Class 12 Mathematics Chapter 10: Vector Algebra

1. Find the unit vector in the direction of sum of vectors 7=27 — j + jand b =2 j4 i
Solution:
Given vectors are,
A= 2?-}+I}1nd5—2f+ﬂ'
deb = (20— j4+k)+ (2] +k) =2+ +2k

SCI - o
. s +1
Unit vector in the direction of @ + b = L
|fl+l.'1"
~ 23+.3+2§ _2?+}+2E
‘J{j}q- _E_[])-_l_lzrr 1|'4+1+‘l'
_?rl-;i-ZR 20+ ]+ .{_2 l-2£
0] 3 3 '3/%3
Thus, the required unit vector is & -1-l ; E A
3 3 3

2.If a=i +j+2.k and b 2 +_; —"',?c find the unit vector in the direction of
(1)6.& (11) 2a-h

Solution:

Given, d=i+]+2kandb=2i+] -2k
(f) 6h = 6(27 + j— 2k) =127 +6) — 12k

Unll vector in the direction of 6b = 60
e
_ 12i+6j-12k  12i+6j-12k

.J{'IZ}! +(6) +(-12)2 B J144 +36 + 144
12i +6j—12k 121 + 6] —12k
L
P+ 2E}=%(z} + ] —2k)
Thus, the required unit vector is -I-(Z? +} - 2£).

(i) 2i=b = 2(r+;+2h} (Zr-i-; 2.{]

So, 2r+7;+4L 2:—;+2A-;+{5k
Unil vector in the direction of 24 — b
2i - b j + 6k j+6k

i |2ﬁ—ﬁ| ) J(]f +(6)? =\1'1 + 36
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. j + 6k o 1 ox + 6k
% 7
Thus, the required unit vector is J:;_? [f + GF:'].

3. Find a unit vector in the direction of ﬁé - where P and Q have co-ordinates (5, 0, 8) and (3, 3,
2), respectively.
Solution:

Given coordinates are P(5, 0, 8) and Q(3, 3, 2).
So, PQ = (3-5)i +(3-0)j+(2-8)k = =2i +3j -6k
Aund,

Unit vector in the direction of PQ = \ngl
 -2i+3j-6k  —2i+3j-6k -2i+3j-6k
\j(ug)z +(3)2 +(=6) JE+9+306 49

~2i +3] -6k . _x
= ___:f_f__’* = %{-—:—u +3] - 6k)

Thus, the required unit vector is %(—Zf + 3} = 6k).

4.1f a andl > are the position vectors of A and B, respectively, find the position vector of a point
C in BA produced such that BC = 1.5 BA.

Solution:
Given,
BC = 1.5BA
BC . _ 3
= BA = 1.3&5
E—b 3
i-b 2

% —2 = 3d-3b
2% = 35-3h+2b = 26 =3i-b
. 3i-b
l‘t =

2

Thus, the required vector is © =

da—-10
2

-

5. Using vectors, find the value of k& such that the points (k, — 10, 3), (1,1, 3) and (3, 5, 3) are
collinear.
Solution:
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Let the given points be A(k, — 10, 3), B(1, -1, 3) and C(3, 5, 3).
AB = (1=K} +(=1+10)j + (3= 3)k
AB = (1-k)i +9] + 0k

So, |AB|= 1=k +(9)* =(1-K)* +81
BC = (3 1) + (5+1)] +(3-3)k = 2] + 6] + 0k

BC| = (20 +(6)* = JA+36 = /40 =2J10

AC = (3- k)i +(5+10)] + (3= 3)k = (3- k)i +15] + 0k

S0,

So, |AC| = J3- k)2 + (157 =\[3- k) +225
If A, B and C are collinear, then
76] +| 8] = AT
J(1=K)? +81 4 30 = /(3 - k)* +225

Squaring both sides, we have

2 2
[,{(1 - ky* +81 +J4_0] = [1((3~k)3 +225]
(1-k)? +s1+40+2-1ﬁ,/{1-k)= +81 = (3-Kk)* +225
14 k2 - 2k +121 + 2430 yf1 4 k> = 2k + 81 = 9 + k* - 6k+ 225

= 122—2L:+2J4_U,f.¥:‘1‘-2k+82 = 234 — 6k

Now, on divding by 2, we get

61—k + /40 [k 2k +82 = 117 -3k

JAD JiF 2k +82 = 117-61 -3k +k

A0 \[i? = 2k + 82 =56 -2k = 210 \[k* = 2k + 82 =56~ 2%
= /10 Ji? -2k +82 =28k (Dividing by 2)

Squaring both sides, we get
10(k2 - 2k + 82) = 784 + &2 - 56k
10k% - 20k + 820 = 784 + k* - 56k
10k* - k% — 20k + 56k + 820 - 784 = 0

U2 +36k+36=0 = KB+dk+4=0 = (k+2)%=0
k+2=0 = k=-2
Thus, the required valueisk=-2

6. A vector ” is inclined at equal angles to the three axes. If the magnitude of 7 is 243 units, find
P
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Solution:

As the vector 7

So,1=m=n

makes equal angles with the axes, their direction cosines should also be same

And we know that,
P+m?+n’=1=2P+P+12P=1
312=1
=+ 113
s 1. 1-.15¢ g L b
Now, Fr=z—it—jt—e=k = I=t—(i+j+k
5EEIE ol

-

And,wkt F = (D|F|
= J._{:+;+R]|2-J_- 'T'(f+:i+1:')

Thus, the required value of ¥ js £ 2(1 i+ JL].

7. A vector 7 has magnitude 14 and direction ratios 2, 3, — 6. Find the direction cosines and

components of r, given that 7 makes an acute angle with x-axis.

Let a, hand & be three vectors such that ii= 2k, b =3k and

¢ =—6k
If 1, m and » are the direction cosines of vector 7, then
- ﬁ_ 2k i
|F] 14 7
b 3k £ -6k -3k
m= —= N —=——=——
7| 14 7| 14 7

We know that 7+ m* + n* =1
k* 9k 9k*

B tt=1
> 19719%
4k= +9k= + 36k* =1 = 492=196 = k=4
196
k2
k=2 and [= ===
7
_ 3 3x2 3 . -3k-3x2 -6
L TR T e R
Now, 7= t[3;+ E—E":)
7
Fo= F|F|
2



Class 12 Mathematics Chapter 10: Vector Algebra

2 3

Thus, the required direction cosines are e _?6 and the components of F are 4i, 6}: and —12k.

8. Find a vector of magnitude 6, which is perpendicular to both the vectors 2 —j+2k and

4i — j+3k -
UIUULIVIL,

Lot i=2i—j+2kand b =4i - | +3k

' : o . (@%b
We know that unit vector perpendicular to i and b = |4 [-T
¥, axy

Pojok

4 -1 3

(—=3+2)—j(6-8)+k(-2+4) = —i +2] +2k
slaxb] = J-1P +@PF + @) = JT+a+4=49=3
(Axb) =iw2j+2k 1, 2 2 .
So, =T = =—(—i+2j+2k
" |axb| 3 3" J
Now the vector of magnitude ﬁ=]§ (- i+ EF = 2#:) 6

=2(=i+2] ¥2k) = -2 +4) + 4k

Thus, the required vector is =2i + 4] + ak. _

9. Find the angle between the vectors 2 - ,}+ﬂ:. and 3; +4_:r' k.
Solution:

[_.;u'r:ﬁ-fﬂ?andﬂ:.’if-r 4j - k and let 8 be the angle between dand .
How, o b (2i-j+k)Gi+4j-k)
R T Y N e e N s T
6-4-1 1 1

"J6V% | BB 20®

bl =» B-cos"(L]
2./39 136

af 1
Thus, the required value of 0 is cos I [ﬁ]

o 0= cos”

10. If @+b+E=0 show that 4 *0=bxc=cxa Interpret the result geometrically?
Solution:
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Given that @+ b +¢ =0

S0, ﬁx{ﬁﬂ-ﬂ-&f):ﬁxl_]
AXA+AXRD 46X =)
G+axb+axc=0 (it x i =0)
ixXb—EXi=0 (i % & ==E xii)
= ixbh=Exid i)
Now, Ai+hb+E=0

bx(@+b+¢)=bx0

—(axb)+bxé =0
o hxE=fxh (i)
an_1 eq. ( 1) and (ii) we get
axbh=0pxé=cxia.
- Hence proved.

ot
B O |
+
35
-
[
[l
d
-y
I
rl‘.d
+
=
Ty

11. Find the sine of the angle between the vectors ¢~ - .
Solution:

Given that'#= 3+ ] +2Fand b =2] - 2} + 4k
We know that Iﬁxﬁl - |5”5|5iﬁ9

i ok

ixp=l3 1 2
3 il
= [(d+4)=j(12-4) + k(-6 -2)
= 8i —8) - 8k

i x b = \J(8) +(-8) +(-8)*
= J64+64+64 = /192 = [64x3=8,3

a] = J3? + (P + @ = B+ 1+4=VTd
5] = J2F + (27 + (@ = Ja+3+16

=24 =26
o |ﬁx5|= 83
Now, SInB=a|le] ~ V1E-2v6
_ 4B 4B 2
S VB4 2421 A7

Thus, sin 6 = 2/\7
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12. If A, B, C, D are the points with position vectors Pt j—k. 20— +3k. 23k 327 +k.

respectively, find the projection of AB along CD.

Solution:

We have,
Position vector of A = | + f-!:'
Position vector of B = 2i — j + 3k
Position vector of C = 2i — 3k
Position vector of D = 3f - 2_,? +k

AB = PV of B-PVof A
= @ -jrak -G rj-ky=i-2j+4f
CD = PV.of D-PV.ofC
= (3 —2j+ k) - (20 - 3k) = [ - 2] + 4k
Projection of ABon CD = L_CD
<D

(i - 2j +4k)- (i - 2] +4K)
J? +(-2)* + (@)

Nraiie V2l

Thus, the required projection= 21 .

13. Using vectors, find the area of the triangle ABC with vertices A(1, 2, 3), B(2,—1,4) and C4, 5,
-1).

Solution:

Given vertices A(1, 2, 3), B(2,— 1, 4) and C(4, 5, - 1).

AB=(2-1)i +(-1-2)] +(4 - 3)k

H?- = ; - 3} + .E

AC=(4=1)i +(5-2)] +(=1=3)k=3i + 3] - 4k

- -

Now, o ; Pk
Area of AABC = S|ABxAC| =11, 3 |
213 3 -4

. %1?(12 ~3) - j(~4-3)+k(3+9)]

- %|9?+?,?+12E| - %sz +(7)F +(12)°

= %Jm +49+144 = %sz
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V274

Thus, the required area is :

14. Using vectors, prove that the parallelogram on the same base and between the same parallels
are equal in area.
Solution:

Let’s consider ABCD and ABFE be two parallelograms on the same base AB and between same parallel
lines AB and DF.

Let AB=dand AD =10 D _E c F
. Area of parallelogram ABCD = [ﬁ x b
Now, Area of parallelogram ABFE = |.¢TB X Kﬁl 5t
= Iﬁx(m+m]| = |ﬁx(ﬁxl<ﬁ]|
=|(E><i'?]+}({.r'ixﬁ}l=|r?xh‘+t] [o axa=0] A 5: A
= |ff b4 hl
- Hence proved.
Long Answer (L.A.) B 4o _a’
15. Prove that in any triangle ABC, cosA ZT , where a, b, ¢ are the
200
magnitudes of the sides opposite to the vertices A, B, C, respectively.
Solution:

In triangle ABC, the components of ¢ are ¢ cos A and ¢ sin A.
A CD = b=cros A o

In ABDC,
& = CD?+ BD? E
it

]

Hi = (fj—t‘ﬁcus .-1\)3 + (c sin A)? - T \
a- = [F+c¢°cos” A-20c cos A+c°sint A /
at = P+ ;‘.E{CDEE A +sin® A)y=2ccos A
= PrE-2ecosA = WecosA=1P+E-a* Ce D= cosA—3A
Thus, b+ —at

cos A = —2 be

- Hence proved.

16.If 9.0.¢ determine the vertices of a triangle, show that i[E o s Ty ] gives the
9

vector area of the triangle. Hence deduce the condition that the three points - b.¢ are collinear.
Also find the unit vector normal to the plane of the triangle.
Solution:
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As, a, band ¢ are the vertices of AABC
So, AB = b—-aBC=t-b C
And, AC = ¢-1a
1o . =
. Area of AABC = 5 |AB x AC|
Liiay  avioprae . = A 2 i]
=—|(h—-dyx(6—a
S|~ ayx (e -
Lo o s ) }
=Eibxr—!rxn—ﬂxr+axa| 5 gasb=-hag
Cxf=—axc
1 ya e =
=E[hxﬁ+ﬁxb+i‘xﬁ‘ axia=0

If three vectors are collinear, area of AABC =0
5o, =)

bxc+axbh+exa

\ﬁxﬁ+ﬁxi‘+fxﬁ| =0
which is the condition of collinearity of 4, b andc.
Let n be the unit vector normal to the plane of the AABC
So. . ABxAC
N = —lﬁ_xﬁl
Axb+PRT+EXA
|axb+bx¢+Exal

17. Show that area of the parallelogram whose diagonals are given by 4 and

Jtk gpng 13-k

is M . Also
2

find the area of the parallelogram whose diagonals are 2i-
Solution:

Let’s take ABCD to be a parallelogram such that

E = I]_. rﬁ =i‘i =BC D C
S0 by law of triangle, we get
AC =ii=p+ij  ..3) .
q

and BD = p==j+j ..(i)
Adding eq. (i) and (ii) we get, A

=T

i+h=25 = :’j:[%)

Subtracting eq. (i) from eq. (1) we get

- =1
68 =2 = P[T]
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S0,
X =-i-{ﬁ+ﬂ}x{ﬁ—5)= %{Exﬁ—ﬁxﬁa-ﬁxﬁ—ﬁxﬁ}
- - coaxa=0
-l Caxb+bxa) nea
4 bxb=0
=%(ﬁx5+ﬁx5) =%-2(ﬂ>€5) = Iﬂ; ’l

SO I O =
And, the area of the parallelogram ABCD = | p % ij| = E[ﬁ‘ X Ir‘
Now area of parallelogram whose diagonals are 2i -,‘f+|’?
and 7 +3j k=22 -+ Ry x G + 3] - )

i] ok
I & 1

I

1 i a o - - -
EI1{1~3)-;(~2—1]+H6+1}| = %I—ZI +3j+ 7k

%ﬁ_m=+wf+af=%Ju@+49

= %Jf:’-f sq. units
Thus. the required area is % Jo2 $q. units.

18.1f @ f+j+k and h=j—k. find a vector € such that @x¢=h and =3
Solution:

Let &=y +¢y) + .:315
Also given that @ = ;+; +kand b = ; ~k
As, AXC =D
i .
11 1| =ik
g G G| =il -e)-fles =) thiea—e) =k
On comparing the like terms, we get

['1— llz — I:' -(I.J
c=c=1 )
and  ¢y—¢;=-1 (i)

Now ford-¢ =3

(i + ; +.f:-}-{c,f+c3f +-:3!E) =3
L GHGF6=3 i)
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Adding eq. (i) and eq. (fif) we get,

=63 =0 (D)
From (fv) and (v) we get
Gt =3 ()
From (fif) and (vi) we get
el
b ey ==
;=2
We e B
e have, ©=3 .
C3—Cy = 0 = 0oy —E=IJ
2
Cy = 3
Now, €5y S => _'_ft="1
0, = glagamt
' 3 3
# w2l 28
3. 8 3
& j R
Thus, ¢ = 5{5“'2,""2-“}.

Objective Type Questions

Choose the correct answer from the given four options in each of the Exercises from 19 to 33

19. The vector in the direction of the vector ! — 2/ * 2k that has magnitude 9 is

(M.C.Q)

(A) i—27+2k
(C) 3(7—27+2k)
Solution:

The correct option is (C).
Let #=1-2]+2k
Unit vector in the direction of @ = |

i-2j+2k  i-2j+2k

N ¥ 00
B i
(B) -

(D) 9 -2j+2k)

[ —2j+2k

Tl r2R 2 Aitdrd

= Vector of magnitude 9 =

9(i —2; +2k)

3

=3(i —2j +2k)
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20. The position vector of the point which divides the join of points 2 —3b and G+5 in the ratio
3:1is

3a-2b ) 75 -8b 3a ~ 5a
2 4 AN 1

(A)

Solution:

The correct option is (D).

The given vectors are in the ratio 3: 1

So, the position vector of the required point ¢ which divides the join of the given vectors @and b is
X, 0,

H]'l-!-.'”:
1-(2a-3b)+3(i+b) 27 - 30 + 37 +3b
) 3+1 ) 1

5 5.
= == T

4 4

21. The vector having initial and terminal points as (2, 5, 0) and (-3, 7, 4), respectively is

(A) —i+12j+4k (B) 5i+2j-4k
(€) 257 +2 jardk (D) F+j+k
Solution:

The correct option is (C).
Let A and B be two points whose coordinates are given as (2, 5, 0) and (-3, 7, 4)
So, we have

AD = (=3-2)i +(7-5)]+ (4 -0)k

AB = -5 +2] + 4k

b

22. The angle between two vectors a and ° with magnitudes V3 and 4, respectively, and

Eig 22\/5 is

ST
(D) —

A L B
(A) (B) =

e
6 3

| A

(&)

Solution:

The correct option is (B).



Class 12 Mathematics Chapter 10: Vector Algebra

Here, given that il = J3, E|=4 and i-b =23

So. from scalar product, we know that

i-b = |i|b|cos®
23 = 3:4.cos@
243 1
056 = ———=~—
3-4 2

LA cLl



