24. Scalar or Dot Products
Exercise 24.1
1 A. Question
Find g b. when
a=i-2j+kandb=4i—4j+7k
Answer
Forany vectord = x,i+ y,j+ z,kand b= X,i+y,]+ 2,k

E.E) = XIXE + ylyz + ZIZZ

Given Vectors:

Ab=1x4+(-2)x(-4)+1x7
ib=19

1 B. Question

Find 3 . when
a=j+2kandb=2i+k
Answer

For any vector 3 = x,i+ y,j + z,kand b= X1+ v, 7+ 2,k

1 C. Question

Find g b when

a=j—kandb=2i+3j-2k

Answer

For any vector 3 = x,i+ y,j + z,kand b= X1+ y, ]+ 2,k
ab=x%+ vy, + 2,2

a=j—k
b = 2i+3j— 2k

3b=0x2+1x3+(-1) X (-2)



ib=5
2 A. Question

For what value of A are the vector g and E perpendicular to each other? Where :
a=2i+2j+kandh=4i-9j+2k

Answer

For any vector 3 = x,i+ y,j+ z,kand b= X1+ v, + 2,k

If3 and b are 1 to each other then3.b = 0

i=h+2j+k
b = 4i—9j+ 2k
Now

ib=0

AX4+2%x(-9)+1x2=0

Ax4=16
L 16
4
A=4

2 B. Question

For what value of A are the vector a and E perpendicular to each other? Where :
a=ni+2j+kand b=51-9j+2k

Answer

Forany vectord = x,i+ y,j+ z,kand b= X,i+y,]+ 2,k

If3 and b are 1 to each other thend.b = 0

i=h+2j+k

b = 51— 9j+ 2k

Now

ib=0

AX5+4+2x%x(-9)+1x2=0

AX5=16
1_16
5

2 C. Question
For what value of A are the vector 5 and E perpendicular to each other? Where :
a=21+3j+4k and h =31 +2j-2k

Answer



Forany vectord = x,i+ y,j+ z,kand b= X,i+y,]+ 2,k
If3 and b are L to each other then3.b =0
i=2i+3j+4k

b = 3i+2j— Ak

Now

b=0

il

2X34+3%x2+4x%x(-\)=0

“4N=-12

L_12
4

A=3

2 D. Question

For what value of A are the vector a and E perpendicular to each other? Where :
a=ii+3j+2k and b=i—j+3k

Answer

For any vector d = x,i+ y,j + z,kand b= X1+ ¥, + 2,k

Ifa and b are 1 to each other then3.b = 0

3ib=0
AXx14+3x(-1)+2x3=0
A-34+6=0

A=-3

3. Question

If 3 and 1, are two vectors such that ‘£| = 4‘1_3‘ =3 and 3.b = 6. Find the angle between 5 and b

Answer
Given Data:
3] = 4,|b| =3and3ib =6
Calculation:
Using formula3.b = [3] x |b| x cos6
3] x |b| x cose = 3@.b

ib

f=——
cos % 5]



cosf=——

=

cosh =

1
9 - ” (_)
CoS 5

0 T
o _3

Therefore angle between 3 and bis g

4. Question

fa=i—jandb=—j+ 2k find (a —213;).(5 —E).
Answer

Given data:

Consider

(3—2b).(3+b) = (i+]— 4k)(i—2j + 2K)
(3—2b).(3+b) = 1x1+1x(-2)+(—4) x2
(3—2b).(3+b)=1-2-8
(3—2b).(3+Db)=-9

5 A. Question

Find the angle between the vectors ; and }_ where:
a :1—‘] and b :J—k_

Answer

Using formula3.b = [3] x [b| x cos®

Given Data:

= - a
I.a:]—]



= |3] x |b| x cos8 =3.b
ib
cosf = — —
lal x |b|
o (=-Da+ k)
cosB

CVIZ+ 12 x 12+ 12

10+ (-1)x1+0x1
cosh =
\;@X\-@

5 1
cosb = 2

- T
Therefore angle between 3 and b is 3

5 B. Question

Find the angle between the vectors 5 and B where:
a=31-2j—6k and b =4i—j+8k
Answer

Using formula3.b = [3] x |b| x cos6

ib
cosf = — —
3| x [b]
(31— 2j — 6k) (41— j + 8k)
Coso =
JEF (22 (62 x A2+ (—1)2 + 8
3x4+(-2)x(-1)+(-6)x8
cosh =
VI+4+36x+16+1+ 64
6 34
cCosg = —
\."'_9>< \.@
0 34
COs¥ =779
o _1( 34)
= C03 63

B =122.66°



Therefore angle between 3 and b is 122.66°.

5 C. Question

Find the angle between the vectors ; and p_ where:

a=2i—j+2k and b =4i+4j-2k
Answer
Using formula3.b = [3] x |b| x cos6

-

i=21—j+2k

(21 —j +2K)(4i+4j —2k)

cosb =
J22H (D24 (2)2% 42 + 42+ (-2)2
2x4+ (-1 x4+2x%x(-2)
cosb =
Vi+1+4x\J16+16+ 4
5 0
c0sh = ——=
\;@X w%
0 0
cost = ———
8 = cos~(0)
0 b
)

— T
Therefore angle between3 and b is 7

5 D. Question

Find the angle between the vectors 5 and }_ where:

(2i-3j+ky(i+j-2k
V22 (-3)2+ 12 % J12 + 12 + (-2)?2

cosB =




C2x1+(=3)x1+1x(-2)

cosB
VE+9+1xV1+1+4
5 3
cosf = —
\-"ﬁ X \.'(E
0 3
cosf = ——
V84
3
B =cos™! (— —)
\ 84
— g 3
Therefore angle between 3 and b is cos™* (— —)
V84

5 E. Question

Find the angle between the vectors 5z and [,  where:

a=i+2j-kb=i-j+k

Answer

(+2—k(i—-j+k)

cosh =
JIZ+22 4+ (—1)2x 12+ (-1)2 + 12
Ix1+2x(-1)+(-1)x1
cosf =
VIH4+1IxV1+1+1
5 2
Coso = —
V2 x9
[2
v
0=——>
Cos 3

/2
= P - v
Therefore angle between 3 and b iscos ™ (— ?)

6. Question
Find the angles which the vector 5 = 1 _j + .\EL makes with the coordinate axes.
Answer

Calculation:

Angle with x-axis



ib
cosh = — —
3| x [b]
(i—7+v2k)(1)
cosh =
le +(—1)2+ (\ﬁ)? x 12
0 1
cosh =
\!_X \f_
b 1
cosh = 5
1
== _1 —_
0 = cos (2)
0 T
3

- T
Therefore angle between a and x axis 155
Angle with y-axis
i=i—j+v2k

unit vector along y axis is j

cosB =
le +(—1)2+ (\ﬁ)? x 12
cosb= ——
\,@x \f_l
5 1
cosh = 2
o-o (-}
cos >
b — T
5 2T
3

. 2T
Therefore angle between a and y axis 15?



Angle with z-axis
i=i-j+2k

unit vector along z axis is k

cosb =

JlQ +(—1)2+ (V2)2 x V12

V2

cosh = JEx V1
cosb = i

V2
8= cos‘l(F)

b

o=2

T
Therefore angle between 3 and z axis is 7

7 A. Question

Dot product of a vector with 1 1 J — 31\ 1 1 3:i_ 21:; and ji 1 J n 4L are 0, 5 and 8 respectively. Find the
vector.

Answer

Given Data:

Vectors:

Their Dot products are 0, 5 and 8.
Calculation:

Let the required vector be,

~

Hzxi+yf+ zk
Now,

ih=0
(1+7-3k)(xi+yj+2zk) =0
X+y-3z=0...Eq. 1

Similarly



=bh=5
(i+3j—2k)(xi+yj+2zk) =5
X+ 3y-2z=5..Eq. 2
=th=8
(2i+7+4k)(xi+yj+zk) = 8
2X+y+4z=8..Eq.3
Subtract Eq. 1 from Eq. 2
(x+3y-22)-(x+y-32)=5-0
=22y +z=5...Eq. 4

Subtract Eq. 3 from (2 x Eq. 2)
2(x +3y-22)-2x+y+4z=(2%x5)-8
5y-8z=2..Eq.5

Adding Eq. 5 with (8 x Eq. 4)
8(2y +2z)+(5y-82) =8 x5+ 2
=21y =42

>y =2

From Eq. 5,

5x2-8z=2

=2z=1

From Eq. 1

X +y-3z=0

=>x+2-3x1=0

=2>x=1

-~ required vector is h=1+ 2j+k
7 B. Question

Dot product of a vector with vectors 1 _J_L ji _j _31:; and 1 _j_]_:; are respectively 4, 0 and 2. Find the
vector.

Answer

Vectors:

i—j+k

wml
Il

=}
[

2i+7—3k

t=i+j+k

Their Dot products are 4, 0 and 2.
Calculation:

Let the required vector be,

H=x“+yj‘+ zk



Now,

ih=0

(i—7+Kk)(xi+yj+zk) =4
X-y+z=4..Eq.1

Similarly

=bh=0

(21 +§—3k)(xi+yj+zk) =5
2X+y-3z2=0...Eq. 2
»th=2
(i+7+Ek)(xi+yj+zk) =2
X+y+z=2..Eq.3

Subtract Eq. 1 from Eq. 3
xX+y+2z2)-(x-y+2z2)=2-4
=2y =-2

y=-1

Now putting the value of y in equation(2) and equation (3) we get,
2x-3z=1..(Eq(4))
X+z=3.... (Eq(5))

Eq(4) - 2 x Eq (5)

-5z=-5

z=1

Now putting value of z in equation (1) we get,
X-y+z=4

XxX+1+1=4

X =2

So the vector is,

-~ required vector is h=2i— j+k
8 A. Question

If 3 and b are unit vectors inclined at an angle 6, then prove that

6
cosz =

sy

|a+b]

ra| =

Answer
Given Data: Two unit vectors inclined at an angle 6

Proof:

Since vectors are unit vectors



=(3)%+ (B)2 +24b
= [a]? +|B]” + 2 x [a]  |B| x cos®
=1+1+2x1x1xcosO®

=2 + 2cosb

= 2(1 + cosB)

]
Using the identity, (1 + cosB) = ECOSZE

e
=2 %X 2cos’=
cas 2

6
=4 2_
cos”5

" )
= |a+ bl2 = 4c052§

- b
=|a+b|= ’41:0525

|4+ B| = 2cos0
= |a+ = COSE

8 1 "

i —=—-|d+b

= (i) oSy =3 |a + b
8 B. Question

If 3 and b are unit vectors inclined at an angle 6, then prove that

0 [a-bl
s = |a+b|
Answer

=(2)?+ ()’ —2ab

— [a]? +|B|* = 2 x [a] x |B| x cos®
=1+1-2x1x1xcos6

=2 -2cosb

= 2(1 - cosO)

3]
Using the identity, (1 — cosf) = 2 sinzi
=2 x 2si 28
= sin® 2

8
=4sin’ -
2



A_“z_ .29
=>|a b| = 4sin 2

= 2=l = [ssme
d = 51112

|- B| = 2sino
= |4 — = SIHE

L
sinc =

~|a— ]
L

Dividing above by result (i) we will get,

sin% %lﬁ— b|
cosg %|§+E|
) |a—b]
(ii) tani = |§ " El
Proved

9. Question
If the sum of two unit vectors is a unit vector prove that the magnitude of their difference is \E
Answer

The sum of two unit vectors is a unit vector

Calculation:

Since |a| = |b| = 1

Also,

la+b|=1

Now squaring both sides we get

S la+ B =12

(=]

a2+ [6]°+2ab=1

12+124+23b=1

= [a=b"=(a-b)

—(@)?%+ (b)" —24ab

= la]>+|b]" = 24D

Using the above value,
1

_ 12 2 _ _

=1°+1°-2( 2)

=3



> [a—b|=v3
Hence, the magnitude of their difference is v3.

10. Question

—_

a+b=+c

&

If 5 E E are three mutually perpendicular unit vectors, then prove that

Answer
Given Data:

Three mutually perpendicular unit vectors
ab=be=2a=0
Since || = |E| =l|g|=1
Calculation:
e 2 a2
la+b+¢ =(@+b+¢)
oy 2 ~ -~
=(@?2+ (b)" +(&*+2ab+2b.c+2¢a
2
= lal>+|b| + [g?+0+0+0

=1+1+1

11. Question
If ‘EI —E‘ = 60.|§ —5| — 40 and ‘ﬁ‘ = 46, find ‘§|
Answer

Given Data:

—

|Z+ b| =60

|3 b| =40

6| = 46

Calculation:

= |3+ B’|2 = 602

@2+ (6) +23.b = 3600

312+ [b|>+23.b = 3600 --Eq. 1
Now,

= [a-b| =407

(- b) = 1600



—s 2 s
@2+ (b) —23.b=1600
[3]> + |l_J|’|2 —23b=1600--Eqa.2
Adding Eqg. 1 and Eq. 2
—, 2 s .
2(J3>+ |b| ) +23.b—23.b = 3600+ 1600

20312+ [B]") = 5200

. 5200

(32 + 462) = —
2

(J3]2+ 2116) = 2600

|32 = 2600 — 2116

3|2 = 484
3| = V484
13| = 22

12. Question

Show that the vector 1 _:]' _1;; is equally inclined with the coordinate axes
Answer

Calculation:

Angle with x-axis

i=i+j+k

unit vector along x axis is i

—

So,b=1

— —
= [3] x |b| x cosa = 3.b

ib

Costt = — —

lal |b|

(+i+k)(D)

cosa =

VIZH 12+ 12 %412
cCost =

\@X \.'(_1

1
cCostl = —=

V3
Angle with y-axis
i=i+j+k

unit vector along y axis is j

— -~

So,b=k

= |3] x |b| x cosB =3.b



; ib
cosp = —
lal x |b|
i+ +k)()
cosp =
VIZ+12+12 x12
cosp=———
B \;'EX \J'T
g 1
cosf=—
V3

Angle with z-axis
i=i+jt+k

unit vector along z axisis k

b
AT
cosy = I+j+k)()
V1Z+12+ 12 x4/12
1
cosy = m
1
cosy = E

Hencea =B =v.

13. Question

Show that the vectors 3 = é(:l +3j+ .51\) b= 1(31 —6j+2k )E

perpendicular unit vectors.
Answer

Given Data:
. 1 . -
a =§(21+3] + 6k)

b

1 N
= (31— 6] + 2k)
7

=+ 1 - - T
c=5(61+2]—3k)

- 1 N
ib= {2T+3j+6k).§(3’1‘—6j+ 2k)

~l| =

ol
Il

1
a. E(2x3+3><(—6)+6><2)

-1
ib=—(6+ —18+ 12
ab=75( )

~

-
/

: (61 + Zj —31:;') are mutually



ib=0

Similarly,

[=ni

1 ~ 1 -
== (31 6 + 2K) = (61 + 2~ 3K)

- 1
hE=Z§Bx6+-&ﬁ)x2+2x(—m)
Bz (18 —12—6)

T

b.é=0

L. 1.1
c.a= 5[:61+2] - 31{).?(21+ 37+ 6k)

Al
Il

1
.a E(GXZH_ 2% 3+ (=3)x6)

.
a

T

1
—(12+6—18
49( )

wl
Il

ca=0o0
~3b+b.E+Ci=0
Hence these vectors are mutually perpendicular.

14. Question

For any two vectors ; and }_ show that : (5 —B)(g —E) =0 ‘5| = ‘E‘
Answer

Let (3+b)(E—b) =0

J3*~ [b]> =0

3] = [b]?

= [3] = [b|

Let = [3] = |b|

Squaring both sides

3> = [bI?

= [&*— [b]* = 0

- @~ () =0

(3+b)E-Db)=0

Hence, (3+Db)(3—b) = 0 = |3 = |b|

15. Question

If 5 = gi' _J_LE = 1 _j_ 21:; and E = 1 1 3j _L find A such that 5 is perpendicular to ;B _E.
Answer

Given Data:



d=A1+j-2k)+ (1+3j—K
d=Q+Di++3)j—(r+ Dk

For this vector to be L

id=0

(2i-7+ &) (A+ Di+ A+3)j - 2+ DE) =0
20+ 1) — 1(A+3) —1.(2A+ 1) =0

20+ 1) — 1(A+3) —1.(2A+ 1) =0
—A—2=0

Ad=—2

16. Question

If p= 5]+ ,J _ 3k and q= i+ 3j _ 5k. then find the value of 7. so that p+q and p—q are perpendicular
vectors.

Answer

Given Data:

51+ Aj — 3k

ol
[

i+3j— 5k

=1
[

+q = (51 +Aj—3k) + (i+3j—5k)

=l

b+ =(6i+(+3)j—8k)

p—q = (51 +2j—3k) — (i+3j—5k)
p—q =(41+(—3)j+2k)

For this vector to be L

F+dD.F-9=0

(61+ (A+3)j—8k).(4i+ (A—3)j+2k) =0
6x4 + (A+3)(A-3) -16=0

24+ A2 -9-16=0

NM=1

A==+1

17. Question

If ¢ = 31‘ + J,J + ﬁk and ﬁ = ji _j_41;_ then express ﬁ in the form ofﬁ zﬁ—l _[3—2_ where ﬁ—l is parallel to



o and [3—2 is perpendicular to ¢ .
Answer
Given Data:

o = 31 +4j + 5k

B=2i+j—4k

Also,

=B, =p—-B
B, = (2i+]— 4k) — A(31 + 4]+ 5k)

B, = (2—301+ (1 —40)j— (4 + 50k

(2— 301+ (1—40)j— (4+50k).(31+ 4+ 5k) = 0
3(2-3A) + 4(1-4)\) - 5(4+5A) = 0

-50A =10
A 1
“h=—¢

=B, = —%(3T+4j‘+5ﬁ)

Using the above value,

- B, =F—B:

B, = (2—301+ (1 —40)j— (4 + 50k
B, =(2—3)i+(1—40)j— (4+ 50k

—

1 .
» =2 (131+9)— 15k

B = Bl + [32
18. Question

If either 4 — g or b=0. then a.b = 0. But, the converse need not be true. Justify your answer with an
example.

Answer

i=(2i-j+k



3ab=0

lal = 22+ (-1)2+12
Ja| = V6

Eﬂ =0

Similarly,

b= J(-1)2+ 12 + 32

|

[b] = V11
ﬁ|¢0

19. Question
Show that the vectors 5 = 3i — 2:]' + L B = 1 - 3} + ‘RLE = ji + J — 4L form a right angled triangle.

Answer

Given Vectors:

=]

wl
Il

31— 2§ +

=
Il
—

—3j+5k

5
C

2i+7— 4k
First show that the vectors form a triangle, so we use the addition of vector
b+2 = (i—3j+5k) + (21 +—4k)

~b+¢ =31-2{+K

Hence these vectors form a triangle
Now we will use Pythagoras theorem to prove this is a right angle triangle.

lal= 32+ (—2)2 + 12

lal = V14
b = J1Z+ (—3)% + 52
I_a)|=\-%

J22+ 12 + (—4)2

C

1

=421

12+ 22

C

14+ 21

L
ol

= |d|*+[¢]* =35

S ER+ R =]



Therefore these vectors form a right angled triangle.

20. Question

Ifq=2is 2}_ k. b=—gr ::]' Lk and ¢ = 3] _j are such that 3 + . b is perpendicular to ¢ then find the
value of A.

Answer

Given Data:

i=2i+2j+3k

b=-i+2j+k
t=31+]
d=3+Ab

d=(21+2]+30)+ A(—i+2]+kK)
d=(-2+2)i+ (A +2)j+ A+ 3k

For this vector to be L

tdd=0

@Bi+7) ((-2 +2)i+ (2 + 2j+ A +3)k) =0
3(-A+2)+1(2A+2)=0

A+8=0

A=38

The value of A is 8.

21. Question

Find the angles of a triangle whose vertices are A(O, -1, -2), B(3, 1, 4) and C(5, 7, 1).
Answer

Given Data:

A=-1j—2k

3i+7+4k

=11
Il

—5i+7+k

ol

=31+ 2+ 6k
BC=C-B

= 2i+ 6§ — 3k
AC=C-A



= 5i+ 8j + 3k

Now the angle A

AB.AC
cosA = —_— =
|aB| x [ac]
(31 + 2j + 6k) (51 + 8j + 3k)
cosA =
V32 +22 + 62 x /52 + 82 + 32
A 15+ 16 + 18
cosA= —F—F—
\-@ X \.'%
A 49
COSA =
492
A 1
cosaA=—F—=
V2
1
A=cos™? (—)
A
A T
4

Now the angle B

BC.BA
cosB = I ———
|BC| x |BA]
(21 + 6] — 3k)(—3i— 2j — 6k)
cosB =
V22 + 62+ (=3)2x,/(=3)2+ (—2)2+ (—6)°
5 —6—12+18
CO0Sh = —————
\.@ * \.@
. 0
COsSbh = 29
cosB=10
B = cos~1(0)
B T
-2

Now the sum of angles of a triangle is t

~“A+B+C=nmn

Tii4c
LI
42

- 3T
~C=T1 2

nc=2=1
4
22. Question

Find the magnitude of two vectors g and E having the same magnitude and such that the angle between

them is 60° and their scalar product is 1/2.

Answer



Given Data:

Jal=1b
Lo 1
a.bzi

TT
®=3

|3| x [b| x cose = 3.b

il il x cos (3) =3

2
1

APxs =<
El 2

1x2
=12
al* =——
El 2
la]* =1
lal =Jb]=1

Magnitude of vectors is unity.

23. Question

Show that the points whose position vectors are 5 = 41 — 3:i _LE = 21‘ = 4J + ‘RL E = 1 _:]' form a right
triangle.

Answer

Given Data:

=(21—4j+5k) — (4i—-3j+k)
=-2i—j+4k

_%-B

al

= (i—1) — (21 —4j +5k)
=—i+3j-5k

CA=A-C

=(4i-37+k)- (-7

=3i—2j+k

AB.CA = (—21— 7j+ 4k). (31— 2) + k)
= -2x3+(-1)x(-2)+1x4

=-6+2+4

AB.CA=0



AB L CA
Angle A right angle, ABC is right angle triangle.
24. Question

If the vertices A, B, C of AABC have position vectors (1, 2, 3),(-1, 0,0),(0, 1, 2) respectively, what is the
magnitude of £ ABC?

Answer

Given Data:

=]
Il
—:

+2j+3k

B=—1+0j+ 0k

il

—0i+j+2k

|

- =

AB= B-A
= (—i+0j+0k) — (i+2j +3k)
=—2i—2j -3k

— —

C=C-B

[ws]

(0i+7 + 2k) — (-1 + 0j + 0k)

—7

)
e

=1

_l_

—+

&l
ol

:(0

-i

—

+i+2k) — (1 + 2]+ 3k)

Now the angle B

BC.BA
cosB = —_— —
|BC| x |BA]
(i+]+ 2k)(+2i+ 2j + 3k)
cosB =
J12+ 12+ (2)2x 22 +22 + 32
B 2+2+6
COSb= —+——"+—
\."'E * \.'{ﬁ
g 10
COSb =
V102
5 _1( 10 )
= COSs
V102

25. Question
If A, B, C have position vectors (0, 1, 1), (3, 1, 5), (0, 3, 3) respectively, show that is right angled at C.
Answer

Given Data:

I
=)

A=0i+j+k

[==1)

=31+ 1j+ 5k



il

=0i+3j+3k

=E-A

&l

=(3i+1j+5k) — (0i+j+k)

=]

3i+4

-B

3l
ol

= (0i +3j + 3k) — (3i+ 1j + 5Kk)

=—3i+2j— 2k

Now the angle C

BC.AC
cosC = e —
|BC| x |AC|
(—3i+2j — 2k) (2] + 2k)
cosC =
J(=3)2 422+ (—2)2x V22 + 22
c 0+4—4
cCosL =
\,@ x \,"ﬁ
cosC =
c T
2

So angle C is a right angle triangle.

26. Question
Find the projection of [ « ¢ on 3 where 3 = 2i _jj ~kb=i+ j:i _2k and ¢ =21 _:]' + 4k
Answer

we know thatz j = |§’||Tﬂcosx where x is the angle between two vectors, so% gives the projection of
a

vector b on a

Now applying the formula for projection of j; + g on 3

=l

+C=i+2j—2k+2i—j+ 4k

=l

+8=3i+j+2k

—= a7 1 a7 1 17
lal =+v22+22+12=3

i(b+2)=(2i-2+K.(3i+j+2K

]

i=1jj=Lkk=1

—

a(b+e)=6-2+2=6

Substituting these values in above formula, we get



[a*.(5’+z)]_6_2
R 3

27. Question

If 2 =51 _:]' 3k andph=ij= 3:]' — 5k. then show that the vectors ; ., and 5 _{, are orthogonal.
Answer

meaning of orthogonal is that two vectors are perpendicular to each other, so their dot product is zero.
3+b=(51—]—3k)+(i+3j—5Kk)

3+b=6i+2j—8k

Similarly,

3i-b=(5i—j—3k)—(i+3j—5k)

=l

i-b=41—-4j+2k

So, to satisfy the orthogonal condition3h = @

—

fi=1;jj=1Lkk=1
(61+ 2] —8Kk).(4i—4j+2k) = (24-8-16) =0
Hence proved

28. Question

A unit vector 5 makes angles } and % with 1 and _] respectively and an acute angle 6 with 1\ Find the
angle 8 and components of g )

Answer

Assume, 3 = xi +yj + zk

Using formula: 3.1 = |3]]b| cosx

3] =1

since it is a unit vector

First taking dot product with i

a.1 = |3|li]cosx

Taking dot product with j

a.j = [3lljl cosx
218
y = cos (g)

}’=§



1. 1 =
Now we havea’aSTEH—E + zk
N

i}

Since the magnitude of 3 is 1

1 1,2
—=|*+(5) +z* =1
(5)+G) +

,_, 11
z?=1—=-——-
2 1

1

2 _

2Ty
1 1
Z=-o0rz=—=
2 2

1

Considering, z =

L1
a=—i+

i k
V2

SR

i+

B3| =

Therefore, angle with  is

ik = |3l|k| cosx

1

§=COSX
s

X=§

29. Question

If two vectors 4 and 1, are such that ‘£| =2, 1_J| =1 and g b = 1. then find the value of (35 - ‘?1_))(25 + ?b).

Answer

Expanding the given equation {3 3 5E) (254_ 7E) we get,
632+ 21(3.b) — 10(3.b) — 35|b)?

6(2)2 + 11(1) - 35(1)?

24 +11-35=0

Hence, (33 —-5b).(23+ 7b) = 0.

30. Question

If g is a unit vector, then find |;:| in each of the following

(i) (:E—é).(?: +a)=8

(i) (x—a).(x+a)=12
Answer

(i) Expanding the given equation
x| - [&]*=8

|a] = 1 as given



(ii) expanding the given equation
%> - [&]> = 12

|d] = 1 as given

[£]2= 13

%] = V13 or [X| = —V/13

31. Question

—

Find |a| and [b|. if

0 (7+5).(3=B) =12 and [i| =2

(i) (a+D).(a~b)=8 and ‘E—i| =8‘E|

i (3+5).(3-B)=3 and [a| =2

Answer

(i) expanding the given equation
37 - [bI? = 12

Substituting |3] = 2|b|

4|b|2 - [b|% = 12

3|b|2 = 12

|E| =2or —2

|3 =4o0r —4

(ii) expanding the given equation
|32~ [b]* =8

Substituting, [3] = 8|b|

64|b|2— |b|2=8

63|b|2 = 8
B =2
63

. 2\-@ 2\-@
[b|==F%or——

3\-’7 3\-!7
il 16v2 1642
a| = ar —

3\5 3\."7

(iii) expanding the given equation

|2~ [b]? =3




Substituting, |3 = 2[b]|

4[bl” - [bl* = 3
3|b|2 =3
|E| =lor—-1

|2 =20r —2
32. Question
Fde—ELw

uﬂﬂzl

b‘:‘i and 3 bh=8

“”M:i

6\:4andg,5:1

(quzJﬁﬁﬂ::am5 5:4
Answer

(i) using formula,

E—ﬂ:JﬁP+ﬁP—ﬂam

Substituting the given values in above equation we get,
i-b|= /22 + 52— 2(8)

|a—b|=v13

(ii) using formula,

ﬁ—ﬂ:JﬁF+ﬁF—ﬂam

Substituting the given values in above equation we get,

5B = VT & 200

|a-b|=v23

(iii) using formula,

ﬁ—ﬂ:JﬁP+EP—ﬂam

Substituting the given values in above equation we get,

|§—EL=JJ§?+22—2@)
i-B|=v=1

Now this will yield imaginary value.
We know that, /=1 = i (iota)

Therefore, |§_ E| =i



33. Question

Find the angle between two vectors ; and {_ if
(i) H =3, ‘E‘ =2and 3.5 =-/6

(ii) ‘5‘ =3,

E\:sandg,gzl

Answer

(i) we know that 3 b = |3|[b|cosx Where x is the angle between two vectors

ib
COSX = ——=
|3l |b]
(Ve)
COSX =
2\."'5
1
COSX = —
V2
X = 45°

(ii) we know that,
3.b = |3]b|cosx

Where, x is the angle between two vectors.

[=ni

-
d.
COSX = —=

lalb|

[l
x3

=g

COSX =

O = W

COSX =

1
= -1 —_—
X = COS (9)
34. Question

Express the vector 3 = 5 1 — jj‘ + ﬁk as the sum of two vectors such that one is parallel to the vector

b= 3,{ _1:; and other is perpendicular to 1.

Answer

let 3 =1 + ¥ where u is vector parallel to b and v is vector perpendicular to b, as given in the question.
51 —2j+ 5k =1+ ¥

So, { = pE’; where p is some constant

Ui = 3pi + pk

Substituting this value in above equation

v=(5-3p)i—2j+ (5—-pk

Now according to conditions since vector v and b are perpendicular to each other .} = g



fi=1;3j=1kk=1

(5-3p)(3) +(5-p) =0

15-9p+5-p=0

20 = 10p

P=2

So, 1 = 61 + 2k

substituting this value in above equation, we will get %
v = (51— 2j + 5k) — (61 + 2k)

=-1-2j+3k

<

35. Question

If g and E are two vectors of the same magnitude inclined at an angle of 3(° such that 56 =13 find EHE|

Answer
The angle between these vectors is 30°

So, applying the formula,

So, the magnitude of |3| = |E| = %

36. Question

Express 2{ - J + 31:; as the sum of a vector parallel and a vector perpendicular to 217 + 4J — jk
Answer

Letd=2i—j+3kandb = 2i+ 4j— 2k

let 3 =1 + ¥ where u is vector parallel to b and v is vector perpendicular to b.
2 —j+3k=1+¥

So, {j = pE’; where p is some constant

i =p(2i+4j—2k)

Substituting this value in above equation

V= (2-2p)i+(—1—4p)j+(3+2p)k

Now according to conditions since vector v and b are perpendicular to each other 3.} = g

—3
5

fi=1;5j=1Lkk=1
2(2-2p) - 4(1 + 4p) -

p)-2(3+2p)=0

4-4p-4-16p-6-4p=0



-24p=6

i L 15— 2k
i=—(=1 - =
Gi+1-35k)
Substituting this value of u vector in above equation

- 1 1.
2i—j+3k= (——“—1"+—k)+"
1—] 21 ] 5 v

37. Question

Decompose the vector ﬁi _3:i — 5}} into vectors which are parallel and perpendicular to the vector 1 + J _L
Answer

let3—6i—3j—6kandb =i+j+k

let 3 =1 + ¥ where u is vector parallel to b and v is vector perpendicular to b

6i—3j—6k=T+7¥

So, i = pB; where p is some constant

Substituting this value in above equation
V=(6-pi+(-3-pj+(-6-pk

Now according to conditions since vector v and b are perpendicular to each other# p = g

=
—

=1jj=Lkk=1
6-p-3-p-6-p=0
P=-1
So,i=—(i+]+k)

Substituting this value of {j in above equation

6i—3j —6k=—(i+j+k) +¥

38. Question

Let 3 =51 _j + 7k and p = I_J + 3. Find such that 4+ b is orthogonal to 4 _ 1.

Answer

Meaning of orthogonal is that two vectors are perpendicular to each other, so their dot product is zero.

3+b=(5i—j+7k)+(i—j+pk)



A+b=61—-2]+(7+p)k

Similarly

i—b=(51—j+7k) - (i—j+pk)
i-b=4i+(7- Pk

So, to satisfy the orthogonal condition3 j = @

=1jj=Lkk=1

—

I

[6i— 2]+ (7 +B)K].[4i+ (7—B)k] = 24 +49-p2 =0

B=+73
39. Question

If a.a =0 and a.b =0, what can you conclude about the vector {, ?

Answer

itis giventhat33=0and3p =0

From this, we can say that [3]|2 = 0

So 3 is a zero vector

And from the second part 3 | = g we can say that j can be any vector perpendicular to zero vector 3.
40. Question

If ¢ is perpendicular to both ; and }y_ then prove that it is perpendicular to both ; ., and 3 —b.

Answer

It is given that g is perpendicular to both 3 and i
So,éa=0andzph=0
For ¢ to be perpendicular to (a’ + ﬁ) Z (g{ +E) =0

e(3+b

p—

+2b=0

wl

c.
For the second part.

For ¢ to be perpendicular to (a’ — B) c. (51’ — E) =0
¢ (3-b)

—tbh=0

wl

-
C.
Hence, proved

41. Question

d

a- b-

If H =a and ‘1_)| =D, prove that [

| S
e
Il
p——,

=1
ja]
= |
=g
S
[

Answer



we know that |3 — | = J|§|z +|bj2-2(EDb)

Now expanding LHS of given equation we get,

-

22 b2 23D
% T pE
a b+ aZb2

(1 1 23b |

az+ b2  a2b2

Taking LCM we get,

aZh?

[b? +a% - za’E’l

Using |3 — E’| - J|g|z + |E’|2 - 2(5{_5’) re-writing the above equation

&=}
ab

Hence, proved.

42. Question

If a. b, ¢ are three non-coplanar vectors such that d 3 =d.b =d.c = 0. then show that J is the null vector
Answer

Given that 3 'and ¢ are non-coplanarand3 d=obd=0andzd=0

From above given conditions we can say that either

(Yd=ogor

(ii) g is perpendicular to 3 and ¢

Since 3 and ¢ are non-coplanar, g cannot be simultaneously perpendicular to all three, as only three axes
exist thatis x, vy, z

So d must be a null vector which is equal to 0
43. Question

If a vector 5 is perpendicular to two non-collinear vectors E and E then 5 is perpendicular to every vector

in the plane of 1, and .

Answer

Given 3 is perpendiculartopand ¢ ,s0 £.3=0and3p = 0

Let a random vector ¢ = pE’+ kg in the plane of ; and ¢ where p and k are some arbitrary constant

Taking dot product of ¥ with 3



ra=20
Hence, proved.........
44. Question

o - and < g o[ =Pl -
If 4+ b+ ¢c=(, show thatthe angle between the vectorst, and . isgivenby ¢! 1 1 T 1
2[o] |

Now squaring both sides, using,

|3+D| = Jla’lz + b2+ 2(3.b) we get,

|32 = |bj2 + [2]? + 2|b]|2| cosx

|

2 IEIZ]

[13)% - |b[* -
18]

= CO0sX

ol o

z _
2
Hence, proved.

45. Question

Let 11, v and 3y be vector such y + v «w =0, If ‘i‘ = SM =4 and ‘; =5. thenfind y v+ v.w < w.u.
Answer

Giveni+vV+w=0

Now squaring both sides using:

(U+V+W)2 = Ul + [V]? + W] + 2U.V + 2W.V + 2W. 1

0=32+4"+52+ 20V +2W.V+2W. U

w.lu =—50

[®]

V+

=l

Uv+2

%]

VEWV+W.

+W.i=-25

=l
=l

46. Question

Let 5 = le + j:i — QLE = 1 — J _1:; and E = Xzi + RJ — 4L be three vectors. Find the values of x for which the

angle between 5 and , is acute and the angle between 5 and t, is obtuse

Answer

We know that,
3.b = |3/]b|cosx
Where, x is the angle between two vectors

Applying for 3 and b

(x?1+2j—2k).(i—-7+k) =yx*+4+ 41+ 1+ Lcosx



[x2—2-2]

= COSX
VXtE+4+4V1+1+1
x*—4
= COSX
\.X‘1‘+3\.'(§

Since angle between 3 apnd b is acute cos x should be greater than 0

x?—4

/x*+ 8

>0
v V3

x2-4>0

X >2andx< -2
applying for b and ¢

- -~ 3 - - 3 3, ac 1 17
(x?1+5]—4k).(i—-7+k) =yx*+25+ 16 V1 + 1 + 1 cosx

[x*—9]
Vx*+25+16y1I+1+1

= C0SX

Since angle between ¢ apd b is obtuse cos x should be less than
0

[x*—9]
———— <0
\.X‘l'-l-‘drl\-@
x2-9<0
x>-3andx <3

47. Question

Find the values of x and y if the vectors g = 3 1 + X:i— L and p = 21‘ + J + \_,.-1."; are mutually perpendicular
vectors of equal magnitude.

Answer

given 3 is perpendicularto; S0 .3 = 0

=
a

3i+x—k

=i

Il
]

e

20+ 7+
Applying, b3 =0
6+x-y=0
X -y =-6..()

Since the magnitude of both vectors are equal

J32+x2+12 = (22412 + 2

J10+x2= /5 +y2
y>—x*=5

(y-x) (y+x) =5
6x+6y=5...(ii)

Solving equation (i) and (ii) we get



31 41

S TEAST

48. Question

If 3 and 1, are two non-collinear unit vectors such that ‘5 + 1_3‘ = \E find (25 - ‘?E)(Sa - I_J)
Answer

Given |3| = |E| =1 and |§’+ B| =43

|7+b|=v3

Squaring both sides

+
[
fl
o'l
Il
[#%]

1%+ [b)?

49. Question
If 3. b are two vectors such that ‘5 —E‘ = |1_J| then prove that 3 = 21 is perpendicular to 3

Answer
Given [+ b| = |b|
Squaring both sides we get,

|3+ b|2 = |b|?

i(3+2b)=0
Hence, proved.

Exercise 24.2

1. Question
5 s 5 4
In a triangle AOAB, ~AQB =90° If P and Q are points of trisection of AB, prove that QOP~ + OQ—' =~ AB-
9

Answer

Given:- 4 AOB = 90° P and Q are trisection of AB



i.e. AP = PQ = QB or 1:1:1 division of line AB

To Prove:- 0P? + 0Q? = SABZ

N

Ay

(=1}

o

Origin
Proof:- Let 5,3 and b Pe position vector of O, A and B respectively
Now, Find position vector of P, we use section formulae of internal division: Theorem given below

“Let A and B be two points with position vectors 3 and b

respectively, and c be a point dividing AB internally in the ration m:n. Then the position vector of c is given
by af _ mb + na

m+n

By above theorem, here P point divides AB in 1:2, so we get

e b+23

= Position vector of P = .

= s 23+h
Position vector of P = 3

Similarly, Position vector of Q is calculated
By above theorem, here Q point divides AB in 2:1, so we get

Z2b +

Ll EVY

= Position vector of Q = —

+2b
3

]

= Position vector of Q =
Length OA and OB in vector form

= 0A Position vector of A - Position vector of O

=0A=3-3

= 0B = Position vector of B - Position vector of O
=0B=b-3

Now length/distance OP in vector form

OP = Position vector of P - Position vector of O

= 0P = -3
3

:ﬁ}’=7



—_—
= Q0P = 3

— 23-25 +b-a
= Q0P = 3

length/distance OQ in vector form

a:i = Position vector of Q - Position vector of O

ﬁ@’ _ §+EZE_ —
=’@’ _ §+23E—36

=00 = §+zEa—za—a
=00 = -5 +2b-20

Putting 0A and OB values

OA + 20B
3

=®’ _
Taking LHS

OP? + 0Q?

_ (za+ﬁ)? N (ﬁmﬁ)?
3 3

= 4(0A)" + (0B)" + 4(0A).(OB) + (OA)" +4(0F)" + 4(0A).(OB)
]

as we know in case of dot product
aa = |al?

ib = |a||bjcosB

Angle between OA and OB is 90°,

= 0OA.OB = |0A||OB|cos90°
=0A.0B = 0

Therefore, OP2 + 0Q?2

— 4(0&) +(0B) +0 + (0A)" +4(0B) +o
9

= 4(0A)" + (0B)" + (0A)" + 4(0E)"
9

= s5(0A) +5(08)°
9

_ 5(DA%+ DB
9

As from figure OA2 + OBZ = AB2

— 5(AB)?
9



= RHS

Hence, Proved.

2. Question

Prove that: If the diagonals of a quadrilateral bisect each other at right angles, then it is a rhombus.
Answer

Given:- Quadrilateral OACB with diagonals bisect each other at 90°.

Proof:-It is given diagonal of a quadrilateral bisect each other

Therefore, by property of parallelogram (i.e. diagonal bisect each other) this quadrilateral must be a
parallelogram.

Now as Quadrilateral OACB is parallelogram, its opposite sides must be equal and parallel.
= OA = BC and AC = OB

Let, O is at origin.

3 and b @re position vector of A and B

Therefore from figure, by parallelogram law of vector addition
0OC=3+b

And, by triangular law of vector addition

AB=3-b

As given diagonal bisect each other at 90°

Therefore AB and OC make 90° at their bisecting point D

= +ADC = 2CDB = «BDO = »«0DA = 90°

Or, their dot product is zero

= (0C).(2B) = 0

=(3+b).3-b) =0

=la]2 + 3b—3b—|b|2 = 0

= [al® = [b]?

=0A = 0B

Hence we get

OA=AC=CB=0B

i.e. all sides are equal

Therefore by property of rhombus i.e

Diagonal bisect each other at 90°



And all sides are equal
Quadrilateral OACB is a rhombus
Hence, proved.

3. Question

(Pythagoras’s Theorem) Prove by vector method that in a right angled triangle, the square of the hypotenuse
is equal to the sum of the squares of the other two sides.

Answer
Given:- Right angle Triangle
To Prove:- Square of the hypotenuse is equal to the sum of the squares of the other two sides

Let AAOB be right angle triangle with right angle at O

A
ar
il
o > B

Thus we have to prove

AB? = OA? + OB?

Proof: - Let, O at Origin, then

Fand b be position vector of A and B respectively

Since OB is perpendicular at OA, their dot product equals to zero
We know that,

(Formula:é’.g = |a||b| cos®)

Therefore,

= (07).(08) = o

Now,We can see that, by triangle law of vector addition, 75 — 7, _— 7 Therefore,

(8B)" - (6-3)°

~@B) = 2 + b?— 2.0

From equation (i)

=(A_sz =a’+b*-0

= AB? = 0A? + 0BZ2 (Pythagoras theorem)

Hence, proved.
4. Question

Prove by vector method that the sum of the squares of the diagonals of a parallelogram is equal to the sum
of the squares of its sides.



Answer

Given:- Parallelogram OABC

C B

O A

d
To Prove:- AC? + OB? = OA? + AB? + BC? + CO?
Proof:- Let, O at origin

3, band ¢be position vector of A, B and C respectively

Therefore,

Il
al

0A — 3,0B = bandOC
Distance/length of AC
AC = AB + BC

By triangular law:-

=  the the vectors form sides of triangle

[

i+b=-Cori+hb+
= (ac)" = (a8 + BO)’
As AB = OC and BC = OA

From figure

= (A6)” = (o€ - 0A)’

= (A0)" = @2 + @?—2(D).(F) )
Similarly, again from figure

(04 + &B)°

(

= (08)" - (0A + 0C)°
(
(

=

\%{
Il

=

0B)" = (3 + ©)?
= (0B)" = @7 + (&7 + 2(2).(8) (D)
Now,

Adding equation (i) and (ii)

= (a6)° + (0B)" = 20312 + 222 i)
Take RHS

OAZ2 + AB? + BC2 + CO?

= @2+ (00)" + (0&)" + (?

- @+ (@ + @ + (@



= 213> + 2[¢]% ... (iv)

Thus from equation (iii) and (iv), we get
LHS = RHS

Hence proved

5. Question

Prove using vectors: The quadrilateral obtained by joining mid-points of adjacent sides of a rectangle is a
rhombus.

Answer
Given:- ABCD is a rectangle

To prove:- PQRS is rhombus thus finding its properties in PQRS

D R C
S 19
A p) B

i.e. All sides equal and parallel

Let, P, Q, R and S are midpoints of sides AB, BC, CD and DA respectively

Therefore

55 _ 2B _ 5
B
56 - B _5¢
G=-=17
F- D _ 5
B
5 _DA_o
DR

also AB = CD, BC = AD (ABCD is rectangle opposite sides are equal)
Therefore

AP =PB=DR=RCandBQ=QC=AS=5SD...... (i)

IMP:- Direction/arrow head of vector should be placed correctly

Now, considering in vector notion and applying triangular law of vector addition, we get

=P{ = PB + BQ

~pg _ A, BC
PQ = 2 + 2
——  AB+BC

2
., i

Magnitude PQ = AC



:ﬁ’:
2
=>S_’=@
2

Magnitude SR = AC
Thus sides PQ and SR are equal and parallel

It shows PQRS is a parallelogram

Now,

= (FQ)" = (PQ).(PQ)

= (PQ)" = (PB + BQ).(PB + BO)

= (PQ)" = (PB).(PE) + (PB).(BQ) + (PE).(BQ) + (BQ). (BQ)

By Dot product, we know

ib = 0;if angle between them is 90°

Here ABCD is rectangle and have 90° at A, B, C, D
= (PQ)" = [78[" + (54|’
And

= ()" = (7). (%)

again by triangular law
= (78)" = (PA + £3). (P& + &)
~ (73)" = ((PA). (PA) + (P). (3S) + (PE). (35) + (&). (&9))

By Dot product, we know

ad = |a)?

ib=0 ;if angle between them is 90°

Here ABCD is rectangle and have 90° at A, B, C, D

~(#)" = [FA]" + &S]

From above similarities of sides of rectangle in eq (i), we have
= (#S)" = [PB[" + [5G

Hence PQ = PS

And from above results we have

All sides of parallelogram are equal

PQ=QR =RS =SP

Hence proved by property of rhombus (all sides are equal and opposite sides are parallel), PQRS is rhombus
6. Question

Prove that the diagonals of a rhombus are perpendicular bisectors of each other.



Answer
Given:- Rhombus OABC i.e all sides are equal

To Prove:- Diagonals are perpendicular bisector of each other

Proof:- Let, O at the origin
D is the point of intersection of both diagonals

3 and ¢ be position vector of A and C respectively

Then,
0A =3
oc = ¢
Now,

as AB

I
o
(@]

SOB =3 4+ Cooeee (i)

Similarly

=AC = A0 + OC

SAC — —F 4 B oeeerns (ii)

Tip:- Directions are important as sign of vector get changed
Magnitude are same AC = OB = va? + c2

Hence from two equations, diagonals are equal

Now let’s find position vector of mid-point of OB and AC

:,Ei:ﬁ:ﬁ;ﬁ
ﬁﬁi:ﬁ:E:E
and
:Hj:ﬁf:m;E
=’H))=ﬁf= —a+c

Magnitude is same AD = DC = OD = DB = 0.5(vVa? + c?)
Thus the position of mid-point is same, and it is the bisecting point D

By Dot Product of OB and AC vectors we get,

= (0B).(&C) = G + 9.(¢-3)



= (0E). (ac)
= (0B).(&C) = 2> -[&1?
= (0B). (&C) = (00)" - (0A)’

As the side of a rhombus are equal OA = OC
= (0B).(AC) = oc?-oc?

= (0B). (ac)

Hence OB is perpendicular on AC

@+ 3).@-3)

0

Thus diagonals of rhombus bisect each other at 90°

7. Question

Prove that the diagonals of a rectangle are perpendicular if and only if the rectangle is a square.
Answer

Given:- ABCD is a rectangle i.e AB = CD and AD = BC

To Prove:- ABCD is a square only if its diagonal are perpendicular

D C

b

o > B
a

Proof:- Let A be at the origin

Fandb be position vector of B and D respectively
Now,

By parallelogram law of vector addition,

=AC = AB + BC

Since in rectangle opposite sides are equal BC = AD

and
=BD = BA + AD

Negative sign as vector is opposite

=BD =3—-b
=BD =3i-b

Diagonals are perpendicular to each other only

= (Ac).(BD) = 0

=(3+0).(E-0) = 0



= EP-[b] =0
= &2 = 6]’

= AB2 = AD?

= AB = AD

Hence all sides are equal if diagonals are perpendicular to each

other

ABCD is a square

Hence proved

8. Question

If AD is the median of AABC, using vectors, prove that AB%2 + AC? = 2(AD? + CD?).
Answer

Given:- AABC and AD is median

To Prove:- AB? + AC? = 2(AD? + CD?)

A

=t
a1

B D C

Proof:- Let, A at origin

b and & be position vector of B and C respectively

Therefore,

AB = bandAC = ¢

Now position vector of D, mid-point of BC i.e divides BC in 1:1.
Section formula of internal division: Theorem given below

“Let A and B be two points with position vectors 3 and b

respectively, and ¢ be a point dividing AB internally in the ration m:n. Then the position vector of c is given
by af _ mb + na

m+n

Position vector of D is given by

b+7¢
2

=AD =
Now distance/length of CD
CD = position vector of D-position vector of C

— b+?%
=CDh = > -7

b-
2

fal

ﬂﬁ)’:



Now taking RHS

= 2(AD? + CD?)

67+ 6]

2

B) + @+ 206).0+®) + ©*-20).0Q)]

Hence proved

9. Question

If the median to the base of a triangle is perpendicular to the base, then the triangle is isosceles.
Answer

Given:- AABC, AD is median

To Prove:- If AD is perpendicular on base BC then AABC is isosceles

A
b ¢
90°
.
B D C

Proof:- Let, A at Origin

b and ¢ be position vector of B and C respectively

Therefore,

AB = bandAC = ¢

Now position vector of D, mid-point of BC i.e divides BC in 1:1
Section formula of internal division: Theorem given below
“Let A and B be two points with position vectors 3 1nd b

respectively, and ¢ be a point dividing AB internally in the ration m:n. Then the position vector of c is given

by af _ mb +na
m+n

Position vector of D is given by

b+¢
2

:ﬁ=

Now distance/length of BC

—

BC = position vector of C-position vector of B



—_—

=BC = ¢—b
Now, assume median AD is perpendicular at BC

Then by Dot Product

- (aD).(BC) = o

=22 -[6 = o
= &2 = [B]°
= AC = AB

Thus two sides of AABC are equal
Hence AABC is isosceles triangle

10. Question

In a quadrilateral ABCD, prove that AB? + BC? + CD? + DAZ = AC? + BD? + 4PQ? where P and Q are middle
points of diagonals AC and BD.

Answer

Given:- Quadrilateral ABCD with AC and BD are diagonals. P and Q are mid-point of AC and BD respectively

To Prove:- AB2 + BC? + CD? + DA? = AC? + BD? + 4PQ?

(]
L]

Proof:- Let, O at Origin

3 b, Zand d be position vector of A, B, C and D respectively

As P and Q are mid-point of AC and BD,

Then, position vector of P, mid-point of AC i.e divides AC in 1:1
and position vector of Q, mid-point of BD i.e divides BD in 1:1
Section formula of internal division: Theorem given below

“Let A and B be two points with position vectors 3 and b

respectively, and ¢ be a point dividing AB internally in the ration m:n. Then the position vector of c is given
by mf . mb + 13 «

m+n




Position vector of P is given by

a+
2

Position vector of Q is given by
b+ d

T2

Distance/length of PQ

= P_d = position vector of Q — position vector of P

b+d E+°¢
2

:P_Q’:

Distance/length of AC

=AC = position vector of C — position vector of A
=AC = ¢-13

Distance/length of BD

=BD = position vector of D — position vector of B

— —

=BD = d-b
Distance/length of AB

=AB = position vector of B — position vector of A

-

=AB = b—3

Distance/length of BC

—

= BC = position vector of C — position vector of B
=BC = ¢-b

Distance/length of CD

—

= CD = position vector of D — position vector of C

—

=CD =d-¢
Distance/length of DA

= DA = position vector of A — position vector of D

=DA =3-d
Now, by LHS

= ABZ + BC? + CD? + DA2
= (6-3) + (-8 +@-9 +@E-3)

— 2 = — 2 T ST e
= Z[IE{I2 + |b|” + [8)> + |d| —3bcos®, — Ebcos®, —cd cosh,

—3d cos 84]
Where 01,62,05.6, are angle between vectors

Take RHS



AC? + BD? + 4PQ?

— 2
— 2 b+d 3+7¢
= (¢-3)2 + (d-b) +4( - )

—@E-2+ (@0 + (B+H-G+0)

2

=@-3D2+ @+ +(d-b) +(d+ E)z +20b+d).G+ 0

—2 o -2 = L =
= Z[IE{I2 + |b] + 2> + |d| —3bcos®, — Ebcosh, —Edcosh,

—3d cos 94]

Thus LHS = RHS

Hence proved

Very short answer

1. Question

What 3 andl_J is the angle between vectors and with magnitudes 2 and v3 respectively? Given 3 E =

e

Answer

We know,

i-b= |a||b|cose where 6 is the angle between 3 and B.
Given, |a|=2 |b|=V3

d@-b=2+3cose

So, cosf =El

6 = 60°

2. Question

If 7 and b are two vectors such that3 b =63 |=3and |b| = 4. Write the projection of on
Answer

@-b = |a||b|cose = 6

Given,

|a]=3, |b|=4

6 = 3 xX4cose

6 12cosé

cosfd = —
2

3. Question
Find the cosine of the angle between the vectors 4] — 3,:]' +3k and 2j — J _k.

Answer



We know,

IfA=q,i+bj+ckB=a,ithj+ck

[:alf+ bij+ CIE).(aEE+ b j+ CQIE) = qa,.a,+ by.b, + ;.05
And 4. B = |4||B|cose

S0,4 - B = (ayi+ byj + c k). (ani + byj+ c,k)

= a,.0, + by + cy.05

= |4||B|cose
|A|= V34
IB|= V6

Here, 4%x2 + (-3) x (-1) + 3%x(-1) = 8
A-B =|A||B|cose
= /34 x V6 cos8

V204 cosd

3

cose = = 0.56

]
g =
29

v

4. Question

If the vectors 31T + m:i _1:; and ji _:]' —81; are orthogonal, find m.
Answer

Orthogonal vectors are perpendicular to each other so their dot product is always 0 as cos90°=0
IfA=qa,i+bj+c,k,B=a,i+b,j+c,k

[:alf+ bij+ clﬁ). [:a23+ by j+ CEI?) = a,.G, + by.by + cy.05

And 4. B=3x2+mx(-1)+1x(—8)=0

6-m-8=0

-m-2=0

m=-2

5. Question

If the vectors 3{ — gj — 4L and 131T _ 12j _1111:; are parallel, find the value of m.

Answer
IfA=qai+bj+c,k,B=a,i+bj+cok
And A is parallel to B

Then A= kB, where k is some constant

a b c 3 4
So k= _bh_=a_2_ 2
g by [ 18 m



[N

m=6x4
=24

6. Question
If 3 and E are vectors of equal magnitude, write the value of (?1' + B)(ﬁ —E)

Answer
We know that dot product is distributive.
So

2
= ld|z— |p|
= la* - a2
=0

7. Question

If 3 and b are two vectors such that (ﬁ' + E)(ﬁ' —E) =0, find the relation between the magnitudes of
aandb-
Answer

We know that dot product is distributive.
So

=, 2
=|al*~ [p|
Given that,

—

(@+b).(@- b) = |allal - 1l|B| + |al|5| - |5]|b]

2
ldl> - [b| =0
- —, 2
|d|* = |b]
Therefore, both the vectors have equal magnitude

8. Question



For any two vectors 3 and B write when la+ E| =|a|+ |B | holds.

Answer

We know,

@+ 5] = 1 + 5] + 21al[Elcoso

|d)| + |3| = J|ﬁl)|2 + |i.’_;|2 + 2|€||3|cos€

(|l +1B])° = 12 + || + 2141[B|cose

lal® + |’T—7’|2 + 2|¢i>||f_3'}| = |d]* + |E_)}|2 - 2|&||5|cos.9

Comparing LHS and RHS we can conclude that

2|d]|b| = 214||b|cose

costt =1lor@=0°

9. Question

For any two vectors 3 and B write when | 3 _B |=|a _B | holds.

Answer

We know,

— 2 —+
|d|2 + |b| — 2|d||b|cose

@+ 5] = 1 + 5] + 21al[Elcoso
- 5l=

If|@d+ b| = |a— b

Then, J|a|z +|B]” + 21|B| cose = Jla*P +|B]” - 2ldl[B|cost

2|d]|b|cose = —2|d]|b|coso

Comparing LHS and RHS we can conclude that
cost =0 or 8 = 90°

10. Question

If 3 and B are two vectors of the same magnitude inclined at an angle of 60° such thatg B = §_write the
value of their magnitude.

Answer
Given,

6 = 60°and |d| = |B|

@- b = |d||b|cose



[d]* =16

|@] = 4 (as magnitude cannot be negative)

11. Question

Ifg a=0anda 1_;' = (), what can you conclude about the vectorB ?
Answer

@-d=da-b=0

|dl|@|cos0® = |&||B|cose

=0

Possible answers are,

|@] = 0i.e. dis a null vector

Or

cosd =0 org =90°i.e. 4 and p are perpendicular
Or

|jf_;| — pi.e. pis a null vector

12. Question

If B is a unit vector such that (ﬁ +

sy}
e
—
j=+])
|
]
e
Il
&
—h
>
o
=~

Answer

ld]* =9
ld] =3
13. Question

If 5 andﬁ are unit vectors such that 3 _fj is a unit vector, write the value of | a— b |

Answer

— =2 - : .
|&,’+ b| = J|&|2+|b| + 2|&’||b|cos€ =1 (As given as unit vector)

J|&|2+|5|2 + |d||b|2cose = 12+ 12+ 1 x 1 X cosh

=1



V2+2c058 =1

2+ 2cos8 =1

cosf = _1;’2

— =2 —
@~ 5] = J1ai+[5]° - 2lal[Blcoso

=y14+1—-—2x%x1x%x1xcost

= [2-2(7Y,)
14. Question

If |3 |=2.|bj=5and a.b=2, and find |7 —b |-

Answer

@-b = |a||b|cose

=2%x5Xcos@
=2

5 1
cosf = 0-c

— =2 —
@~ 5] = J1ai+[5]° - 2lal[Blcoso

=22+52— 2x2x5 X cosf

= J4 +25 - 20(1/;)

@ — b = J4+ 25 —20(1/;)

=29 -4 =125

=5

15. Question

If3—1i _:i and b = __j + k. find the projection of 5 on b-
Answer

.b

a1

Projection of g on j is

=3

B = D+ 12
=42

(d1f+ blj+ CIE).(azf'l' sz"" CQI‘E) = ﬂ.l.ﬂ,z + bl.bz + CI.CE



Gb=1x0+(-1)x(-1) +0x1

=1

[~

Therefore projection .

n:-||
-
il =

16. Question

For any two non-zero vectors, write the value of 2 _I_J |_' . ? :b
[al” +[bf"
Answer
—=,2 L= N - 2 Lo
@+ +|a -8 (1812 + [B]" + 2ab) + (1d12+ |B| — 24b)
ldlz + |b|” l>+ |B|°

2(1af + |B]°)
lae+ [l
=2
17. Question

Write the projections of 7 = 3{ - 4J _12L"; on the coordinate axes.

Answer
X-axis={
y-axis=j
z-axis=};

.. db-
projpa = Wb

Projection along x-axis= =i

bk | D

=31

a

Projection along y-axis= ?)
= —4f

Projection along z-axis= l—ffé
=12k

18. Question

Write the component ofE along 3.

Answer



Sl

ECOSG

~
5 g

a
Component of a given vector B along g is given by the length of fj on 3.
Let g be the angle between both the vectors.
So the length offj on q is given as: |b|cos @

By vector dot product, we know that:

Cosg = E_E_
6 |al|b|
Therefore, - E_E_ — 5_5
[blcos 6 = |bliz5 =13
Hence, j_ab
compzb E

19. Question
Write the value of (5 I)i +(5 ])] +(5 l::)l:; where 3 is any vector.

Answer

Let § = xi + yj + zk

wi=x(1)
aj=y(2)
dk=z03)

Put the values obtained in the given equation

We get:
(.1)i+(a.])j+(3.k)k =xi+yj+ 7k
i.e.

(.1)i+(a.j)j+(a.k)k=a

20. Question

Find the value of 6¢e (0, m/2) for which vectors g = ( Sille)i +(CDS e)j andp — j— \r"?’_f + 2 are
perpendicular.

Answer

Given:

-

5:(si118)f+(c059]1



ol

—J/3j + 2k

—

1

b = 0 (perpendicular)

So,

d.b = {(sindi + cosdj). (i — /3] + 2k)} =0
Therefore;

sing —/3cos6 =0

Multiply and divide the whole equation by 2:
We get

1 . V3
—sing — 70036 =0

2
By the identity:
sin{a — b) = sinacosb —cosasinb

We have:
sin (8 — g) =0
sin (ﬂ - g) = §in nm

So

(ﬂ—g) = nm

8 =nm+ % yNe |

21. Question

Write the projection of 1 _j 1 L along the vector J .
Answer

Let, G=i+j+k &b =]

We know that, projection of g along j, is given by:

.. db-

projzd = —5b
|b]
Also,g p =1

&|p| =1

So, projzd = 1(j) =j

22. Question

Write a vector satisfying @.1=4a (1 +]j)=a (1 +j+k)=1

Answer

Let @ = xi + yj + zk

—ha

ar = x



di+j)=x+vy
d(i+j+k)=x+y+z
For all the equations to be equal to 1;
i.e.x=x+Yy
=X+y+z

=1

So, x=1;

&x +y=1
&x+y+z=1

We get: x=1,y=z=0
Therefore, § =1

23. Question

If 3 and b are unit vectors, find the angle between 3 + b and 3 — b.
Answer

Since, || = |§| -1

let f—G+b&B=d—b

Angle between g} is g and angle between i&F is a&p

A

==18
A
\
\

\
= y
ol e

W

j=%

By vector addition method;

we have:

@+ 5| =1d2+|b|" +21l|B| coss
=2(1+4cos 9)

l@—B|" = 1] +|B|” - 2ldl|5| cose

=2(1-cos 0)

So,

R g
|d+ b| = Zcosz

R . 0
|d—b|= ?.smz

Now in the parallelogram:

Area of parallelogram= (product of two sides and the sine of angle between them)



. — .
i.e. grea = |d| x |b| x sing (1)
Also area of parallelogram= sum of area of all four triangle

And area of each triangle =§bh

So, Area = Z{E*H* Msina}—kz{ixﬂw Msin,{%}
2 2 2 2 2 2

Since ¢ & 8 are supplementary

A= afr, 1Al 18l =24 | 4]|B| sina (2
[2* xS sma} -* |A||B|sma( )

From (1) &(2) we get:

21d||B|sin 6 3 21d||b|sin

sina =

AlIB] & +olla- o]
. 2#1+1=+sinf 2sind
sina = =— =
Zsing* Zcos% 2sing

@=sint1="
= sin ==
2
24. Question
If g andﬁ are mutually perpendicular unit vectors, write the value of| a |B E

Answer

Since 4 g p are mutually perpendicular;

Then, cosg = f'b_ (1)
lal[p|
And sing = {‘EXE} (2)
\al ||

Squaring and adding both equations, we get;

(sin6)2 + (cosf)? = ((&Xb)) N (l a.b |)

|dl|B]

@) +(@E)
(1ll5))
so. (1a||])" = (axb) + (a.b)

2

Hence, ||| = V(@xB)” + (@.b)"

25. Question

If 3. B and ¢ are mutually perpendicular unit vectors, write the value of| a _E +c|.

Answer

Since all three vectors are mutually perpendicular, so dot product of each vector with another is zero.



SO, |G+ b +¢é| = a7+ B + 187 +2(a.h+5.E+Ed)
la+b+é| =1d?+ b + 182

e |g+b5+é =3

2

V3

S0, |@+ b+
26. Question
Find the angle between the vectors 3 = 1 _:i _1:; and E = 1 + J - L
Answer

By vector dot product, we know that:

@b = |al|b|cose

So, cosg= @b
lallbl
a=i-j+kandb=1i+j—k.

f=T
=21

=-1

lal=v3 & |b| = V3

Therefore,
-1
cosg = _
o V33
-1
cosg= —
6 3

_ -1(71
So, 8 = cos ( 2 )
27. Question

For what value of A are the vectors 3 = 3{ 1 ,J _1:; and E = 1 — g:i 1 3L perpendicular to each other?
Answer

let 3 =2i+2j+kandb=1-2j+3k.

for g to be perpendicularto j cosg = 0

i.e. 4 b = g [vector dot product]

(25 + 2j + &)-G — 2j + 3k)=0

2-23+3=0

5-21=0

Hence, ,1=§

28. Question

Find the projection of 3 on b.if a.b b =2i+ 6+ 3k.
Answer

We know that;



.. 2i+6j+3k
projpa = bz
29. Question

Write the value of p for which 3 = 3,i 1 jj 1 91; and b = 1 _pj 1 31; are parallel vectors.
Answer

G@=31+2j+9k and b = i+ pj + 3k

for g to be parallel to j sing = 0

i.e. (JXB) = p [vector cross product]

—

o
L~
Lo WO =
Il
o

i(6—9p) —7(9—9) + k(3p —2) =0

i(6 —9p) + k(3p— 2) =07 + 0k

(6-9p)=0 & (3p-2)=0

Hence, p = %

30. Question

Find the value of A if the vectors ji + ;J + 31; and 3{ + j:i - 4L are perpendicular to each other.
Answer

Let g = 2i+2j+ 3k and = 3i+2j—4k

for g to be perpendicular to 3 cosg =0

i.e. 3 b = o [vector dot product]

(2i+ Af +3k).(3i+2j—4k)=0

6+2A-12=0

2M-6=0

Hence, A=3

31. Question

If|a] =2, |5| — 3,4 b = 3, find the projection of ; on g
Answer

Given |g| = 2 and |5| — g and |5_5| -3

The projection of }, vector g on a is given by,

=

E.a-::E.I

By



=l

= —= (since scalar product is commutative)

B

[SE RN

32. Question
Write the angle between the two vectors g and J with magnitudes /3 and 2 respectively having g, b= N
Answer

We know that the scalar product of two non-zero vectors g and j, denoted by g p, is defined as,

[ —

a.b =|a| |b| cosé

\,@ = \,@ ¥ 2cosd

\.@X\.’E
cosf = ——
\-@XZ
1
_\."E

33. Question

Write the projection of vector i + 3j + 7k on the vectorpj — 3]+ 6k.
Answer

Let@=17+3j+7kand j = 7, — 3j + 6k

Then the projection of vector g on j'is given by,

o

L
.b:T
Ib|

(

=a.b = (i+3j+7k).(2i — 3j + 6k)

L

=1x 2-3X 3+7x 6
=2-9+42

=35

Now, |p| = V225 62 + 32

=VIT36+9

Therefore projection of gon = 22
7
=5

34. Question

Find A, when the projection of g = Ai + j+ 4konp =27+ 6] + 3k is 4 units.



Answer

Giveng =1 +j+4kandp =31+ 6f + 3k

Hl
|

Projection of g on 5 is given by

=

|
a.b= (A +j+ 4k).(20 + 6] + 3k)
=27+6+12

=2\+18

Now, |b|=\|-'22 + 62 + 32 =\.@=7

21 +18 4
7

2A+18=28

2A=10

A=5

35. Question

For what value of A are the vectors g = 2§ + Aj + Fandb=i— 2f + 3j; perpendicular to each other?
Answer

Given g =2i +Aj+ kand h = i — 2j + 3k

For two vectors to be perpendicular, the angle between them must be gg? org

We know that cos 90=0

a.b=(2i+2j+k).(i—2j+3k)

=2-2A+3

=5-2A

By scalar product, g p — |&||5|cos.9

5-2A=0
s 5
2

36. Question

Write the projection of the vector 7; + j — 4J; on the vector 2f + 6] + 3k.
Answer

let@=i+j+kandp=i+j+k

Projection of ¢ on E is given by,

a.b = (71 +j — 4k).(2i + 6] + 3k)
=7%x2+1x 6-4% 3

=14+6-12



=14-6
=8

b| = 22 + 62 + 32
|b] =

=V4+36+9

Therefore, projection of g on b is g

37. Question

Write the value of A so that the vectors g = 2f + 1j + Eandb =i— 2j + 3 perpendicular to each other?
Answer

Given @ = 27+ 2j+ kand p = { — 2j + 3k

For two vectors to be perpendicular, the angle between them must be g2 or%
We know that Cos90=0

a.b= (20 +Aj+k).(i—2j +3k)

=2-2\+3

=5-2A

By scalar product, g b = |a||b|cos8

Therefore, 5-2A=0

1==
2

38. Question

Write the projection of j 4+ ¢ on @ When @ = 2§ — 2j + k,b = i + 2j + 2k,and ¢ = 21 — j + 4k-

Answer

Given, ¢ — 51 — 2j + &

s

So, b+ &= (i+2) +2k) + (20— j + k)

Now, to find projection of + Fondie.dona

.a

Now.d.q = (3i+j+6k).(2i— 2j+ k)

(="}

dd=

2

=3X 2-1x 2+6%x 1



=6-2+6
=10

la] = 22+ (—2)2 + 12

SNy

=v9

=3

Therefore, & _ 10
lal 3

39. Question

If G and j, are perpendicular vectors, |7 + | = 3 gnd |@| = 5,ind the value of [p|.
Answer

Given, | 4+ p| =3and || =5

Also given g and } are perpendicular

@.b=0

la+b| =(a+b)

32 = |@|2+2|a.b |+ |D|?

32 =52 4 |b|?
9 =25 + |b|?
—b|> =16
|b| = —4

40. Question
If & and b vectors are such that|a| = 3, |E_;;| = 2 and @ X b is a unit vector, then write the angle between
@ and b.
Answer
Given |d] = 3 |b| =2
3
Also given, g % p is a unit vector
= |EE X b | =1
By vector product,
|@ x b| = |dl|b|Sing

Therefore, 1 =3 x g sin@

ing 1
= sing = —
2

41. Question



If & and 5 are two unit vectors such that g + 5 is also a unit vector, then find the angle between g gnd B
Answer

Given || = [B| = 1and [d+ 5| = 1

Now, |+ b|" = (¢ +b).(d +b)

= 1 =|al? + 2lal|b| + |b|?

=1=1+2|ab|+1

= —1=2+2|ab|

Also, |@.b| = |al|b|coss

Therefore, —51 =1x1xcos@

Cos @ L
=Cosf=—2
2

We know that cas60° =§1 and cos is negative in 2"4 quadrant

Therefore, 8 =180-60
=120

2
3

42. Question

If @ and b are unit vectors, then find the angle between g gnd b, given that \/35 — p is a unit vector.
Answer

Given, |@| = |[b| =1and |y3a+b| = 1

By scalar product, |&_E| = |a||b|cosé

By substituting the values, we get

a.b = cos

|V3a— i.’)l2 =1

(V3a)? — 2v3ab + b>=1

3a?-2v3 cos 6 + b? =1

=3-2v3 cos 6 +1=1
=4-1=2V3 cos 0

=3=2vV3 cos 6
6 V3
= _ ¥
COS 5
5 T
- ==
6



MCQ

1. Question

Mark the correct alternative in each of the following:

The vector 3 and b satisfy the equation 23 + b =p and 3+ 2b =g, Where p =i+ jand g = j, If 6 is the

angle between 37 and b . then

4
A. cosB=—
5
. 1
B.sinf=—
V2
4
C.cosb=——
5
3
D. cosB=——
5
Answer

Here, 25+ b =pand G+ 25 =§

AIso,ﬁ: 1‘+j‘andq’: i—j

22i+b=1+jand g+ 2b=7—j

Solving above two equations for g and j we get,

+jand§= i—j

—
[N ]

= 2
S =-
6

i-b 2><2+1><( 1)
TP =E%6

* 1
T 36
32

36

1

Also, |41 {@)2 . (1)2}5

1



Now, 6 is the angle between ¢ and

2. Question

Mark the correct alternative in each of the following:
If ai=a.i+j)=a.(i+j+k)=L theng =

AG

~dj=00(di=1) (4)
From (3) and (4)
di+dk=1Ga’j =0
aedk=0(wdi=1)

So.q = di + dj + dk

=i

3. Question

Mark the correct alternative in each of the following:

If7+b+c¢=0,]3|=3.|b|=5.|C|=7. then the angle between 7 and b is

A

oA



Here, g+ p+¢=0__ (1)

= d-b+d-c=—d-d=—|d>
> d-b+d-c=-9]d=3) (2)
From (1)

= d-b+b-é=-b-b=—|p|

= d-b+b-é=—-250 b =5 (3)
From (1)

=é-(@+b+8)=0

=G d+d-b+i-é=0

= ¢-d+¢-b=—¢-¢=—|¢

= d-é+b-éd=-49 (=8 =7 (4)
From (2) and (3)

d@-b—d-é=24 (5)

From (2) and (5)

2(d@-b) =15
o5 15
=a —7

Let © be the angle between g and p

al
L=}

Then, cos8 =

o

la|




S0, ==
3

i.e. angle between g and j is Z.
2

4. Question

Mark the correct alternative in each of the following:

Let 7 and b be two unit vectors and a be the angle between them, then 7 + p is a unit vector, if

A. ¥ :E
4
B. G_:E
3
o
C.g=="
3
D. G_:E
2
Answer

Here, ¢ and J, are unit vectors.
i.e.|d] =1and |_b)| -1

If 7+ p is unit vector then

T 1 . . . .
We know cos% =3 and cosine is negative in second quadrant.

m

...a=ﬁ:_§
2’
=?

5. Question

Mark the correct alternative in each of the following:

"

The vector (cosa+cos[3)i +(cosa+si11[3)j+(si1m)k is a



A. null vector

B. unit vector

C. constant vector

D. none of these

Answer

Let @ = (cosacosB)i + (cosasin B)f + (sina)k
So,|d|? = (cosacos ) + (cosasin B)? + (sina)?

=cos? a(cos? B+sin? B)+sin? a

=cos 2a(1)+sina
=1
e |dl =1

So,q is a unit vector.
6. Question

Mark the correct alternative in each of the following:

If the position vectors of P and Q are 1 _3:i - "L and <.1 - ::]' + 4k then the cosine of the angle between PQ
and y-axis is

5
A.
162
4
B.
AJ162
5
C. —
162
b, 11
4162
Answer

Let # be the direction ofﬁj
Then, 7 = Q — P = 4i— 5j+ 11k
Let © be the angle between # and Y-axis

rj
|71

Then ,cos8 =

5

- 1
(16 + 25 +121)3

7. Question

Mark the correct alternative in each of the following:

If 3 and b are unit vectors, then which of the following values of 5 .1, is not possible?



A.\E

B. /3 /2

C. 1_;\4"5

D.-1/2

Answer

Here, ¢ and j are unit vectors.
i.e.|d| =1and |_b’| =1

Now, Let 6 be the angle between g and p

&)
L=

S0, cosd =

o |

o T
= a-b =rcosd

2t

1
Now, we know cosZ = —
4 V2

21 1
icos—=—o
3 2
T \."'5

2

(05— =
6

Therefore, 7. p = cosg = /3 is not possible.

8. Question

Mark the correct alternative in each of the following:

If the vectors 1 — jx:i_ 2-}_.-1:; and 1 n QX:]' _3-}_.-1:; are perpendicular, then the locus of (x, y) is

A. acircle

B. an ellipse

C. a hyperbola

D. none of these

Answer

Let @ =i —2xj +2ykand p = i+ 2xj — 3yk

Given that g and j are perpendicular.

S0.G-bh =0

=1-4x2 -6y2 =0

=4x2+6y2=1

Here, vectors are in 3-Dimensions

. above equation represents an ellipse .i.e. locus of (x, y) is an ellipse.
9. Question

Mark the correct alternative in each of the following:

The vector component of E perpendicular to g is



C.ax {E x E‘]
D. none of these
Answer

Let # be the vector projection of j, onto g

[=of|

Then, # = &

.
—-d
al

(=]

Now, vector component of ; perpendicular to g is

dx (b x é)
|d]?

10. Question
Mark the correct alternative in each of the following:
The length of the longer diagonal of the parallelogram constructed on 53 + 21_3 and 7 _ 35 if its is given that
|a|= 2\5| b |=3 and angle between 3 and b is /4, is
A. 15
B. J113
C. /593

D. \f369
Answer
Here, || = 2y/2 and |p| = 3

-

The parallelogram is constructed on 5z + 25 and g — 3p

—

Then its one diagonal is 57 + 2b + @ —3b = 64— b

— —

And other diagonal is 53 + 25 — @ + 3b = 4d + 5b

Length of one diagonal is — |7 — 5"

b =

- (36&’12 +h2 -2 x 6|&I|3|cosg)



[T

1
=(36><8+9—12><2@><3><—)
V2

1
=(288+9— 12 x6)z
=v225
=15

Length of other diagonal is — |47 + 53|

={(4d +5b) - (4d + 55)]%

Pa] =

= (16a% + 2552 + 2 x 4 x 5|&’I|3|cosg)

L
z

1
=(16><8+25><9+40><2ﬁ><3><—)
V2

= (128 + 225+ 40 x 6)51

=v593

So, Length of the longest diagonal is v593.

11. Question

Mark the correct alternative in each of the following:

If 3 is a non-zero vector of magnitude ‘a’ and A is a non-zero scalar, then 33 is a unit vector if

AAr=1
B.A=-1
C.a=|}A|
ooz ]
A
Answer

Here,|d| = a

Now, iq is unit vector if [Aq| = 1
i.e. |Aldl =1

ie. |lla=1

ie.a=—

NPT

12. Question

Mark the correct alternative in each of the following:

If 6 is the angle between two vectors 3 and b . then 3 b = () only when

s
A< <—
3

-

o | A



CO=8<m
D.0=6=nm
Answer

Here, 6 be the angle between g and 3

[

a

Then, cosf =

o |

2t

|
Now,7-p =0
— cos6|d||b| = 0
=c0s0=0

We know cosine is positive in first quadrant.

0<g<’
~0<6=z

13. Question

Mark the correct alternative in each of the following:

The values of x for which the angle between 7 = 2x?] + 4xj+ k. b = 7i — 2] + xk is obtuse and the angle

between E and the z-axis is acute and less than /6 are

1
A. X>—orx <0

—

D. ¢

Answer

Here, angle between g and 3 is obtuse
So,G-b <0

=14x?-8x+x=0

=14x2-7x =<0

=2x2-x=<0

=>x(2x-1)<0

=x<0andx =

B3| =

orx=0andx = (1)

B | ek

Now, angle between p and Z-axis is acute

So.p-k=0

=x=0 (2)



SFrom(l)and (2) 0 < x <

b |

14. Question

Mark the correct alternative in each of the following:

If 5_5_5 are any three mutually perpendicular vectors of equal magnitude a, then | 5_1_; +c| is equal to

A. a

B. \/2a

C. \,ga

D. 2a

Answer

We know that,

|+ b+ E|2 = lal? +1b[? + [c]? +2d.b +2b.¢ +22.d ()
Since, they are mutually perpendicular vectors
d.b =b.&=¢.a=0 (ii)

And according to question

lal = [B] = |21

Using (i) and (ii) ,

@+ b+ & =J|a|2+ [z + [c|2
=+/3|a| Ans.

Smart Approach

In case of such mutually perpendicular vectors, assume vectors to be f;,;,;g and verify your answer from
options.

15. Question

Mark the correct alternative in each of the following:

If the vectors 3{ + ,J _1:; and 2{ _j_ 31:; are perpendicular, then A is equal to
A. -14

B.7

C. 14

1

Answer
We have,
a=3i+Aj+k

-

=21-j+8%

o

Given that ¢ and p are perpendicular



= d.p=0

— (3T+47+k )(21 -7 +8k)=0

= 6- 1+8=0

~ A =14Ans.

16. Question

Mark the correct alternative in each of the following:
The projection of the vector 1 + J _1;- along the vector J is
Al

B.0

C.2

D.-1

Answer

[}

@

Projection of g on } is

=3

I
Projection of j _:i_g; on J is
({+j+£;j.j

i

=] =

=1 Ans.
17. Question

Mark the correct alternative in each of the following:

The vectors j{ _3:i - 41\ and ai + b:]' + c1:: are perpendicular, if
Ala=2,b=3,c=-4

B.a=4,b=4,c=5

C.a=4,b=4,c=-5

D.a=-4,b=4,c=-5

Answer

The given two vectors,

—s Their dot-product is zero

= (21 +3j— 4k ).(ai + bj+ ck) = 0

2a+3b-4c=0

From the given options only option B satisfies the above equation
Hence option B is correct answer.

18. Question



Mark the correct alternative in each of the following:
If|@|=|b|.then (a+Db).(a—b)=

A. positive

B. negative

C.0

D. none of these

Answer

(@+5).(@-5) = a2+ (5.4) - (a5) - |5
—, 2 -

= la@|* - [b| (lal =[b])

=0 Ans.

19. Question

Mark the correct alternative in each of the following:

If g andﬁ are unit vectors inclined at an angle 6, then the value of| a _E | is

. B
A 2sin—
3

o

B. 2 sin®

6
C. 2cos—
3

D. 2 cos6

Answer

|é — B| = /lalz+ [b]Z — 2[a|b|cos6
Given that,

ldl = b =1

= 7}
|@ — b| = V2 —2cos6 {(l — cos@) = 2sin? E}

- 7
|@—b| = |(2)2sin? 3

|@d—b| = |Zs£ng| Ans.
20. Question
Mark the correct alternative in each of the following:

If g andﬁ are unit vectors, then the greatest value of \E| a4 E |+a-— E| is

A 2

B. 2,\/5

C.4



D. none of these
Answer

If § and b are unit vector then
|@+B| = |Zcosg|

2
|@d— b = |2$£n€|

2

- = 7} 7
V3ld@ + b| + |da—b| = Z\ECOSE + 2sing

Maximum value of a sin 6 +bcos® is /qZ + pZ

Maximum value of 2»@608% + Zsin%a is 4 Ans.

21. Question

Mark the correct alternative in each of the following:

If the angle between the vectors Xi + 3,:]' — "L and Xi‘ - XJ + 4L is acute, then x lies in the interval.
A .(-4,7)

B. [-4, 7]

C.R-1[4,7]

D.R-(4,7)

Answer

2l
= |

lal|

cos@=

o

If the angle is acute ¢gs® < 0

= d.b<0

=(xi+3j — 7k)-(xi — xj + 4k)<O
= x?-3x-28<0

= (x-7) (x+4)<0

— XeR-(4,7) Ans.

22. Question

Mark the correct alternative in each of the following:

If 3 and b are two unit vectors inclined at an angle 8 such that| 3 +h |< 1, then

LF%)




.
p. =T

<0<

Answer

We know that,

If g and }, are two-unit vectors inclined at an angle 6
R 7}

|@+b| = |ZCOSE|

According to question,

|@+ b|<1

7}
= |2r:os§| <1

-1 g 1
=)?<COSE<E
21 8 =
— 37273

= Z<g<ZAns.
3 3
23. Question
Mark the correct alternative in each of the following:

Let 7. 1. ¢ be three unit vectors such that |a th+e |=1and a is perpendicular to {,. If ¢ makes angle a

and B 3 and b respectively, then cos a + cosp =

A —

b | e

@
[ Y]

C.

=

D. -1
Answer
We know that,
7 L2 T T T = 7 2 s [
|d+ b+ é| = lal> +[b|>+|c[*> +2d.b +2b.C + 22.d (M
Since,
d is perpendicular to
= 5.3=0

And according to question

We can rewrite equation (i) as

— 42 — — —
|@+ b+ €| = lal®> +|b]® + [c]>+ 0+ 2cos B + 2cos a

1=1+1+1+0+2(cos a + cosP)



— Cos a + cosB = -1 Ans.

24. Question

Mark the correct alternative in each of the following:

The orthogonal projection of 3 and b is

al”
o (5.0
b
a
C. —
Eln
b
D. —
|b[”
Answer

Key Concept/Trick: Magnitude of Projection of any vector g on b

is given by 3 b

Now, Since it is the magnitude or length(acgsg) we have to give the length a direction in the direction of
So, we multiply the projection by unit vector ofg

(_a’. p)-h which on simplification gives option B Ans.

25. Question

Mark the correct alternative in each of the following:

If © is an acute angle and the vector (Sill 9}1 +( COSB)] is perpendicular to the vector 1 — \E J then 6 =

A

oA

w
rJ.lH

0
=

pD. *
3

Answer

Since, the given two vectors are given as perpendicular their dot product must be zero

((s’m(—l)i+(cose)J) (i—-+v3j) =0

sinf —+3cosg =0



tang=./3
. . T
Since g is acute then, g=_ Ans
3

26. Question

Mark the correct alternative in each of the following:

If 3 and b be two unit vectors and 8 is the angle between them. Then 3 + b is a unit vector, if 8 =

A.

A

w
WA

Q]
(SR

[E]
A

3
Answer
We know that,
|a@+ §|=|Zcos§|
According to Question,
|@ + b|=1

2 8| 1
= |2cos-| =
2

g_1
= C05-—C
2 2

a
= — = —
2 3

-
3=£Ans.
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