P+ (=22+22=f1+4+ 4 =3 units
= Unit vector in the direction of given vector
= R " %
P _:—2;+2k 1/2)
- 3
13 |

Hence the vector in the direction of vector
i ~ ;+2k which has magnitude 9 units is

given by

9&:9(jF _2’3+2k)=3}:—6f+6§ (1/2)

8. Write a unit vector in the direction of vector

FJ, where 1_3) and 5 are the points(1, 3,0) and
(4, 5, 6) respectively. Foreign 2014
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..................

(? F:rstiy, flnd the vector PQ by using the formula
: (x; “"1)""()’2 1)J+(Zz‘21)k |

—

PQ

then required unit vector is given by e ;

lPQl

The given points areﬁ (1,3, 0) and (_2) (4,5, 6).

Here, x,=1y,=3,2,=0
and x,=4,y,=52,=6

—

So, vector PQ

-~

= (Xy = X)) T +lyz = yi + (25— Z)k
(41746 -3 +6-0k
—3f +2] +6k 1/2)

.. Magnitude of given vector

—
1PQ | =3 +2% +62

=J9+4+36
= /49 = 7 units

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

PO k 3a B
E 31+2;+6 __}_ +-;i+;k 1/2)
| PQ |

¥4 7
9. Write the value of the following:
fx(f+§)+fx(§+f)+§x(f+f) Foreign 2014
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ixG+R+]xk+)+kx(+))
=;xf+fx£+fx£+}x?+§xf+§xf
=§-f+?—§+fw;=0
h?x}=£fx§—fo§=L;x?=—£

kxi=jkxj=-i (1
10. Write a unit vector in the direction of the sum of

vectors @ =2f—f+2§and_5 =—i +f+3E.
Delhi 2013

lete=a+B= 2] =] + 2k)+(=7 +] + 3k)

=i +0}:+ 512

Now, 1C)= | a+b|=y7+52 =426

=(a+b) .’é:—a— (1/2)
|a+b| | a|

1 = 5 &
s ot el (1/2)
e | 406

which is the required unit vector.

11. If3=x5+2f— zkand b =3i —yj +k are two
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

~

= xi+2,i-zk:3?—y}:+)'2
-2 el R i) e
Now, x+y+z=3-2-1=0 (1/2)
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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+b)-1xBa-2b)
2=

[by section formula]

23 wd Y —
_Za+2b-3a+2b

2 -1
- =
= SR il (1)

13. L and M are two points with position vectors

- = - —
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
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Given, L and M are two points with position

- = - — i
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)-1xQa-b)
2 -1

[by section formula]
2a+4b-2a+b
_2d+ 1—- a+b_.p
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 ratio 1: 2.
All India 2013

Given, A and B are two points with position

(1)

- — - - )
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]

 Gb-A+43-6b_ 37 -
e —_— =a

3 3 (1)

15. Find the sum of the vectorsa =i — ?.f +K,

—p ~ -~ ~ — ~ ~ -~
b=-2i +4j + 5kand c =i —6j — 7k
Delhi 2012
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— A A A
Given vectors are a =i — 2j + k,
—

A A A 2 3 A A
b=-2i+4j+5k and c =i —-6j+ 7k
Sum of the vectors _5;, bandc is
S A B & E A ~ iy
a+b+c=0G-2j+k)+(=2i+4j+5k)

+(i -6j — 7k)
=—4j -k M

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

(;? Scalar components of AB OB OA

—3
= Posmon vector of B — POSI‘tiOI‘I vector of A

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

R
AB are x, — x; and y, — y;.

= ~5-2==7and7-1=6 R )
17. For what values of a, the vectors 2i — 3] + 4k

andai + Sf — 8k are collinear?
HOTS ; Delhi 2011
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R A e 0t M

Q? If a and b are collinear, then a = £ Ab or

S

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

—3

b=ai-6] -8k

Vectors a and b are said to be collinear, if
a=k-b , where k is a scalar

27 —3j + 4k =k(ai + 6] — 8K)

Above equation is satisfied, when a = — 4.

2 a=-4 . (1)
18. Write the direction cosines of vector
=21 + j — Sk, Delhi 2011

a b C

\/az+b2+c?"\/’az+b2+c21 \/az+bz+c2§

Let 4= Df g P Bk
.. Direction cosines of_a} are
g 1
JE22+ M2+ (=52 =22 + 1) +(=5)?
and e
J=2)2 + (12 + (=5)?
i.e. e S S (1)
30 ' v/30 " 430

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

joining points P(2, 3, &) and Q(&, 1, - 2).
Foreign 2011
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<> Mld pomt of the posmon vectors
* @=q,i+a,j+a;k and

-

+b
2

(ay + by) T+ (ay + by) J+(as + by) k
2

Given, pomts are P(2 3 4) and Q41 2)
whose position vectors OP i 4 3,' + 4k and
OQ =4 + j 2k,

Now, position vector of mid-point of vector

joining points P(2, 3, 4 and Q(4,1, — 2) is

—_— — ~ A ~ A A n
OR = OP+0Q _ (2i +3j + 4K) +(4i +j — 2K)
2 2
6i + 4 + 2k
2
20. Write a unit vector in the direction of vector

B=bi+b,]+bskis a

or

— A A -~
L OR = =3i+2j+k (1)

= e . o
a=2+j+2k Delhi 2009; All India 2011
We know that, unit vector in the direction of a
& ~ a
i§ @ = ~——m
—
| a |

. Required unit vector in the direction of

__)
Vectora:2;+’,+2k= 2J+J'+2k
\/( N2 4+

22 A 2P
=—i+—-j+=k (1)
5 B 3 --
21. Find the magnitude of the vector

@ =3 —2] + 6k Allindia 2011C; Delhi 2008
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(} Magnitude of a vector ¥ =xi + yj+ zk

is]?]=\fx2 + y* + 2%,

—

Given, vector is a = 3i — 2}: + 6k

Magnitude of 2= | Z| = \/'r(?,)?- +(=2)% + (6)°

—

= \,@-&4 4 36': \349--: 7 units (1)
22. Find a unit vector in the direction of vector
a =2i +3] +6k

All India 2011C
Given vector is a = 2i + 3] + 6k
—
Unit vector in the direction ofz = -fh
) &
2i +3j +6k _ 2i +3j +6k
V22 +3) +(6)° V49
2> 3~ 67
—Smaly B Ry (1)
777

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

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

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



Let AABC be the given triangle.
&

A* > B
Now, by triangle law of vector addition, we
have AB + B =AC
.-...:.—) ————

| ABLBC 4 CA = CARAC

[adding (TA on both sidesg]

— —3 s

— AB+BC + CA = CA - CA [+ AC =— CA]

5 ABABC 4 Ejlf _ B (1)
24. Find a unit vector in the direction of
a =2i - 3j + 6k Delhi 2011C

Given vector is a = 2§ - 3; + 6k

Unit vector in the direetion of a .
2!-—3j+6k ) 31+6k

JOr T +0F V49

=—-—j ____"+...,|f2 (1)

25. Find a vector in the direction of @ = 2/ — f + 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. 2/ — 3} + K]
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27. Write a vector of magnitude 9 units in the
direction of vector —2i +j + 2k. All India 2010

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

28. Write a vector of magnitude 15 units in the

direction of vector i — 2f + 2§. Delhi 2010

Do same as Que. 7. {Ans. 5i = 10;': + ]Ol;]
29. What is the cosine of angle which the vector
J2i +f+ff makes with Y-axis‘HOTS; Delhi 2010

— Ir*-----: A A
et a=~2i+j+k

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

—

a _}{2_;_+;_+k *«E?ﬁ—f+§

B ® o, W TIWR L Nl VPHE

12| VW20 + 1) -

. Cosine of angle which given vector makes
with Y-axis is 1/2. (1)
Altemate Method

? The direction cosines along Yeaxis are (0 1, O)
* then we use the following cosine formula

0=cos 1{..’1!2 + mm, + mn, }

" B I
Let a =+2i + ] +k
Its direction cosines form

o [ . . . R A
a:x_‘".j+1l+_k-—_1_;.j 1 lk

[ Direction cosine of vector a,i + a,j + a;k
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'\.‘dl T dy T dy ‘\_.fdl ’fdz'f‘dj _|
3
and 7 mmadshe— —
2 2 2

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

If 0 is the angle between them.
wcosO=L1,+mm, +nn,

=5 0= cos™" ?-0+l-1+1-0}
V2 22
Ccos 0 = l
So, cosine of anzgle which the given vector
makes with Y-axis is ; (1

30. Find a unit vector in the direction of vector

b=6i -2/ + 3k ~ All India 2009C
Do same as Que. 24. [’Ans. 6; - 2; + E1f<
NinE AT
31. Find a unit vector in the direction of vector
0=-2+]+2%k Delhi 2009C
) A % ~
Do same as Que. 24. [Ans.—“f' + 1s + 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. _Z_;:_f)_}r+ -j'!;
¥ T 7
33. Find the magnitude of the vector
. T g
a =2i —6j -3k All India 2008C
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—> e A ~
Given, vectoris a =2j - 6j — 3k

Magnitude of a = | a | = J(Z)2 +(—6)* +(=3)°
= J4+36 +9 =49 = 7 units o

34. Find a unit vector in the direction of

=% & & 2
a=i+j+2k. Delhi 2008C

Do same as Que. 24.
| ~ 1+ 2 -
[Ans L i+ j + k]

Vo J6' e

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

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

|
| \) Flrstly, finda-b by subtractmg the components.

E i, jand kof a and b simultaneously and th9n§
| use the formula = _a____b_ to get required umt
|a - b|

vector.

Given, _a)=f+2;-knand 3?+f—5!2

a-b= (r+2; k) - (3t+1—5k)
=-2.'+;+4k

Let 3—B=?=~2i+j+4k
Now, unit vector in the direction of g is
s 2. % L £ .7 r
e C . —2i +j + 4k =—2f+;+4k
& \/(—2)2 FOT 447 V20
L, ) A
k + —k
IR J_ V21

which is the required unit vector.

[0

36. Find a vector of magnitude 5 units and
_ﬁ -~ -~ ~
parallel to the resultant of g =2i + 3] — k
— ~ A A
and b =i -2j +k HOTS ; Delhi 2011
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| <> Flrstly, f”nd resultant of the vectors a and b
; which is @ + b . Then, find a unit vector in the

direction of a + b i.e. the unit vector multiplymgé
by 5.

Givena=2i+3j—-k and b=i-2j+k

- -
Now, resultant of above vectors = a + b

:(2f+3f—ﬁ)+(f—2f+£)=3?+f (1)
le¢ a+b=c |
(_I)=3;:+;':

A - - -_& -
Now, unit vector ¢ in the direction of c, i.e

iy
L
el )
—)
|c |
3i + ] 3+ 3
) j ()

S Jerem? V10 F «f—

Hence, vector of magnitude 5 units and parallel

— -
to resultant of a and b is

1 = 15 » 5 =
— i+ jlor —i+—|
(J10 J10 ) Jio V1o

37. Leta a=i+j+kb=4-2]+3kand

(1)

C=i- Zf + k. Find a vector of magnitude
6 units, which is parallel to the vector

- = o
Za - b +3c. All India 2010
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) Firstly, find the vector 2a — b + 3¢, then fmd
the vector in the direction of 2@ — b + 37, le
hexnfmctoemudp g G !

—

Given, a:f+f+lz;3=4f—2f+3ﬁ

A A

and c=i- 2j + +k

—

2a-b+3c
20+ +R)—(4i —2] +30+3G =2j+k

H

=2 + ;+212-4f+2f—3£+3f~6f+3§
s 03 sobok SE =1 = 2] 42k (1%)
Now, a unit vector in the direction of vector

- = -
~v> - —> 2a-b+3c
2a-b+3c=

e =
|2a—b+3c|

B f—2f+2r'2 _f—2f+2§
J0? +(=22 + 2)2 V9
_i-2j+2 _1: By 2y

— — k (1%2)
3 3 3
Hence, vector of magnitude 6 units parallel to

- - 1~ 2~
thevectorZaf—b+3c=6( f— =] += k)
3 3 3

=2f~4f+412 (1)
38. Find the position vector of a point R,
which divides the line joining two points P
and Q whose position vectors are 2d + b

and c_'f — 33 respectively, externally in the

ratio 1-: 2. Also, show that P is the
mid-point of line segment RQ.

HOTS; Delhi 2010
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1) Here, we use the section formula for external

~* division
OR = m(0Q)—-n(OP)
' m-—n

f t : 1 iy
0©0d " poorm | ROR)

and then use the mid-point formula

o4 ; - 1

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

Let 5}3 be the position vector of point R,
which divides PQ in the ratio 1 : 2 externally

< 2 >
| ——— ] —I
o0 OP OR
12-38)-2232+B)
—_ - =R
OR = (a a+
1-2
— —
_) o
R BOQL=MOP) e grpsed gy =
m-n
(1)
o > - = 2
za—ab#ia—zb=n3a;5b=3e+53
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- -
Hence, OR =3a +5b (1%)

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

i.e. (T’) s Ok ;OQ

=

We have, E)_R)=33+5b, OQ=a-3b

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

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