Vector Algebra

Questionl

Two vectors a7 + b}' + kand 2; — 33 + 4k are perpendicular to each
other. When 3a + 2 b = 7, the ratio of a to b is 5. The value of z is
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Options:
A. zero
B.2

C. 1

D. 4

Answer: C

Solution:

Aza@+b}—|—l§:;§z2g—3§+4l§:

As the two vectors are perpendicular to each other

— —

. A-B=0
" 2a—3b+4=0
3a+2b=17 ...(given)

Solving for aand b, we get

value of x is 1
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Question2

The vector sum of two forces A and B is perpendicular to their
vector difference. Hence forces A and B are
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Options:

A.

perpendicular to each other.

B.

parallel to each other.

C.

unequal in magnitude.

D.

equal in magnitude.

Answer: D

Solution:

The sum of the two forces,

"_> — —

Fi=A+1B - (Z)

The difference of the two forces,

Fr=A-B .. (i)

Since sum of the two forces is perpendicular to their difference,
ﬁl * Fz - 0

= (A+B)-(A-B)=0

= A2 A.-B+B-A-B’=0
A’ = B? = |A| = |B]

Thus, the forces are equal to each other in magnitude.
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Question3

If |3 = V26, (8] = 7
G x bl =35,find G- b
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Options:
A. 4
B.5
C.6
D.7

Answer: D

Solution:

ja| = V26, b = 7

@ x b =35

G x b = |6|[b| sin 6
3% 5
V26 /26
b = |d||b| cos

= /26-7-cosd

sinf = L

cosf = v/1 — sin? —\/1—2—6 \/

a-Z:\/26-7-—_
V26

sinf =

Question4
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Vector A of magnitude 51/3 units, another vector B of magnitude of

10 units are inclined to each other at an angle of 30°. The magnitude

of vector product of the two vectors is [sin 30° = 7|
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Options:
A. 5v/3 units

B. 10 units

C. 254/3 units
D. 75 units

Answer: C

Solution:

We have

|A| =53, |B|=10, 6=30°
The magnitude of the cross product is
|A x B| = |A| |B|sin6.

Substitute the values:

|A x B| = (5+/3)(10)(sin 30°).
=50v3- &

= 25V/3.

Correct Answer: Option C: 25v/3 units

Question5

If P=bi + 63’ +k and é =7 — a}' +4k are perpendicular to
each other, also 3 b — a = 5. The value of ¢ and b is
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Options:

A.a=2, b=10

B.a=1,b=2
C.a=2,b=3
D.a=4,b=3
Answer: B
Solution:

We are given vectors:
P=bi+6j+k Q=i—aj+4k.
Step 1: Condition for perpendicularity

—

P.Q=0

(6)(1) + (6)(—a) + (1)(4) = 0
b—6a+4=0 = b—-6a=-4 = b=6a—4
Step 2: Given relation
3b—a=>5

Substitute b = 6a — 4:
3(6a—4) —a=5

18a —-12—-a =5

17a —12 =5

17a =17 = a=1

Step 3: Solve for b

b=6(1) —4=2

Final Answer:
a=1,b=2

Correct Option: B
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Question6

Given A= (2i—3j+k), B=(3i+j—2k) and
C=(3i+2j+k) (A+ B)-C will be
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Options:

A. 10

B.12¢

C. 18

D. 20

Answer: A

Solution:

(20 — 3]+ k)

(35 + j — 2k)

= (3i+2j+k)
+B=(2+3)i+(-3+1)j+(1-2)k

—=5i—2j—k

(A+B)-C=(5i—2j— k) (3i + 2] + k)
—15—-4-1

=10

> QU Tt oy

Question7

Given A= (2i—3j+k), B=(3i+j—2k) and
C=(3i+2j+k) (A+ B)-C will be
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Options:
A. 10
B.12c
C. 18
D. 20

Answer: A

Solution:

We’re asked to compute something involving vectors:
A=(2i-3j+k), B=(3i+j—2k), C=(3i+2j+hk).
Expression: (]{ +B)- C.

Step 1. Add A and B:
A+B=(2+3)i+(-3+1)j+(1—2)k=5i—2j— k.

So A+ B=(5-2,-1).

C = (3,2,1).

Step 2. Dot product:

(A+B)-C=(5)3) + (-2)(2) + (-1)(1) =15 — 4 — 1 = 10.
Final Answer:

(A+B)-C =10

So the correct option is A. 10.

Question8

A unit vector in the direction of resultant vector of

—

A=-21+3)j+kand B=1+ 2] —4kis
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Options:
—3i+j+5k
A7
i+25—4k
B. YA
—2i+3j+k
C =%
—i+5j—3k
D. =05
Answer: A
Solution:
We are asked:

A unit vector in the direction of the resultant vector of
A=-2i+3j+k B=i+2j— 4k
Step 1: Find the resultant

—A+B=(-241)i+(3+2)j+ (1—4)k=(-1)i + 5] — 3k

=]}

Step 2: Magnitude of R

IR = /(-1)2+ 52+ (=3)2 =1+ 25+ 9 =+/35.

Step 3: Unit vector in the direction of R

- R —i+5j—3k
R| V35

Final Answer:

Option D

—i+5j-3k
V35
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Question9

The three vector A = 37 — 27 + k B=i-— 37 + 5k and
C=2i— 7 + 4k will form
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Options:

A. isosceles triangle.

B. equilateral triangle.

C. no triangle.

D. right angled triangle.

Answer: C

Solution:

Bl = /12 + (-3)2 +52 = VI 9+ 25 = v/35
|C|=\/22+( 1)24+42=+v4+1+16=+21

.. The three vectors do not form an equilateral or isosceles triangle because none of the sides have equal
lengths.

A-B=(3)(1) + (-2)(-3) + (1)(5)
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None of the sides of the triangle are perpendicular to each other, as the dot product of any pair of vectors is
not zero.

If the vectors are coplanar, then they will form a triangle (unless any one of them is parallel to each other)

For three vector$4o be coplanat, sc4Bar trifile fifoduct should be zero.

T Ay Az
A-(BxC)='B, By B,)='1 -3 5 =-28
c. Cy C, 2 -1 4 A'B
Since the scalar triple product is non-zero ( -28 ), the vectors , and C are not coplanar and hence do not
form a triangle.
Questionl(
Three vectors are expressed asa — 47 — j,b = —3i + 2jand ¢ = —k.

The unit vector along the direction of sum of these vectors is
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Options:

1 ° ° ~
.—(1 k
D. —=(i+]+k)
Answer: A
Solution:
F=G+b+c=4i—j—3i+2j—k
—i+j—k
LT i+j—k i+5—k
Il 1T (—1)2 V3
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Questionll

fA=i+j+3kB=—i+j+4kandC =2i— 2] — 8k, then the
- = =5 = = = =
angle between the vectors P = A + B+ Cand Q = (A x B) is (in

degree)

MHT CET 2025 20th April Morning Shift

Options:
A. 0°

B. 45°
C.90°
D. 60°

Answer: C

Solution:

P=A+B+C
=i +j+3k—i+j+4k+2 — 258k

- .
P=2i—-k
- = = 1§ k
Q=AxB=|1 1 3
-1 1 4
—i(4—3)—j4+3)+k(1+1)
= . . .
Q=1i—-Tj+2k
Angle between Pand é is given by
=
p-Q
cosf = —
P[IQ]
(21 —k)- (i—17) + 2k)
V(2)2+(0)2 4 (1)2- /(1)2 4 (7)2 + (2)?
cosd =085
0 =90
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Question12

The resultant of two vectors A and B is C. If the magnitude of Bis
doubled, the new resultant vector becomes perpendicular to A, then

%
the magnitude of C is
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Options:

A.4B

B.3B

C.B

D.2B

Answer: C

Solution:

A+rB=C A
C? = A2+ B>+ 2ABcos0 . (7)
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Bsinf
A+Bcosf

and tana =

When B is doubled, resultant is perpendicular to A

o0} =A?+4B* + 4ABcosf ()

From right angled triangle PSR

(2B)? = C2 + A?
C} =4B* — A®

Substituting in (ii) and solving,
A? +2ABcosf =0 ... (i7)

Substituting (iii) in (i), C = B

Question13

The angle subtended by the vector A = 4i + 3j + 12k with the X-
axis is
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Options:
A.cos7! ()

B.sin~! (1—33)
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C.sin! (1%)

D. cos! (%)

Answer: D

Solution:
Given, A = 4i + 3j + 12k

AISO,A:Ax+Ay+AZ
= A, =4

The angle subtended by vector A with X-axis is

cos ¢ = A = 4
Al Va2 32122
cos ¢ = %
¢ = cos ! <%>
Question14

What is the angle between resultant of A + B and A x B.

MHT CET 2020 19th October Evening Shift

Options:
A. mrad
B. 0°

C. Trad
D. Srad

Answer: D
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Solution:

The vector (A + B) will be in plane containing vector A and vector B.
Vector (A x B) will be perpendicular to the plane containing vector A and B.

Thus, the angle between (A + B) and (A x B) is 90° or Zrad.

Alternate solution

(A+ B)-(Ax B)=|A+ B||A x B|cosa
A-(AxB)+B-(AxB)=|A+ B||A x B|cosax
0+0=|A+ B||A x B|cosa

= cosa=10

a = 90° or %rad

Question15

The z, y components of vector P have magnitudes 1 and 3 and z, y
components of resultant of P and Q have magnitudes 5 and 6,
respectively. What is the magnitude of Q ?
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Options:
A.S5
B.4
C.3
D.2

Answer: A

Solution:

Given :
P=i+3j

Resultant :
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R=5i+6j=P+Q

Let's find the components of vector Q :
=Q=R-P

Q = (5i+6j) — (i+3))
Q=4i+3j

To find the magnitude of Q :

Q= +v(4)*+(3)*

Q= V619

Q| =25

|Q| = 5 units
Questionl6

The resultant of two vector A and B is C. If the magnitude of B is
doubled, the new resultant vector becomes perpendicular to A.
Then, the magnitude of C is

MHT CET 2020 16th October Evening Shift
Options:

A.2B

B.B

C.3B

D. 4B

Answer: B

Solution:

Given, A+ B =C

Resultant of A and B is
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IC| = +/|A]2 + |BJ? + 2|]A||B|cosf ... (i)

When magnitude of B is doubled, new resultant (R) is perpendicular to A.

IRi|-A=0
|A+2B|-A =0
|A|* + 2|A||B|cosf =0
—|A
cosf = L
2|B|

Substituting this value in Eq. (i), we get

N
€1 = /1Al + | + 2148 (3}

= C]? =|A] - |A]* + |BJ?
C|* = BJ?
|C| = |BlorC = B

Questionl7

Two vectors of same magnitude have a resultant equal to either of
the two vectors. The angle between two vectors is
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Options:

Answer: A

Solution:

Let's consider the two vectors to be A and B, each with magnitude a. According to the question, the
magnitude of the resultant vector is equal to the magnitude of either of the two vectors, i.e., resultant vector
R =a.
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To calculate the angle between the two vectors, we can use the cosine rule for vectors, which gives us the
magnitude of the resultant vector R in terms of the magnitudes of A and B and the angle 6 between them:

R?>= A2+ B2+ 2ABcosf

Given that A = B = a and R = a, our equation becomes:
a®>=a*+a’>+2a-a-cosf

Simplifying it, we get:

a’ = 2a% + 2a%cos @

0 = a® + 2a®cos 0

—1=2cosf

Solving for cos 6:

__1
cosf = —3

The angle # whose cosine is —% is cos~}(—0.5). Therefore, the correct answer is:

Option A: cos~1(—0.5)

Questionl8

The vectors (A + B) and (A — B) are at right. angles to each other.
This is possible under the condition
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Options:

A. |A| = |B]

B.A-B=0

C.A-B=1

D.AxB=0

Answer: A

Solution:

Vectors (A + B) and (A — B) are at right angle to each other, therefore
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(A+B)-(A-B)=0
A-A+B-A-A-B-B-B=0
|A| + BAcos§ — ABcosf — |B|> =0
[AJ? = |BJ?

Hence, |A| = |B|

Question19

A vector P has X and Y components of magnitude 2 units and 4
units respectively. A vector () along negative X-axis has magnitude 6
units. The vector (Q — P) will be
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Options:

A. 4(2i —j)

B. —4(2i — )

C. 4(2i +))

D. —4(2i + ))

Answer: D

Solution:
According to question, vectors P and Q can be written as
P = 2i+4j
and Q= —6i
. Q—P =—6i— (2i+4j)
= —8i—4j=—4(2i+))

Question2(
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P and Q are two non-zero vectors inclined to each other at an angle
'0'.'p'and ' q' are unit vectors along P and Q) respectively. The
component of Q in the direction of Q will be
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Options:
A.P-Q
B. £x¢

P
P-
C "
D.p-q

Answer: A

Solution:

Let two vectors P and Q are represented by graph as below

Q

Qp

Here, Q, is a vector in the direction of P.

Then, from the right angle triangle, we get
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cosf = % .. (1)
= Qp=Qcosb
PQ_ & PQ
PQ Q PQ
P-Q ..
— ... (1)

Also, cosf =

:>Qp:P

As given that, P is the unit vector along P, then
P=2X . (i)
Putting the value of P from Eq. (iii) to Eq. (i1), we get

Qp:pQ

Question21

The resultant R of P and Q is perpendicular to P. Also |P| = |R|.
The angle between P and Q is [tan 45° = 1]
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Options:
A2
7
B. T
C.
D. 3T
Answer: D

Solution:

Given that R is resultant of P and Q as shown in the figure below,

BC=P,CA=QandBA =R
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Given, BA and BC are perpendicular and equal in magnitude.

So, from property of triangle,

/ACB = 45°

Now, BC has to be extended up to D so, that CD = P

Now, CD and CA have the initial point C, so the angle between CD and CA;
= 180° — 45° = 135° = 3¢

So, angle between P and @ is 3%.

Question22

If \/ A2 + B2 represents the magnitude of resultant of two vectors
(A + B) and (A — B), then the angle between two vectors is
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Options:

1 [ 2(4*-B?
A. cos 1 _—w}
B. cos™! —%]

C.cos ! (AP ]

| 2(42-B?)

[ (a-BY)
D. cos _— AT BT
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Answer: C

Solution:
As we know that the magnitude of the resultant of two vectors X and Y,
R?2=X2+4+Y?2+2XYcosO ..(>1)

where, 0 is the angle between X and Y.

Putting,
X=(A+B)
Y=(A-B)

and R =+/A?+ B?inEq. (i), we get

A+ B*=(A+B)>+(A—B)>+2(A+ B)(A— B) cosf

= A2+ B?= A%+ B2 +2AB+ A?

+ B* - 2AB + 2 (A? — B?) cosf
— (42 + BY)

?W:COSO
(42 + )

~2(A2 - B?)

we get, 6 =cos !
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