23. Algebra of Vectors

Exercise 23.1

1. Question

Represent the following graphically:

i. a displacement of 40 km, 30° east of north
ii. a displacement of 50 km south - east

iii. a displacement of 70 km, 40° north of west.
Answer

i. a displacement of 40 km, 30° east of north

Step 1: Draw north, south, east and west as shown below:

N

=

Step 2: Plot a line QP 30° east of north as shown below:

30

Step 3: Define scale and mark 40km on line pp

Let the scale be 10km = 1cm



o

.. OP represents the displacement of 40 km, 30° East of North

ii. a displacement of 50 km south - east

Step 1: Draw north, south, east and west as shown below:

8

S

Step 2: As the displacement should be south - east, the angle between the displacement and east (or south)
will be 45°. Now, plot a line P 45° east of south as shown below:

N

S

Step 3: Define scale and mark point R such that OR = 50km on lineOp. Let the scale be 10km = 1cm



Scale
45" —
10 km
Skm

. OR represents the displacement of 50 km south - east

iii. A displacement of 70 km, 40° north of west.

Step 1: Draw north, south, east and west as shown below:

Step 2: Plot a line QP 40° north of west as shown below:

M

Step 3: Define scale and mark point R such that OR = 70km on line oB.Let the scale be 10km = 1cm



70km 10 km

. OP represents the displacement of 70 km, 40° north of west

2. Question

Classify the following measures as scalars and vectors :
i. 15 kg

ii. 20 kg weight

iii. 45°

iv. 10 meters south - east

V. 50 m/sec?

Answer

i. 15 kg - is a scalar quantity as this involves only mass. A scalar quantity is a one - dimensional
measurement of a quantity, like temperature, or mass.

ii. 20 kg weight - is a vector quantity as it involves both magnitude and direction. Weight is a force which is
a vector and has a magnitude and direction.

iii. 45° is a scalar quantity as it involves the only magnitude. A scalar quantity is a one - dimensional
measurement of a quantity, like temperature, or mass.

iv. 10 meters south - east is a vector quantity as it involves both magnitude and direction.

v. 50 m/sec? is a scalar quantity as it involves a magnitude of acceleration. A scalar quantity is a one -
dimensional measurement of a quantity.

3. Question

Classify the following as scalars and vector quantities:
i. Time period

ii. Distance

iii. Displacement

iv. Force

v. Work

vi. Velocity

vii. Acceleration

Answer



i. Time period - is a scalar quantity as it involves only magnitude. A scalar quantity is a one - dimensional
measurement of a quantity. Eg: 10 seconds has only magnitude, i.e., 10 and no direction.

ii. Distance - is a scalar quantity as it involves only magnitude. A scalar quantity is a one dimensional
measurement of a quantity. Eg: 5meters has only magnitude 5 and no direction.

iii. Displacement - is vector quantity as it involves both magnitude and direction. Vector quantity has both
maghnitude and direction.

iv. Force - is a vector quantity as it involves both magnitude and direction. Vector quantity has both
magnitude and direction. Eg., 5N downward has magnitude of 5 and direction is downward.

v. Work done - is a scalar quantity as it involves only magnitude and no particular direction. A scalar
quantity is a one dimensional measurement of a quantity.

vi. Velocity - is a vector quantity as it involves both magnitude as well as direction. Vector quantity has both
maghnitude and direction. Eg., 5m/s east has magnitude of 5m/s and also direction towards east.

vii. Acceleration is a vector quantity because it involves both magnitude as well as direction.
4. Question

In fig 23.5 ABCD is a regular hexagon, which vectors are:

Fig. 23.5

i. Collinear

ii. Equal

iii. Cointitial

iv. Collinear but not equal.
Answer

i. Collinear

Two or more vectors that lie on the same line or on a parallel line to this are called collinear vectors. Two
collinear vectors may point in either same or opposite direction. But, they cannot be inclined at some angle
from each other.

Hence FE (%), AD (Z) and BC (p) are collinear vectors.
And also AF (y’) and CD (&) are collinear vectors.
And AB (3) and ED (g) are collinear vectors.

ii. Equal

Equal vectors are vectors that have the same magnitude and the same direction. Equal vectors may
start at different positions.

Hence AF (?) and CD (¢) are equal vectors.
And also FE ) and BC () are equal vectors.
And AB (3) and ED (g) are equal vectors.

iii. Co - initial

Any given two vectors are called co - initial vectors if both the given vectors have the same initial point.



Hence, AB (3), AF (y) and AD (z) are co - initial vectors.
iv. Collinear but not equal.

And AD (%) and BC (p) are collinear but not equal vectors.
And AD (z) and FE () are collinear but not equal vectors

5. Question

Answer the following as true or false:

i a and q are collinear.

ii. Two collinear vectors are always equal in magnitude.

iii. Zero vector is unique.

iv. Two vectors having same magnitude are collinear.

v. Two collinear vectors having the same magnitude are equal.

Answer

i. @ and 3 are collinear. (True)

Two or more vectors that lie on the same line or on a parallel line to this are called collinear vectors.

3 and 3 are collinear.

ii. Two collinear vectors are always equal in magnitude. (False)

Two or more vectors that lie on the same line or on a parallel line to this are called collinear vectors. Two
collinear vectors may point in either same or opposite direction. And they are not necessarily equal in
magnitude they can be of different magnitude also.

iii. Zero vector is unique.(True)
There is only one zero - vector in a vector space. Hence zero vector is unique.
iv. Two vectors having same magnitude are collinear. (False)

It is not necessary for two vectors having the same magnitude to be parallel to the same line. Hence two
vectors having same magnitude need not be collinear.

v. Two collinear vectors having the same magnitude are equal.(False)

Two vectors are said to be equal if they have the same magnitude and direction, regardless of the positions
of their initial points.

Exercise 23.2
1. Question

If P, Q and R are three collinear points such that pQ) =3 and QR = b. Find the vector PR .

Answer
e O O
P Q R

As P, Q and R are three collinear points.

Hence, PR = PQ + QR as shown in above fig
And given PG = 3and QR = b.

Therefore PR = PQ + QR = i+ b



2. Question

Give a condition that three vectors 5 1_3 and E form the three sides of a triangle. What are the other
possibilities?

Answer

Given that, 3  and ¢ are three sides of a triangle.

B b C

Hence from the above figure we get,

AB =3, BC=pand AC=¢
Soi+b+¢=AB+BC+ CA=AC+CA
[since AB + BC = AC]

= AC — AC = 0[Since CA = - AC]

Triangle law says that, if vectors are represented in magnitude and direction by the two sides of a triangle is
same order, then their sum is represented by the third side took in reverse order. Thus,

i+b—-¢ori+é—-borb+¢— -3
3. Question

If g and E are two non-collinear vectors having the same initial point. What are the vectors represented by
2. b anda—b.

Answer

Given 3 and b are two non - collinear vectors having the same initial point.
Let AB = 3and AD = b

Let us draw a parallelogram with AB and AD as any of the two sides of the parallelogram as shown below.

We know in parallelogram opposite sides are equal hence,
DC = 3andBC = b

Now consider AABC, applying triangles law of vectors, we get
AB+BC=AC=3+Db=AC.....0)

Similarly in AABD, applying triangles law of vectors, we get

—

AD + DBE= AB=3+ DB=b=3—b = DB.......... (ii)



Looking at the two equations (i) and (ii) we can conclude that
I+ f]. and 3 — f]. are the diagonals of a parallelogram whose adjacent sides are g and f]
4. Question

If is a vector and m is a scalar such that m 4 = (). then what are the alternatives for m and 3 ?

Answer

Given 3 is a vector and m is a scalar such that ;m3 = 0
Let3 = a, 1 + b, j + c,kthen according to the given question

m3 = 0

=>m(a, i+ b,j+ c,k) = 01+ 0] + 0k

= (ma,i + mb,j + mc,k) = 0i + 0j + 0ok
Compare the coefficients of{,j,k, we get
ma;=0=>m=0o0ra; =0

Similarly, mb; =0=>m=00rb; =0

And, mc;=0=>m=00rc; =0

From the above three conditions,
m=0ora;=b;=¢;=0

>m=00rd =a,i+b,j+ck=0i+0j+0k=0
Hence the alternatives formanddarem=0or3 = 0

5 A. Question

If 5 1 are two vectors, then write the truth value of the following statements :

a=—-b=

a

-[o
Answer

—

Given:3 = — b

~

Letd = a, i+ b, ]+ c;kandb = a, 1 + b,§ + ¢,k
So according to the given criteria,

i=-b

=a;i+bj+ck=—(a,i+b,j+ k)

=>a, i+ byj+ck=—-ai-b,j—ck

Compare the coefficients of{,j, k, we get

a; =ay, by=byandc; = cy.......... (i)

and ] = V2T + B + 7

Substitute the values from eqgn (i) in above eqn we get



3] = (=2;)% + (-b;)? + (—¢;)?

= 3] = vﬁ(az)z + (b;)? + (c,)?

But, [b = (@) + (5.7 + (<)
Hence [3] = |b|
Therefore, 3 = —b= [3] = |b|

5 B. Question

If 55 are two vectors, then write the truth value of the following statements :
‘a‘:|b‘:>a ==b

Answer

Given: |3| = [b]

It means the magnitude of the vector 3is equal to the magnitude of the vectorE’, but we cannot conclude
anything about the direction of the vector.

So it is false that |3| = |ﬁ| =3 = +b

5 C. Question

If 54 1 are two vectors, then write the truth value of the following statements :

\5\ =|5\:>£ b
Answer
Given: |3| = |b]

It means the magnitude of the vector dis equal to the magnitude of the vectorE’, but we cannot conclude
anything about the direction of the vector.

And we know that3 = b means magnitude and same direction. So, it is false that [3] = |E| >3 =b
6. Question

ABCD is a quadrilateral. Find the sum of the vectors BA BC.CD and DA .

Answer

Given: ABCD is a quadrilateral as shown below

Consider AADC and apply triangle law of vector, we get
CD + DA = CA....(D)

Similarly, consider AABC and apply triangle law of vector, we get



BC + CA = BA.....(ii)

Substituting the value of Ca from egn(i) into eqn(ii), we get

= BC + CD + DA + BA = 2BA

Hence sum of the vectors BA, BC, CD and DA is 2BA
7 A. Question

ABCDE is a pentagon, prove that
AB+BC+CD+DE+EA =0

Answer

Given: ABCDE is a pentagon as shown below

E

B

Consider AABC and apply triangle law of vector, we get

AB + BC = AC.....(I)

Similarly, consider AACD and apply triangle law of vector, we get
AC + CD = AD.....(ii)

And, consider AADE and apply triangle law of vector, we get
AD + DE = AE.....(ii)

Adding (i), (ii) and (iii), we get

AB + BC + AC + CD + AD + DE = AE + AD + AC

— AB + BC + CD + AD + DE — AE + AD

= AB + BC + CD + DE = AE

= AB + BC + CD + DE = —FA [as AE = —EA]

-AB +BC+CD+DE+EA=0

Hence proved

7 B. Question

ABCDE is a pentagon, prove that



AB+AE+BC+DC+ED+AC=3AC
Answer

Given: ABCDE is a pentagon as shown below

E
A/\D
B C

Consider AABC and apply triangle law of vector, we get

AB + BC = AC.....(I)

Similarly, consider AADE and apply triangle law of vector, we get
AE + ED = AD.....(ii)

And, consider AADC and apply triangle law of vector, we get
AD + DC = AC.....(iii)

Adding (i), (ii) and (iii), we get

AB + BC + AF + ED + AD + DC = AC + AD + AC

= AB + BC + AE + ED + DC = AC + AC

Add AC on both sides we get,

= AB + BC + AE + ED + DC + AC = AC + AC + AC

= AE + BC + AE + ED + DC + AC = 3AC

OrAB + AE + BC + DC + ED + AC = 3AC

Hence proved.

8. Question

Prove that the sum of all vectors drawn from the centre of a regular octagon to its vertices is the zero vector.
Answer

Given: a regular octagon

To prove the sum of all vectors drawn from the centre of a regular octagon to its vertices is the zero vector
Proof:

Let O be the centre of a regular octagon, we know that the centre of a regular octagon bisects all the
diagonals passing through it as shown in figure below



Thus,
OA = —OE,0B = —OF,0C = —0G,0D = — OH....(I)

The sum of all vectors drawn from the centre of a regular octagon to its vertices is

—

OA + OB + OC + OD + OF + OF + 0G + OH

Substitute the values from eqgn(i) in above egn, we get

—

OA + OB + OC + OD + OF + OF + 0G + OH

—_—

= —OE—-OF-0G—O0H + OE + OF + 0G + OH
=0
Hence, the sum of all vectors drawn from the centre of a regular octagon to its vertices is a zero vector.

Hence, proved.

9. Question

If P is a point and ABCD is a quadrilateral and AP = PB + PD = PC. show that ABCD is a parallelogram.
Answer

—

Given a quadrilateral ABCD, P is a point outside the quadrilateral and AP + PE + PD = PC

P

AP + PE + PD = PC [given]

—

Or, AP + PE = PC— PD



Consider AAPB and apply triangle law of vector, we get

AP + PB = AB ..... (ii)

And consider ADPC and apply triangle law of vector, we get
DP + PC = DC..... (iii)

Substitute the values from eqn(ii) an eqgn(iii) in eqn(i), we get
AB = DC

Therefore, AB is parallel to DC and equal is magnitude.
Hence, ABCD is a parallelogram.

Hence proved

10. Question

Five forces and AB. AC.AD.AE and AF act at the vertex of a regular hexagon ABCDEF. Prove that the

resultant is 6 A(). where O is the centre of hexagon.

Answer

Given a regular hexagon ABCDEF with O as the centre of the hexagon as shown in figure below

B
Toprove AB + AC + AD + AE + AF = 6A0
We know that centre O of the hexagon bisects the diagonals
*,2A0 = AD,BO = —OE,CO = —OF ......... (i)
Consider AABO and apply triangle law of vector, we get
AB + BO = AO = AB = A0 —BO .....(ii)
And consider AACO and apply triangle law of vector, we get
AC + CO = A0 = AC = A0 — CO .....(iii)
And consider AAEO and apply triangle law of vector, we get
AE + EO = A0 = AE = A0 —EO.....(iv)

And consider AAFO and apply triangle law of vector, we get



AF + FO = AG = AF = AO—FO.....(v)

Now,

AB + AC + AD + AE + AF

Substitute the corresponding values from eqn(i) to eqn(v) in above eqn, we get
= A0O—BO + A0 —CO + 2A0 + A0 —EO + AO —FO

— A0 —OF + AG — OF + 2A0 + AGC — EG + AC — FO [from eqn(i)]

= A0 + EO + AO + FO + 2A0 + A0 —EO + AO—FO[asEQ = —OE and FG = —OF]
— AOC + AC + 2A0 + AO + AO

= 6AO

Hence AB + AC + AD + AE + AF — 6A0

Therefore the resultant of the five forces AB, AC, AD, AE and AF is 6A0

Hence proved

Exercise 23.3

1. Question

Find the position vector of a point R which divides the line joining the two points P and Q with position
vectors OP =2a + b and @ —a — 2. respectively in the ratio 1 : 2 internally and externally.
Answer

Let the position vectors of points P, Q and R bep, g and 1 respectively.

Giveng — 0P =23i+bandG=0g =3 —2b

(i) R divides PQ internally in the ratio 1:2

1 2
P R Q
®) @ (@)

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and E’ respectively, internally in the ratiom : nis

.
mb + nd
m + n

=l

Here, m=1and n = 2.

(DG + (2)p

ST
L, G+ 2p
=T =

3

We havep =23 +pbandg =3 —2b




(1+4)3+(-2+2)b
3

-
=T=

= 5—3
~T=-3a
3

Thus, the position vector of point R is 23.
3

(ii) R divides PQ externally in the ratio 1:2

2
R 1 P Q
) () (q)

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and j, respectively, externally in the ratiom : n is

P —
5= mb — na
m-—n

Here, m=1and n = 2.

(D3 — (2)p

=T=
1 -2
. G- 2p
=T=
-1
=T=2p—-q

We havep =23 +bandg=3-2b
=7=2(23 + b)— (3 — 2b)

»T=(4-13 + (2+2)b

~T=33+4b

Thus, the position vector of point R is 33 + 4p.
32. Question

Let 5. b.c.d be the position vectors of the four distinct points A, B, C, D. If  — g = ¢ — (. then show that
ABCD is a parallelogram.

Answer

Given the position vectors of points A, B, C and D areg, i, ¢ and g respectively.

A (@) D(d)

B(b) c(d)
Recall the vector aR is given by

AB = position vector of B — position vector of A



-AB=b-3
Similarly, the vector D¢ is given by
DC = position vector of C — position vector of D

.
=c—d

2l

=
But, it is given thaty —3 — ¢— 4

= AB =DC

Two vectors are equal only when both their magnitudes and directions are equal.
~ B || B and [4B] = [B¢|

This means that the opposite sides in quadrilateral ABCD are parallel and equal.

Thus, ABCD is a parallelogram.

3. Question

If 5.b are the position vectors of A, B respectively, find the position vector of a point C in AB produced such
that AC = 3 AB and that a point D in BA produced such that BD = 2 BA.

Answer

Given the position vectors of points A and B are3 and j,.

Let the position vectors of points C and D beg and .

D A B c

@ @ (5 @
We have AC = 3AB.
From the above figure, observe AB = AC - BC
= AC = 3 (AC - BC)
= AC = 3AC - 3BC
= 2AC = 3BC
~AC:BC=3:2
So, C divides AB externally in the ratio 3:2.

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and E’ respectively, externally in the ratiom : nis

g —

I_j_ mb — na

m —n
Here, m=3andn=2

So, the position vector of C is

. 3b— 23
‘=32

. —23i+3b
=>c=f



We also have BD = 2BA.

From the figure, observe BA = BD - AD

= BD =2 (BD - AD)

= BD = 2BD - 2AD

= BD = 2AD

~“BD:AD=2:1

So, D divides BA externally in the ratio 2:1.

We now use the same formula as earlier to find the position vector of D.

Here, m=2andn=1

i 23— b
== =
2 - 1
; 23— b
= =
1
~d=23i-b

Thus, the position vector of point C is _93 4+ 3p and the position vector of point D is 23 — §.
4. Question

Show that the four points A, B, C, D with position vectors g_h_c.d respectively such that

3a—2b+5c—6d = 0. are coplanar. Also, find the position vector of the point of intersection of the line
segments AC and BD.

Answer

Given the position vectors of points A, B, C and D are3, i, ¢ and { respectively.
We have 33 — 2b + 5¢ — 6d = 0

Rearranging the terms in the above equation,

33 + 5¢ = 2b + 6d

Observe that the sum of coefficients on the LHS of this equation (3 + 5 = 8) is equal to that on the RHS (2 +
6 = 8).

We now divide the equation with 8 on both sides.
33+ 5¢C 2b + 6d
8 8

=

33+ 5¢ 2b + 6d
3+5 246

Now, consider the LHS of this equation.

Let 233+5¢ _ = the position vector of some point X.
3I+53



B(b) A @

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and p, respectively, internally in the ratiom : nis

. mb + nd

P="m+n

Here, m=3andn =5

So, X divides CA internally in the ratio 3:5.

Similarly, considering the RHS of this equation, we have the same point X dividing DB in the ratio 2:6.

So, the point X lies on both the line segments AC and BD making it the point of intersection of AC and BD.

As AC and BD are two straight lines having a common point, we have all the points A, B, C and D lying in the
same plane.

Thus, the points A, B, C and D are coplanar and in addition, the position vector of the point of intersection of

line segments AC and BD is 33+3€ or 2b +6d,
g 3

5. Question

Show that the four points P, Q, R, S with position vectors I}El{g respectively such that

5}_3 — 2(_1 +67 —95 = (. are coplanar. Also, find the position vector of the point of intersection of the line
segments PR and QS.

Answer

Given the position vectors of points P, Q, R and S aregp, q, ¥ and 5 respectively.
We have 55 — 24 + 6T — 95 =0

Rearranging the terms in the above equation,

5p + 6F = 2q + 95

Observe that the sum of coefficients on the LHS of this equation (5 + 6 = 11) is equal to that on the RHS (2 +
9 =11).

We now divide the equation with 11 on both sides.
5p + 6 24 + 95
= =
11 11
5p + 6 24 + 95
5+6 2+9

Now, consider the LHS of this equation.

Let 3E*€T _ = the position vector of some point X.
3+6



a(d) 6D
Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3

and E’ respectively, internally in the ratiom : nis

o mb + n3

P="m+n

Here, m=5andn =26

So, X divides RP internally in the ratio 5:6.

Similarly, considering the RHS of this equation, we have the same point X dividing SQ in the ratio 2:9.
So, the point X lies on both the line segments PR and QS making it the point of intersection of PR and QS.

As PR and QS are two straight lines having a common point, we have all the points P, Q, R and S lying in the
same plane.

Thus, the points P, Q, R and S are coplanar and in addition, the position vector of the point of intersection of

line segments PR and QS is 2P gr 29+ 9
11 11

6. Question

The vertices A, B, C of triangle ABC have respectively position vectors 5 EE with respect to a given origin O.

= Pb+yc

Show that the point D where the bisector of ZA meets BC has position vector d = _ where [3 = |E —5‘

B+y
i

and y= ‘a —b‘.

Answer

Given the position vectors of vertices A, B and C of AABC areg’E’ and ¢ respectively.

D is point on BC with position vector § such that AD is the bisector of ZA. | is the incenter of AABC.

A (@)

8(b) D(d) c@
Observe from the figure that D divides BC in the ratio BD:DC.

Using the angular bisector theorem, we know that the angle bisector of an angle in a triangle bisects the
opposite side in the ratio equal to the ratio of the other two sides.



BD AB
= —=—
DC AC

But, AR = |FTB1 and AC = |Hf|

BD |AB]
= = =
DC |AC|

Recall the vector AR is given by

AB = position vector of B — position vector of A
-AB=b-3

Similarly, AC=¢ -3

So, we have BD _ [E-b|
DC |e -3

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and p, respectively, internally in the ratiom : nis

.
mb + nd

I—]’_
m + n

Here, we have D dividing BC internally in the ratio m:n where m = BD = |§’ — B’| andn=DC=|¢ — 3|

o [F-bjg+2-3b
=>d= = I =+ =
|z — b| + |E — 3l

~ ¢ —3b+ |3 - ble
=d= = = - =
|¢ — 3 + |3 - bl

Suppose |¢ —3| = g and |3 - B| =y

B+y
From angular bisector theorem above, we have% = E.

Adding 1 to both sides,

BD+1 AB+1
DC TAC

BD + DC AB + AC
DC ~ AC
BC AB + AC
= —=————

DC AC

AC AB + AC
= —=—————

DC BC

=

In addition, as Cl is the angular bisector of £LC in AACD, using the angular bisector theorem, we have

ID CD Al AC
e —
Al AC ID DC
AB + AC
BC

So, we get Al _
D

We have gAB — |3 — b|,Bc=|b — & and ac = |¢ — F]



Al AB+AC_|§’—E’|+|E—§|
DD BC b - ¢

Assume |E’ -t =a
Al B +vy
= — =
ID o
So, | divides AD in the ratio (B + y):a.

Let the position vector of | be %.
Using the aforementioned section formula, we can write
(B +y)d + @

—

X =

+y+a
But, we already found g = B2+ Y€,
B+y
Bb + yt o
+ v + oa
=X=
B+vy+ta
_ Pb +yE + a3
=2f=—"
B+vy+ta
. a3 + pb +ye
=
a+ B+ y
Thus, d = B2*Y< and the position vector of the incenter is S2*E2 Y where o — |E’_ ¢ p=|¢—3land
B+y x+pBEy
=|a—b|

Exercise 23.4
1. Question

If O is a point in space, ABC is a trlangle and D, E, F are the mid- pomts of the sides BC, CA and AB
respectively of the triangle, prove that OA OB OC OD OE OF

Answer

Let position vectors of the vertices A, B and C of AABC with respect to O be 3, j; and ¢ respectively.

—

= 0A—=30B=band0OC =

Let us also assume the position vectors of the midpoints D, E and F with respect to O are{, & and j
respectively.

= 0D —d,0E—=8and OF = f
Ad)
F(f) E(€)
B(B) D(d) c(@

Now, D is the midpoint of side BC.



This means D divides BC in the ratio 1:1.

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3

and E’ respectively, internally in the ratiom : nis

-
mb + nd
m + n

=1

Here, m=n=1

(1)E + (Db

a’:
= 1+1
i b+ ¢
=a=7
~b+é=2d

Similarly, for midpoint E and side CA, we get¢ + 3 = 28 and for midpoint F and side AB, we get3 + | = 2}-

Adding these three equations, we get
b+é+c+3+3+b=2d+28+2f
= 23+ 2b + 28 = 2d + 28 + 2f
»2(E+b+8)=2(d+E+1)
~3i+b+i=d+E+f]

Thus, DA + OB + OC = OD + OE + OF-

2. Question

Show that the sum of the three vectors determined by the medians of a triangle directed from the vertices is

zZero.

Answer

Consider a AABC with D, E and F being the midpoints of sides BC, CA and AB respectively.

Let the position vectors of these vertices and midpoints be as shown in the figure.

—

We need to prove A + BE + CF = 0-

A(@)
0 £®
5(5) o(d) c@
As D is the midpoint of BC, using midpoint formula, we have
i b+ ¢
2
Similarly, g = E;’E andf = E: b,

Recall the vector z[ is given by



AD = position vector of D — position vector of A
—AD=d-3
Similarly, BE= g —pand CF=f—2¢

Now, consider the vector AD + BE + CF-

Butab_E+E E_c+aandf_§+b
2 - 2 T2
e — _— (b+E _\ [&+3F 2\ [i+b
= AD+BE + CF = —al+ —b|+ —C
2 2
e — _. (b+g—23\ (¢+3-—2b\ [A+b-—2¢
= AD +BE +CF = + +
2 2 2
. . ., b+Et-2a+E+3—-2b+3+b-2
= AD +BE + CF = 5

~AD+BE+CE=10

Thus, the sum of the three vectors determined by the medians of a triangle is zero.

3. Question

ABCD is a parallelogram and P is the point of intersection of its diagonals. If O is the origin of reference, show
that OA + OB +OC +OD =4 OP.

Answer

= —

Let position vectors of the vertices A, B, C and D of the parallelogram ABCD with respect to O be3, i, ¢ and g
respectively.

= 0A=30B=0b0C=cand0D=4d

Also, let us assume position vector of P is 5.

A (@) D(d)

=]

®
8(p) c(©)

Given ABCD is a parallelogram.
We know that the two diagonals of a parallelogram bisect each other. So, P is the midpoint of AC and BD.
As P is the midpoint of AC, using midpoint formula, we have

a+é
2

=1

4

WP=d+e



S3+E=25

P is also the midpoint of BC.

=4

SO:TJ’:E; $E’+H’=2;‘i

Now we have 3 + ¢ = 2F and |y + d = 2f-

Adding these two equations, we get

G+ +(b+d)=2p+2p

~A+b+i+d=4p

Thus A + OB + OC + 0D = 40P-

4. Question

Show that the line segments joining the midpoints of opposite sides of a quadrilateral bisect each other.
Answer

Let ABCD be a quadrilateral. E, F, G and H are the midpoints of sides AB, BC, CD and DA respectively.

We need to prove EG and HF bisect each other. It is sufficient to show EFGH is a parallelogram, as the
diagonals in a parallelogram bisect each other.

Let the position vectors of these vertices and midpoints be as shown in the figure.

D(d)

G(g)

8(b) F(f) c@
As E is the midpoint of AB, using midpoint formula, we have
. 3+D
€= 72

Similarly,  — 2*€, = c+dandj — 43
2 2 2

—1

Recall the vector EF is given by

—

F = position vector of F — position vector of E

-FEF=f-¢%
- b+¢ 3+Db
= = —
2 2

- b+eé—-3i-b
=1 =

2
_, ¢t-3
-~ EF =

Similarly HG = position vector of G — position vector of H



4

3l
=
=

o ¢+d d+3
= = —
2 2
_. é+d-d-3
= HG =

2
HG c-d

2

So, we have EE = HG-
Two vectors are equal only when both their magnitudes and directions are equal.
= EF || HGand |EF| = [HG)-

This means that the opposite sides in quadrilateral EFGH are parallel and equal, making EFGH a
parallelogram.

EG and HF are diagonals of parallelogram EFGH. So, EG and HF bisect each other.

Thus, the line segments joining the midpoints of opposite sides of a quadrilateral bisect each other.

5. Question

ABCD are four points in a plane and Q is the point of intersection of the lines joining the mid-points of AB and
CD; BC and AD. Show that PA + PB + PC + PD = 4PQ. Where P is any point.

Answer

Let E, F, G and H be the midpoints of sides AB, BC, CD and DA respectively of quadrilateral ABCD.

Let the position vectors of these vertices and midpoints be as shown in the figure.

D(d)

G(g)

8(b) F(f) (@
As E is the midpoint of AB, using midpoint formula, we have
. 3+D
€= 2

Similarly,  — B*€, = c+dandj — 4+3
2 2 2

We know that the line segments joining the midpoints of opposite sides of a quadrilateral bisect each other.

= Q is the midpoint of EG and HF.

e+

mal

Once again using midpoint formula, we getg =

But, we found z _ 3*B and—g>:5+d.
2 2



P
Wl

ra| +
ol
"

+

T
[T

03|+
j=H)
A

== -

i+b+c+d B B
. 2 a+b+c+d
—a= 2 - 4

~3+b+C+d= 4G
Now, consider the vector P + PB + PC + PD-
Let the position vector of point P be 5.

Recall the vector pp is given by

PA = position vector of A — position vector of P

—

>PA=3-7

Similarly,ﬁg’zg_ﬁ,ﬁf E_}—jandﬁj:a’_l—j.

+
~—
f=N )
|
=1
ja—

= PA+PE+PC+PD=G-P)+(b-p)+(E-P)

+b+é+d)-P-P-P-P

wl

=PA+PB+PC+PD=(

+
ol
o
|
S
a=1}

=PA+PB+PC+PD=(F+b+¢

—

But, we found 3 + ) + ¢+ d = 43

= PA+PB +PC+ PD = 44 — 4p

> PA+PB+PC+PD=4(G—p)

Observe, g — p = position vector of Q — position vector of P

=4-p=PQ

~PA +PB + PC + PD = 4PQ

Thus, PA + PE + PC + PD = 4PQ

6. Question

Prove by vector method that the internal bisectors of the angles of a triangle are concurrent.
Answer

Consider AABC with vertices A, B, C and sides BC = a, AC = 3 and AB =Y.

Let the position vectors of A, B and C be 5’5’ and ¢ respectively.

Let D and E (with position vectors§ and g) be points on BC and AB such that AD and CE are the bisectors of
LA and £C. Let, AB and CE meet at point I.



A(d)

G))=

B(b) D(d) c(@)
Observe from the figure that D divides BC in the ratio BD:DC.

Using the angular bisector theorem, we know that the angle bisector of an angle in a triangle bisects the
opposite side in the ratio equal to the ratio of the other two sides.

BD AB . .
= == =22 _ Y (from our initial assumption)
DC AC B

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and j, respectively, internally in the ratiom : n is

.
mb + n3

I_]’_
m + n

Here, we have D dividing BC internally in the ratio m:n where m =y and n = B.

-yt +pb
=2qd=—-
y+B
From angular bisector theorem above, we had% = %.

Adding 1 to both sides,

BD + DC AB + AC
DC ~  AC

BC AB + AC
= — =
DC AC

AC AB + AC
= — =
DC BC

In addition, as Cl is the angular bisector of £C in AACD, using the angular bisector theorem, we have
ID CD Al AC
Al AC 'ID DC
AB+AC  B+y
BC  «

So, we get &1 _
D

So, | divides AD in the ratio (B + v):a.

Let the position vector of | be ¥.

Using the aforementioned section formula, we can write

(B +y)d + @

x= B+y+ta

Bb +y7e

But, we already found g =
B+y



Bb—l—yc

. (B—i_?) B+Y a

=X=
B+vy+ta

_ Pb +yE + a3

> ="
B+y+ta

. a3 + pb + ye

A =E—

a+ B+ y
Now, observe E divides AB in the ratio AE:EB.

AE _AC _ B (from angular bisector theorem)
EBE BC «

So,8 = %_‘ (using section formula)
+a

By doing similar calculations as above for £C, we get

CI BC+AC a+ B
IE AB vy

So, | divides CE in the ratio (a + B):y.
Let the position vector of | now be §.
Using the aforementioned section formula, we can write

(a + B)E + yC

y= a+p+y
But, we already found g = ?.
+ o
E}+ﬁa =
(B“‘)BBW + e
-V= a+p+y
. Pb+ i+ YT
sYV= a+p+y
. o@+ pb+ye

a+ Bty

Observe that ¥ = y meaning the point | with position vectorw lies on both AB and CE.
a+B+y

Similarly, it can be shown that this point | also lies on the third angular bisector.
Thus, the internal bisect(_)rs of the angles of a triangle are concurrent with the point of concurrency given by

a3+ Bb +ye

the position vector where a, and y are sides of the AABC opposite to the vertices A, B and C

a+B+y
respectively.

Exercise 23.5

1. Question

If the position vector of a point (-4, -3) be 4

Answer
Given 3 is the position vector of point (-4, -3).

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y



directions.

=3a=(—4)i+ (-3)j

Now, we need to find magnitude of3 i.e. |3]|.

Recall the magnitude of the vector xj + vj is given as
xi+yil = VX2 +y?

Here,x =-4andy = -3

= 3l = {87+ (3)2

= [F|=V16+9

= [3] =25
- |§| = 5
Thus, |3]| = 5.

2. Question
If the position vector 4 of a point (12, n) is such that H =13, find the value(s) of n.

Answer
Given 3 is the position vector of point (12, n).

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

=d=12i+nj

Now, we need to find n such that|3]| = 13.

Recall the magnitude of the vector xj + vj is given as
|xi+ yjl = yx2 +y?

Here,x=12andy =n

= |d| =122 + n2

= 13 =./144 + n?

Squaring both the sides, we have

137 = 144 + n?

= n’+ 144 = 169

=n’=25
=n=+V25
~n=+h

Thus, n =5 or -5.

3. Question

Find a vector of magnitude 4 units which is parallel to the vector \El _J

Answer



Let 3 be the required vector that is parallel to /3 +j.

We know any vector parallel to a given vectorxj + Vi is of the form AxT+ yj) where A is a real number.
=3a=AW3i+])

Now, we need to find A such that|3| = 4.

Recall the magnitude of the vector xj + yj is given as

|xi+yjl = {x2 +y2

Here, x =} /3andy = A

= |d| = J(l\.@)z + A2

SN TEFSE

=4 = \f@

Squaring both the sides, we have

42 = 4)*°

= 4% =16

=A =4

~A=2

Thus, the required vector is 2./37 + 2j-

4. Question

Express A_B in terms of unit vectors 1 and J when the points are :

(i) A (4, -1), B(1, 3)
(ii) A(-6, 3), B(-2, -5)

Find |A—B‘ in each case.
Answer

(i) Given A= (4,-1)and B = (1, 3)

We know position vector of a point (x, y) is given by xi + yj, where { and j are unit vectors in X and Y
directions.

Let position vectors of points A and B be 3 and {, respectively.
>ad=4i+(-1Dj=4i-j
We also havep = { + 3j:

Recall the vector aR is given by

AB = position vector of B — position vector of A
= AE=b-3
= AB = (i+3j) — (4i— )

= AE = (1-49)i+(3+ 1)j



~AB =31+ 4

Recall the magnitude of the vector xj + vj is given as
|xi+ yj| = yx2 +y?

Here,x =-3andy =4

= [aB| = /(-3 + &

= |AB|=vo+ 16

= |aB| = V25

- |AB| =5

Thus, A8 = —3i + 4j and |AB| = 5.

(ii) Given A = (-6, 3) and B = (-2, -5)

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

Let position vectors of points A and B be 3 and } respectively.
=3a=(—6)i+3j= —6i+ 3j

We also havej = (—2)i + (—5)j = —2i — &j

Recall the vector AR is given by

AB = position vector of B — position vector of A
=AB=b-3

= AB = (=21 — 5f) — (—6i + 3f)

= AB = (=2 + 6)i+ (=5 — 3)j

= AB = 4i — 8]

Recall the magnitude of the vector xj + Vi is given as
|xi+yjl = Vx> +y2

Here, x =4 andy = -8

= [4B| = /4% + (-8)?

= |AB| = V16 + 64

- |AB| = V&0
|ﬂTB1 =45

Thus, AB = 41 — gj and |AB| = 4y/5.
5. Question

Find the coordinates of the tip of the position vector which is equivalent to AR. where the coordinates of A
and B are (-1, 3) and (-2, 1) respectively.

Answer

Given A= (-1,3)and B = (-2, 1)



We know position vector of a point (x, y) is given by xi + yj, where { and j are unit vectors in X and Y
directions.

Let position vectors of points A and B be 3 and { respectively.
=3d=(-1i+3j=-1+3j
We also havep — (—2)i +j = —2i +§-

Recall the vector aF is given by

AB = position vector of B — position vector of A

=ABE=b-3

= AB = (—2i+])— (—i+3))

= AB =(—2+ 1)i+(1-23)j

~AB =-i-12j

Now, it is given that there exists a point say (x, y) whose position vector is same as Ag.

We know position vector of a point (x, y) is given by xi + vj-

—

=xi+yj = AB
=xi+y=-1-2j

By comparing both the sides, we get x = -1l andy = -2
Thus, (-1, -2) is the tip of position vector that is same asag.

6. Question

ABCD is a parallelogram. If the coordinates of A, B and C are (-2, 1), (3, 0) and (1, -2), find the coordinates of
D.

Answer
GivenA=(-2,-1),B=(3,0)and C = (1, -2)
Let the other vertex D = (X, y)

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

A (@) D(d)

B(b) c(@

Let position vectors of points A, B, C and D be3, };, ¢ and { respectively.
=>da=(—2)i+(-Dj=-21—j

We also havejy = 37 + 0f = 3i-

Similarly 2 =i — 2j and § = xj + yj.

Recall the vector AR is given by



AB = position vector of B — position vector of A
-AB=b-3

= AB = (31) — (=2i—1J)

= AB = (3 +2)i— (-1)j

~AB =5i+]j

Similarly, the vector D¢ is given by

DC = position vector of C — position vector of D

-DC=¢t—d
= DC = (i—2j) — (xi+¥j)
= DC = (1 -x)1+ (-2 - y)j

“DC=(1—-x)i—(24+¥)j

But, it is given that ABCD is a parallelogram.

= AR = DC (as the opposite sides are parallel and equal)
=25i+j=(1-x)1—-(2+y)j

By comparing both sides, wegetl-x=5and2 +y=-1
>x=1-5=-4

andy=-1-2=-3

So,x=-4andy = -3

Thus, vertex D of parallelogram ABCD = (-4, -3).

7. Question

If the position vectors of the points A (3, 4), B (5, -6) and C (4, -1) area_ EE respectively, compute
a+2b-3c.

Answer

Given A= (3, 4),B=(5,-6)and C = (4, -1)

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

= 3 = 31+ 4j (position vector of point A)
We also have | = 51 + (—6)j = 51 — 6]
Similarly ¢ = 4i —j.

We need to compute 5 + 2} — 3¢

3+2b— 32 = (3i+ 4)) + 2(51 — 6]) — 3(4i— )
=3+20-38=(3+2x5-3x4)i+(4—2x6+3)j
=>3+2b—3¢=(3+10—12)i+ (4— 12 + 3)j

~3+2b— 38 =1— 5f



Thus, 3 + 2b — 3¢ = 1 — 5§
8. Question

If 7 be the position vector whose tip is (5, -3), find the coordinates of a point B such that AR = g_ the
coordinates of A being (4, -1).

Answer

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

So, position vector of (5, -3) is§ = 5 + (—3)j

~3d=51—3j

Given A = (4, -1) and let the coordinates of B = (X, y)

Let position vectors of points A and B be j and g respectively.
>p=4+(-1)j=41—]

We also have g = xi + yj.

Recall the vector AR is given by

AB = position vector of B — position vector of A
~AB =47

= AB = (xi+ yj) — (41— )

~AB =(x—4)i+ (y+1)j

But, it is given that AR = 3

= (x—4i+(y+1)j=51—-3j

By comparing both sides, we getx-4=5andy + 1 =-3
>x=5+4=9

andy=-3-1=-4

So,x=9andy=-4

Thus, coordinates of point B are (9, -4).

9. Question

Show that the points 2 1_1 — 4J and 1 + 4J form an isosceles triangle.

Answer

Leti=21h = —5— 4 and ¢ = —{+ 4j be the position vectors corresponding to the vertices A, B and C of
AABC.

A(d)

B(B) c(é)



Recall the vector AR is given by

AB = position vector of B — position vector of A
= AB=b-3

= AB = (-1 — 4j) — (20)

= AB = (=1 — 2)i+ (—4)f

~AB =—-31—4j

Recall the magnitude of the vector xj + yj is given as
|xi+yjl = x2 +y2

Now, we find the magnitude of AE.

|AB| = J(=3)7 + (—4)°

- [AB|=vo+ 16

- |AB| = V25

- [AB| =5

Similarly, the vector B¢ is given by

BC = position vector of C — position vector of B

=BC=¢-b

= BC = (-1 +4)) — (-1 — 4))
= BC=(—1+1i+ (4+4)j
~BC=8j

Now, we find the magnitude of B¢.

|BC| = /02 + 82

= |BC| = /82
|BC| =

Similarly, the vector a¢ is given by

AC = position vector of C — position vector of A

=t = —
=C—a4d

(!

=
= AC = (—i+ 4)) — (2D)

= AC = (-1 - 2)i+ (4)j
~AC=-3i+4f

Now, we find the magnitude of A¢.
|E| = v’m

= [AC| = V9 +16



- [A¢| = VZ5
-~ [aC| =5

Observe that |PTB1 = |R’| which means the sides AB and AC of AABC are equal in length, making it an
isosceles triangle.

Thus, the triangle formed by the given points is isosceles.

10. Question

Find a unit vector parallel to the vector 1 1 \E,]

Answer

Let 3 be the required vector that is parallel to§ + /3j.

We know any vector parallel to a given vectorxj + Vi is of the form AxI+ yi). where A is a real number.
=a=AI+V3))

Now, we need to find A such that|3| = 1.

Recall the magnitude of the vector xi + yj is given as

|xi+yjl = {x2 +y2

Here, x = Aandy =},/3

= |3 = (A2 + (WW3)?

= 1=4/A2+3)2
= l=\.'4}LE

Squaring both the sides, we have
12 = 432

=4\2=1

Thus, the required vector is ; (1+ V3
11. Question

The position vectors of points A, B and C are ,1 + 3,}_121T + ].lj and respectively. If C divides the lien segment
joining A and B in the ratio 3 : 1, find the values of A and p.

Answer
Let the position vectors of points A, B and C be3, i and ¢ respectively.
Given:3 =X +3j. b = 121 + pjand & = —111 — 3j

C divides AB internally in the ratio 3:1.



A C B
(@ © (b)

Recall the position vector of point P which divides AB, the line joining points A and B with position vectors 3
and p, respectively, internally in the ratiom : nis

-
mb + nd

p= m + n
Here, m =3 and n = 1.

(3)b + (1)3

ST T
. 3b+3
==
4

We haved =i+ 3j b = 121 + pjand ¢ = —111 — 3§

3(121 + u) + (A + 39)
4

> —11i—3j =

= —44f —12] = 3(12i + pj) + (AT + 3)

= —441 —12] = (36 + )i+ (3u+ 3)j

= (36 + )i+ (3pu+ 3)j= —44i — 12§

By comparing both sides, we get 36 + A = -44
= A =-44 - 36

A =-80

We also have 3y + 3 =-12

= 3u =-15

Su=-5

Thus, A =-80and u=-5

12. Question

Find the components along the coordinate axes of the position vector of each of the following points -
i. P(3,2)

ii.Q (5, 1)

iii. R (-11, -9)

iv. S (4, -3)

Answer

(i) Given P = (3, 2)

We know position vector of a point (x, y) is given by xi + yj, where { and j are unit vectors in X and Y
directions.

Let position vector of point P be .
=>p=31+2j

So, component of j along the X-axis is 3j, that is a vector of magnitude 3 along the positive direction of the
X-axis.



Also, component of j along the Y-axis is 2j, that is a vector of magnitude 2 along the positive direction of the
Y-axis.

(ii) Given Q = (5, 1)

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

Let position vector of point Q be g.
=q=5i+]j

So, component of g along the X-axis is 5§, that is a vector of magnitude 5 along the positive direction of the
X-axis.

Also, component of g along the Y-axis is j, that is a vector of magnitude 1 along the positive direction of the
Y-axis.

(iii) Given R = (-11, -9)

We know position vector of a point (x, y) is given by xi + yj, where { and j are unit vectors in X and Y
directions.

Let position vector of point R be .
=T=(—11)i+(—-9)j= —11i — 9j

So, component of  along the X-axis is —11j, that is a vector of magnitude 11 along the negative direction of
the X-axis.

Also, component of r along the Y-axis is —gj, that is a vector of magnitude 9 along the negative direction of
the Y-axis.

(iv) Given S = (4, -3)

We know position vector of a point (x, y) is given by xi + yj, where j and j are unit vectors in X and Y
directions.

Let position vector of point S be§.
=5=41+(-3)j=41—-3j

So, component of g along the X-axis is 41, that is a vector of magnitude 4 along the positive direction of the
X-axis.

Also, component of § along the Y-axis is —3j, that is a vector of magnitude 3 along the negative direction of
the Y-axis.

Exercise 23.6

1. Question
Find the magnitude of the vector 5 = 2 1 + 3:]' — 6L

Answer

If a vector is given by & — a5+ bj + ck then the magnitude of vector is generally denoted by |3| which is equal
toaz +b2 + 2

So the magnitude

|3 = 22 +37 + (-6)?
|3l =v4+9+36

|3l = V49

@l =7



So the magnitude of the vectoris 7.
2. Question

Find the unit vector in the direction of 3j 4J —12k
Answer
Let the unit vector in the direction of § = 37 + 4 — 12k

So any unit vector in the direction of  — 37 + 4j — 12k

. A
B=—=

4]

So the magnitude of the vectorm =32+ 42+ (—12)2
[A| = Vo + 16 + 144

A = V69

|A] =13

3i+4j-12k
13

So, the unit vector g =
3. Question
Find a unit vector in the direction of the resultant of the vectors { — J +3k. 2i _:i_ 2k and { =+ 2:]' —2k.

Answer

To find the resultant vector we add all the vector by vector addition.

i=i—j+3k

=}
I
B
—
+
—
|
(o]
s

| =

So, the unit vector § =

el

Magnitude of |p| = /42 + 22 + (—1)2

Bl =vie+a+1

|P| = v21

. 4i+2)-k

P=7
V21

4. Question

The adjacent sides of a parallelogram are represented by the vectors g — 1 _j _1:; and | = _ji + J + QL
Find unit vectors parallel to the diagonals of the parallelogram.



Answer

b

Side BC parallel to

—

AD=3AB=0
So resultant vectorc =b + a

So, vector ¢ =3+ b = (

—3
+
—

|

)

e
+

0
o)
=
+
—
+
o]

Nab

C=i+

—

—k—2i+j+2k

—y

C=-i+2j+k
So unit vector along the diagonal of

Parallelogram is

. C
C==

|
e —i+2j+k

V(—1)2+ 22+ 12
. —i+2+k
C=7f_

V6

5. Question
fa=3i—j—4k.b=-2i+4j-3k and c ={+2j—k_ find [3a—2b+4c|
Answer

We want to find the magnitude of vector 33 _ 2} + a2

So,

— 5

33— 2b+4¢=3(31—j— 4k) — 2(—21 + 4§ — 3k) + 4(i + 2] — k)
33— 2b + 4 = 91— 3j — 12k + 41 — 8] + 6k + 41 + 8] — 4k
33 —2b+4¢ =171 — 3] — 10k

If a vector is given by A = 3+ bj + ck then the magnitude of vector is generally denoted by |3| which is equal
to Vaz +b2 + 2

|33 — 2b + 48| = /172 + (—3)Z + (—10)2
|33 — 2b + 42| = V289 + 9 + 100

|33 — 2b + 48| = V398

6. Question

If [TQ = 31’ + jj _1:; and the coordinates of P are (1, -1, 2), find the coordinates of Q.



Answer
Position vector of ‘P" is { —j + 2k
Let the position vector of point ‘Q’ is ‘a.’

So we need to find the value of ‘a.’

p_’Q — Position vector of ‘Q’ - Position vector of ‘P’

3i+2j—k=a—(i—j+2k)

3i+2j—k=a—-i+j—2k
Fi=3i+2j-k+i-j+2k
i=4i+j+k

So the position vector of ‘Q” is (4, 1, 1)

7. Question

Prove that the points 1 — J 4_] — 3j 1 L and ji _ 4J n ﬁk are the vertices of a right-angled triangle.
Answer

In a right angle triangle caA2 = AB? + B(C?

Where CA is the hypotenuse

BC is the perpendicular and AB is the base

Vertices of the triangle are given below

A=(1,-1,0),B=(4,-3,1),C=(2,-4,5)
So,
AB

=B-A=(4-3j+k) - (G-

AB| = 31 (271 12

|AB| =vo+4+1

|BC| = y(—2)2 + (—1)2 + 42

|BC|=va+1+16

|BC| = V21 - oveoveees (2)
CA=A-C=(i—) - (21— 4j +5k)



[CA| = J(=1)2+ 32+ (-5)2

|CA| =vV1+9+25

CA? = AB? + BC?

(vV35) = (v1d)’ + (v21)°

35=14 + 21
35=35
LHS = RHS

So, these point form a right angle triangle

8. Question

If the vertices A, B, C of a triangle ABC are the points with position vectors a1i + a,_\j +a, k

bli + bq_j‘ + b31:;_ Cli + cq_:i + C31:; respectively, what are the vectors determined by its sides? Find the length of
these vectors.

Answer

Let the position vector of the vertex ‘A" is3 i+ a,j+ ask

And similarly B= b, i+ b,j+ bk and C= ¢, i+ c,j+ c.k

Side AB is

—_—

AB = B—A = (byi+ b,j+byk) — (a,i+ a,j+ azk)

AB = (b, —a,)i+ (by— a,)j+ (by —ag)k o (1)
Equation (1) vector representation of the side AB

Magnitude of side AB,

[AB] = /(b, —a,)? + (b, —a,)% + (b; — a3)?

And similarly for side BC and CA

BC = C—B = (c,i+ ¢, + c3k) — (by1+ b,j + byk)
BC = (c; —by)i+ (c; —by)j+ (cz — by)R oovvenes (2)

CA=A-C= [:al’l‘+ a,j+ agﬁ)— (C1T+ Coj+ cgﬁ}

CA= (a; —c)i+(a; —c)j+ (a3 — Ca)ﬁ

Length of side BC and CA

|BC| = y/(c; = b)Z+ (c; —b,)7 + (c; — b,)?

|ﬁ| = \I'Jl(al_ )2+ (2, — )2+ (a3 —c3)?
9. Question

Find the vector from the origin O to the centroid of the triangle whose vertices are (1, -1, 2), (2, 1, 3) and (-1,
2,-1).

Answer

Centeroid of the triangle with Vertices (X1, y1. z1), (X2, ¥2, 23), and (X3, y3, z3) is given by,



X+ X, +X; Vi +V2 +V3 Zl+22+23)

(xy.2) = ( 3 3 T3

In vector algebra, ‘x’ consider as a coefficient of { and ‘y" as a coefficient of j and 'z’ as a coefficient of i;

So the position vector of the centroid,

. 1+2-1-1+1+22+3-1
(1ik) = T T3 3

So the location of the centroid is G%g)

And the vector is,

10. Question
Find the position vector of a point R which divides the line segment joining points p (1 + 2:]' + L) and
Q(—l —_]—L) in the ratio 2 : 1.

(i) Internally
(ii) Externally
Answer

By using section formula,

(1) Internally — mQ+nP

m+n
Position vectors of P and Q are given as
OP=(i+2j+kandoqQ=(-i+j+k)

m 2

n 1

The position vector of point R which divides the line joining two points P and Q internally in the ratio 2 : 1 is
given by,

. (i+2j+k)+2(—i+j+k
op L (+2+k) +2(-i+i+k)
2+1

. —i+4+3k
OR=""73"

The position vector of point R which divides the line joining two points P and Q externally in the ratio 2 : 1 is
given by,

(2)Externally_ mQ-n?

m-n

. (f+2§+k)-2(-i+j+k

OR =
1-2
I
OR=-31+k

11. Question



Find the position vector of the mid-point of the vector joining the points P(.21T — Sj + 4L) and
Q(41+]j-2k).

Answer

If P.and Q are two points with position vector p(2i — 3j + 41‘{) and Q(4i+j— gﬁ) then the position vector of

mid point A is given by

2
Let A is the mid point of PQ.

P+Q

So, position vector of A _ P+@
2

2i—3j+4k +4i+j— 2k

A=
2
3 6i —2j+ 2k
- 2
- 2(3i—ij+k
Az( j+k)
2
A=3i—j+k
12. Question

Find the unit vector in the direction of vector }T} where P and Q are the points (1, 2, 3) and (4, 5, 6).

Answer
First we need to create vector PQ

Position vector of P = OP = (1, 2, 3) and position vector of Q = OQ = (4, 5, 6)
PQ = 0Q — OP = (4i + 5j + 6k) — (1 + 2j + 3k)

PQ = 3i+3j+3k

PQ =3(i+} +k)

So unit vector in the direction PQ,

2

[Pq]

. 3(i+j+k)

V32 +32+32

p,h__3(f+j“+ﬁ)
Q_3m+ I+1
_ (i+7+k)
PO=— -
Q NG

13. Question

Show that the points A (21 — J + L) B(l —S:i 5k ) 'C‘(.3>1T —4:i — 4L) are the vertices of a right angled
triangle.

Answer



If A, B and C are the vertices of the right angle triangle
So,

In a right angle triangle AB? = CAZ + B(C?

Where AB is the hypotenuse

BC is the perpendicular and CA is the base

Vertices of the triangle are given bellow

A(2i —j + k) B(i— 3j— 5k) and ¢(3i — 4j — 4k)

|AB| = /(=12 + (-2)2 + (-6)2

|AB]| = VI +4+36

Similarly,

BC=C-B = (31— 4j—4k) - (i— 3j—5k)

|BC| = /(22 + (—1)2+ 12

|BE|=va+1+1

CA=—i+3j+5k

[CA| = V(=02 +3% + (5)2

|CA| =V1i+9+25

AB? = CA? + BC?

(V31)’ = (v35) + (V6)’

41=35+6
41 = 41
LHS = RHS

14. Question
Find the position vector of the mid-point of the vector joining the points P (2, 3, 4) and Q (4, 1, -2).
Answer

If P and Q are two points with position vector p(2i + 3j + 4&) and Q(4i+j— zﬁ) then the position vector of
mid point A is given by



P+Q
)
Let A is the mid point of PQ.

So, position vector of A _ P+Q
2

(21 + 37 + 4k) + (41 +§ — 2k)

A=
2
L 6i+4)+2k
A=———
2
- 2(3i+2j+k
Az( 2J )

A=31+2j+k
15. Question

Find the value of x for which x(l + J + L] is a unit vector.

Answer

We need to find the value of ‘x’ for which x(j+§+ ﬁ) is a unit vector

If any vector is a unit vector, then its magnitude should be one.

So, the magnitude of the vector is,

lx(i+7+k)| =1

JxI(12+12+412) =1

xw3i=1
!
X=+—
V3

For this value of ‘x’ the above vector is a unit vector

16. Question

Ifgzj_j_k_l_;:ji_j_ﬂ:; and E:i_:j_ll;_ find a unit vector parallel to 23 — b + 3c.
Answer

First, we need to create a vector in the direction of 33 _}; + 3¢

So,

2a-b+3t=2(i+j+k) — (21 —j+3k) +3(i—2j +K)

23—b+3¢=31—3]+2k

So the unit vector in the direction of 93 _ | + 32 s,

2d-b+38  31-3j+2k
|23a-b+3¢ 32+ (—3)2+22

23-b+38 31— 3j+2k
|23 - b + 3¢ V22

This is the unit vector in the direction of 93 _}; + 3¢



17. Question

If 3 — 1 _J_LE = 41 - Q:i_ 31:; and ¢ = 1 — ZJ—L find a vector of magnitude 6 units which is parallel to the
vector 23 — b + 3¢,

Answer

Vector parallel to 25 — { + 3¢ s,

If a vector parallel § to other vector, so we can write a scalar multiple of the other so,

d=A(1-2j+2k)

|H| — g this is given in the question
|A(i—2j+2k)|=6
WIET(22+ 2 =6

Wita+4=6

)L\."'6=6
+3h=6
A==2

So the vector parallel to the 93—, + 32is § = +2(1 — 2] + 2k)
18. Question

Find a vector of magnitude of 5 units parallel to the resultant of the vector g — 2{ + 3j _1:; and

b=i-2j+k

Answer
i=2i+3 -k
b=1-2j+k

Let resultant vector is ‘R’ so the resultant vector by using the vector triangle law
F+b=R=(2i+3j-R)+(i-2j+K)
R=3i+]

If a vector parallel j to other vector so we can write scalar multiple of the other so,

d=A(®)



d = A(3i+j) has a magnitude of 5 unit so

[A(3i+])| =5

M/32+12=5
}L\."E=5

A=

-
ﬂm
=)

(3i+1)

]|u|

[=]

So the vectoris g = -
N

19. Question

The two vectors J 1 1 and 3{ 1 J 1 4L represent the sides Ap and AC respectively of triangle ABC. Find the
length of the median through A.

Answer

A B
Let D be the point at which median drawn from A touches side BC.

Let 3 b, and ¢ be the position vectors of the vertices A, B and C.

So position vector of D = b+¢
2

So we creating a vector in the direction of AD

AD — Position vector of D - position vector of A

. b+ie _

AD = —a

- b+¢—23
N 2

N b—3+¢—3 AB+AC
N 2 2

(G+1) +(31+]+4k) 4i+2j+4k
2 B 2

%l

AD = (21 +]+2k)
So length of AD

3| = VEF T
|AD| = Vo

|AD| =3

Exercise 23.7



1. Question
Show that the points A, B, C with position vectors g — 21 +3¢. 2a +~ 3b —4¢ and —7h = 10¢ are collinear.
Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.

We have been given that,
Position vector of A = 3— 2b + 3¢
Position vector of B = 23 + 3b — 4¢

Position vector of C = —7b + 10¢

So, in this case if we prove that AR and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB=(23+3b—48) - (3—2b+30)

= AB=23-3+3b+2b—4¢—3C

= AB=3+5b— 7¢

And BC is given by

BC = Position vector of C — Position vector of B

= BC=(-7b +108) — (23 + 3b— 40)

= BC= —23— 7b — 3b + 10T + 4¢

— BC = —23— 10b + 14¢

Let us note the relation between Ag and B¢.

We know, BC = —23 — 10b + 14¢

Or B¢ = —2(3+ 5b—79)

OrBC=—2xAB [ AB = 3+ 5b — 7¢]

This relation shows that AR and B¢ are parallel to each other.
But also, B is the common vector in 35 and BC.

= AR and BC are not parallel but lies on a straight line.

Thus, A, B and C are collinear.

2 A. Question

If 555 are non-coplanar vectors, prove that the points having the following position vectors are collinear:
a.b. 3a-2b
Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.



Given that, 3, E’ and ¢ are non-coplanar vectors.

And we know that, vectors that do not lie on the same plane or line are called non-coplanar vectors.

To Prove: 3, [ and 33 — 2}, are collinear.

Proof: Let the points be A, B and C.

Then,

Position vector of A = 3
Position vector of B = b
Position vector of C = 33— 2b

So, in this case if we prove that AR and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= 2B=(b) - (@

- AB=b-3

And BC is given by

BC = Position vector of C — Position vector of B
= BC=(33—-2b) - (D)

33-2b—-D

al
I

=
= BC=33i-3b

Let us note the relation between A and BC.

We know, B¢ = 33— 3b

Or B¢ = 3(3-b)

Or BC = —3(b — 3)

OrBC=-3xAB[" AB=b—-3l

This relation shows that AR and B¢ are parallel to each other.
But also, B is the common vector in 45 and B(-

= AR and BC are not parallel but lies on a straight line.

Thus, A, B and C are collinear.

2 B. Question

If 555 are non-coplanar vectors, prove that the points having the following position vectors are collinear:
a+b+c, 4a+3b.10a+7b—-2c¢
Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.



Given that, 3, E’ and ¢ are non-coplanar vectors.

And we know that, vectors that do not lie on the same plane or line are called non-coplanar vectors.
To Prove: 3+ + & 43 + 3b and 103 + 7b — 2¢ are collinear.

Proof: Let the points be A, B and C.

Then,
Position vector of A = 3+ b + ¢
Position vector of B = 43 + 3b

Position vector of C = 103+ 7b — 2¢

So, in this case if we prove that A and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
~AB=(43+3b)- E+b+0)

- AB=43+3b-3-b-¢

=AB=33i+2b-¢

And BC is given by

BC = Position vector of C — Position vector of B

— BC = (103 + 7b — 2&) — (43 + 3b)

= BC=103—43+ 7b—3b—2¢

= BC = 63 + 4b — 28

Let us note the relation between AR and B¢.

We know, BC = 63 + 4b — 2¢

OrBC = 2(33+2b-0)

OrBC=2xAB [ AB =33+ 2b—¢l

This relation shows that 35 and B¢ are parallel to each other.
But also, B is the common vector in 45 and B(-

= AR and BC are not parallel but lies on a straight line.
Thus, A, B and C are collinear.

3. Question

Prove that the points having position vectors 1 + ::i + 3,k 3i + 4J + "L _3i - jj — ‘?L are collinear.
Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.

Let the points be A, B and C having position vectors such that,

Position vector of A= 1 + 2j + 3k



Position vector of B = 31 + 4j + 7k

Position vector of C = —3i — 2j — 5k

So, in this case if we prove that AR and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB = (31 + 4j + 7k) — (i+ 2j + 3k)

= AB=3i—i+4)—2j+7k-3k

= AB = 21 + 2j + 4k

And BC is given by

BC = Position vector of C — Position vector of B
= BC = (—31—2j — 5k) — (31 + 4j + 7k)

= BC=—31—31—2]—4j— 5k— 7k

= BC = —61—6f— 12k

Let us note the relation between Ag and B¢.

We know, BC = —6i — 6] — 12k

Or BC = —3(2i+ 2j + 4k)

OrBC = —3 x AB [/ AB = 2i + 2j + 4k!

This relation shows that Ag and B¢ are parallel to each other.

But also, B is the common vector in AR and B¢

= AR and BC are not parallel but lies on a straight line.

Thus, A, B and C are collinear.

4. Question

If the points with position vectors 10i 1 3,_] 12 1 _ ﬁ_] and g 1 41 1j are collinear, find the value of a.
Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.

Let the points be A, B and C having position vectors such that,
Position vector of A= 101 + 3j

Position vector of B = 121 — 5]

Position vectorof C = ai + 11j

So, let us find 38 and B(.

Therefore, AR is given by

AB = Position vector of B — Position vector of A

= AB = (121 — 5]) — (10i+ 3j)



= AB =121 — 10i — 5] — 3j
=)A_B)= 2?—8]‘..-(')

And BC is given by

—

BC = Position vector of C — Position vector of B

= BC = (ai+ 11j) — (12i - 5§)
= BC=ai—12i + 11j + 5§

= BC = ai — 12i + 16 ---(ii)

Since, it has been given that points A, B and C are collinear.
So, we can write as

BC = AAB

Where A = a scalar quantity

Put the values of g¢ and AR from (i) and (ii), we get
al— 121+ 16j = A (21— 8j)

= (al— 121) + 16] = 2A1 — 8Aj

Comparing the vectors j and j respectively, we get
a-12 =2 ..(iii)

and, 16 = -8A

From -8A = 16, we can find the value of A.

-8\ =16
A 16
AT T
ﬁ)\:—z

Put A = -2 in equation (iii), we get
a-12 =2A
=a-12 = 2(-2)

>a-12=-4
>a=-4+12
2a=28

Thus, we have got a = 8.

5. Question

If 2.1 are two non-collinear vectors, prove that the points with position vectors 3 + h. a —b and g ~ 3 b are
collinear for all real values of }_

Answer
Let us understand that, two more points are said to be collinear if they all lie on a single straight line.

Given that, 3 and }, are two non-collinear vectors.

Let the points be A, B and C having position vectors such that,



Position vector of A= 3+ b

ol

Position vector of B=3 —
Position vector of C = 3 + Ab

So, in this case if we prove that AR and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A

AB=(3-b)-(3+D)
>AB=3-3-b-b
::~A_B’=—2E

L T— —2B )

2
And BC is given by

—

BC = Position vector of C — Position vector of B

L BC=(3+AD)- (3-B)

|

C=3—-3a+Ab+b

[ex]

=
=BC=Ab+b
Let us note the relation between Ag and B¢.

- =

We know, BC = Ab + b

OrB¢=(+1)b

OrB¢ = (A+1) x —?B [, from (i)]

OrBC = _(“%1) % AB ...(ii)

If A is any real value, then (}%1) is also a real value.

Then, for any real value (}%1) we can write

-

From (ii) equation, we can write

BC = —u x AB

This relation shows that AR and B¢ are parallel to each other.
But also, § is the common vector in Ag and B¢-

= Ag and BC are not parallel but lies on a straight line.

Thus, A, B and C are collinear.

6. Question



If AO+ OB =BO + OC. prove that A, B, C are collinear points.
Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.
Given: A0+ OB = BO+ 0OC

To Prove: A, B and C are collinear points.

Proof: We have been given that,

A0 + OB = BO + 0C

Rearrange it so that we get a relationship between Ag and BC-
= AC —BO = OC — OB

_ (-0&) - (~0B) = 0C - 0B

= OB— 0A = OC — OB ---(i)

Now, we know that

AB=B-A

But actually we are doing QB — DA, such that O is the point of origin so that the difference between the two
vectors is a displacement.

S0, AE — OB — OA ...(ii)

Similarly,g¢ = o¢ — 0B -..(iii)

Substituting equation (ii) & (iii) in equation (i), we get

AB = BC

Thus, this relation shows that 4§ and B¢ are parallel to each other.
But also, B is the common vector in AR and B(.

= AR and BC are not parallel but lies on a straight line.

Hence, A, B and C are collinear.

7. Question

Show that the vectors :i — 3j 1 4L and _4i' 1 .5j _ 31;; are collinear.

Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.
We have been given position vectors 2i — 3j + 4k and —4i + 6j — 8k-

Let

A=2i—3j+4k

B=—4i+6j—8k

Also, let O be the initial point having position vector as

0 = 0i+ 0j+ 0k

Now, let us find ga and QE.



DA is given by

0A = Position vector of A — Position vector of O
= OA = (2i — 3]+ 4k) — (0i+ 0f + 0k)

= 0A =2i—3j + 4k

OB is given by

OB = Position vector of B — Position vector of O
= OB = (—4i + 6j— 8k) — (0i+ 0j + 0K)

= OB = —4i + 6j— 8k

We have QR as

-

OB = —4i + 6] — 8k
= OB = 2(—2i + 3j — 4k)

= OB = —2(2i — 3j + 4k)

= OB=—2x0A

[, DA = 21 — 3j + 4Kl

Thus, this relation shows that ga and gp are parallel to each other.

But also, g is the common vector in ga and OE.

= DA and QE are not parallel but lies on a straight line.

= A and B are collinear.

Hence, 21 — 37 + 4k and —4j + ¢j — gk are collinear.

8. Question

If the points A (m, -1), B (2, 1) and C(4, 5) are collinear, find the value of m.

Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.
We have been given points:

A (m, -1), B (2, 1) and C (4, 5).

These points are collinear.

Let us define the position vectors as,

Position vector of A= mi —j

Position vector of B= 21+

Position vector of C = 41 + 5§

Now, we need to find the vectors a5 and BC.
AR is given by

AB = Position vector of B — Position vector of A

= AB = (2i+§)— (mi—7)



= AB=2i+]—mi+j
:ﬁ=(2—m)i+2j

And BC is given by

—

BC = Position vector of C — Position vector of B

= BC = (41 +5)) — (21 +]7)
= BC=4i+5]—21—j

= BC=4i—2i+5—j

= BC = 21 + 4

Since, A, B, C and D are collinear. We can draw a relation between aAg and B¢-
AB = ABC

Putting the values of 4§ and B¢, we get

= 2-mi+2j=Ax(2i1+4)

= (2-m)i+2j=2A1+ 4}

Comparing L.H.S and R.H.S, we get

2-m=2A

And 2 = 4A

We need to find the value of A in order to find m.

We have

2 =4

= A=

= A=

[ N

Putting the value of A in equation (2 - m) = 2A

=:~2—m=2><E
2
=22-m=1
>m=2-1
>m=1

Thus, the value of m = 1.

9. Question

Show that the points (3, 4), (-5, 16), (5, 1) are collinear.

Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.
Let the points be A (3, 4), B (-5, 16) and C (5, 1).

Let

Position vector of A = 31 + 4j



Position vector of B = —51 + 16
Position vectorof C = bi +]j

So, in this case if we prove that AE and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB = (—5i + 16§) — (31 + 4j)

= AB = —5i + 16] — 31 — 4§

= AB = —5i — 31 + 16]— 4§

= AB = —8i + 12§

And BC is given by

BC = Position vector of C — Position vector of B

= BC = (5i+) — (=51 + 16)
= BC="5i+]+ 51— 16§
= BC="5i+5i+j—16]

= BC = 10i — 15j

Let us note the relation between Ag and B(.
We know, BC = 10i — 15j

Or BC = 5(2i— 3j) ---(i)

And we know, AB = —8i + 12j

Or AB = —4(2i — 3j)

Or (2i— 3f) = _A_f ..(ii)

Substituting the value of 21 — 3j in equation (i), we get

BC=5 AB
=0x—|—
4

—

5
= BC=—-xAB
4
This relation shows that AR and B¢ are parallel to each other.
But also, B is the common vector in 35 and BC.
= AR and BC are not parallel but lies on a straight line.

Thus, A, B and C are collinear.

10. Question

If the vectors g — 2{ _3:i and b = —6i —111:i are collinear, find the value of m.

Answer



Let us understand that, two more points are said to be collinear if they all lie on a single straight line.
We have the position vectors as,

Position vector ofa = 21 — 3j

Position vector of b = —61 + mj

Since, a and b are collinear. We can draw a relation between 3 and p,.

—

=X\
Putting the values of 3 and j, we get
= 21— 3] = A x (=61 +mj)
= 21 — 3] = —6Al + mAj
Comparing L.H.S and R.H.S, we get
= -6A
And -3 = mA
We need to find the value of A in order to find m.

We have

2 =-6A

Putting the value of A in equation -3 = mA

3 1
=-3=-mx;
3

>m=3X%X3

=>m=9

Thus, the value of m = 9.
11. Question

Show that the points A (1, -2, -8), B (5, 0, -2) and C(11, 3, 7) are collinear, and find the ratio in which B
divides AC.

Answer

We have been given the points A (1, -2, -8), B (5, 0, -2) and C (11, 3, 7).
We need to show that A, B and C are collinear.

Let us define the position vector.

Position vector of A= 1 —2j — 8k

Position vector of B= 5i — 2k

Position vector of C = 111+ 3j + 7k

So, in this case if we find a relation between AR, BC and AC, then we can easily show that A, B and C are
collinear.

Therefore, AR is given by



AB = Position vector of B — Position vector of A
= AB = (51— 2k) — (i— 2j - 8k)

= ABE=5i—2k—1+2j+8k

= ABE=5i—1+2j -2k +8k

= AB = 4i + 2j + 6k

And BC is given by

BC = Position vector of C — Position vector of B
= BC = (111 + 3j+ 7k) — ( 51— 2k)

= BC = 11i+ 3]+ 7k — 51 + 2k

4
&l
I

111 — 51 + 3§ + 7k + 2k

= BC = 61 + 3j+ 9k

And (¢ is given by

AC = Position vector of C — Position vector of A
= AC = (111 + 3j + 7k) — (i— 2j — 8k)
> AC=11i—i+3j+2j+ 7k +8k

= AC = 10i + 5] + 15k

Let us add aAg and B¢, we get

AB + BC = (41 + 2j + 6k) + (61 + 3j + 9Kk)
= AB +BC = 41 + 61 + 2+ 3] + 6k + 9k
= AB + BC = 10i + 5j + 15k

L AB+BC-iC

Thus, clearly A, B and C are collinear.

We need to find the ratio in which B divides AC.

Let the ratio at which B divides AC be A : 1. Then, position vector of B is:

(111+1)A+(31—2)A+(7}L—8)K
a1 T \arn ) T\

But the position vector of B is 57 — 2k.

So, by comparing the position vectors of B, we can write

(11}L+ 1) B
A+1 /7

(3;1—2)_0
A+1/

(7;1—8)_ 5
A+1/

Solving these equations separately, we get




(1114—1)
A+1

=211A+1=5A+1)
=11A+1=5A+5
=11A-5A=5-1
=>6A=4

= A=

= A=

Wl o

The ratio at which B divides ACis A : 1.
Since, A = 2
3

We can say

Solving it further, multiply the ratio by 3.

2
1:1=§><3=1><3

=>A:1=2:3
Thus, the ratio in which B divides AC is 2 : 3.
12. Question

Using vectors show that the pointsA(-2, 3, 5), B(7, 0, 1) C(-3, -2, -5) and D(3, 4, 7) are such that AB and CD
intersect at the point P(1, 2, 3).

Answer

We have been given the points A(-2, 3, 5), B(7, 0, 1), C(-3, -2, -5), D(3, 4, 7) and P(1, 2, 3).
Let us define it position vectors.

So,

Position vector of A= —2i + 3j + 5k

Position vector of B = 7i + k

a

Position vector of C = —31 — 2j — 5k
Position vector of D = 3i + 4j + 7k
Position vector of P = 1+ 2j + 3k

Now, we need to show that AB and CD intersect at the point P.

For this, if we prove that A, B and P are collinear & C, D and P are collinear so that P is the common point
between them and we can show that AB and CD intersect at P.

Let us find position vector of AP and PB.
AP = Position vector of P — Position vector of A
= AP = (i+2j +3k) — (—2i + 3j + 5k)

—

= AP =1+ 2i+2j—3j+3k—5k



-~

= AP=3i—j—2k
And

PB = Position vector of B — Position vector of P
= PB=(71+k) - (i+2j+3k)
>PB=7i—1-2j+k-3k

= PB = 6i — 2j— 2k

Now, we can draw out a relation between ap and pg.

-

We know, PB = 6i — 2j — 2k

This relation clearly shows that Ap and pg are parallel.

And since, P is the common point between them, we can say that these vectors 4p and pEg are actually not
parallel but lie on a straight line.

= Points A, P, B are collinear

[+, Two more points are said to be collinear if they all lie on a single straight line.]
Now let us find the position vector of CP and PD.

CP = Position vector of P — Position vector of C

= CP = (i+ 2j + 3k) — (=31 — 2j — 5Kk)

— CP =1+ 314 2j+2j+3k+5k

= CP = 4i+ 4j + 8k

And

PD = Position vector of D — Position vector of P

= PD = (31 + 4j+ 7k) — (i+ 2j+ 3K)
=PD=31—i+4j-2j+7k -3k

= PD = 2i + 2j + 4k

Now, we can draw out a relation between ¢p and pp.
We know, CP = 4i + 4j + 8k

= CP = 2(21 + 21 + 4)

= CP=2xPD

This relation clearly shows that ¢cp and ppy are parallel.

And since, P is the common point between them, we can say that these vectors ¢p and ppy are actually not
parallel but lie on a straight line.

= Points C, P and D are collinear.
[, Two more points are said to be collinear if they all lie on a single straight line.]

Since, we know that A, P, B and C, P, D are collinear separately.



Note that, P is the common point between the two pairs of collinear points.
Thus, AB and CD intersect each other at a point P.

13. Question

Using vectors, find the value of }_ such that the points (.r —10.3]. (1, -1, 3) and (3, 5, 3) are collinear.
Answer

Let the points be A (A, -10, 3), B (1, -1, 3), C (3, 5, 3).
Let us define the position vectors of A, B and C.
Position vector of A = Af — 10j + 3k

Position vector of B=1—j + 3k

Position vector of C = 31 + 5] + 3k

Then,

AB = Position vector of B — Position vector of A
= AB = (1—+3Kk) — (\i— 10] + 3k)

= AB=1—Ai—j+10j+3k -3k

= AB=(1-A)i+9j

And

AC = Position vector of C — Position vector of A
= AC = (31 + 5] + 3k) — (Ai — 10j + 3K)

— AC = 31— Ai + 5] + 10j + 3k — 3k

= AC= (3 —-A)i+ 15§

And since, A, B and C are collinear.

Then, it has a relation as such

AB — KAC, Where k is scalar quantity.

= (1-Mi+97 =Kk[(3 -A)i+ 15]]

= (1-MDi+9=k(3—-Mi+ 15K

Comparing the coefficients of { and j- We get
1-A=k(3-A7)

And 9 = 15k

First, we need to find the value of k.

So take 9 = 15k

= k=

e gle

= k=

Substitute the value of kin (1 -A) =k (3 -A)



:1—1:%(3—1}
=5(1-A) =3(3-A)
»5-5\=9- 3\
=25A-3A=5-9

=22\ =-4

N 4
AT
ﬂ)\:—z

Hence, the value of A is -2.

Exercise 23.8

1 A. Question

Show that the points whose position vectors are as given below are collinear :
2i+j-k.3i-2j+k and { +4j-3k

Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.

Let us assume points to be A, B and C such that
Position vector of A= 2i +j —k

Position vector of B= 3i — 2j + k

Position vector of C = 1 + 4j — 3k

Then, we need to find 3 and BC.

AB = Position vector of B — Position vector of A
= AB=(31-2j+k) - (21+]-kK)

> AB=3i—-21—-2j—-j+k+k

—

= AB=1-3j+2k

[ws]

And

BC = Position vector of C — Position vector of B

= BC=(i+4j—3k) - (31— 2j+Kk)
- BC=i-31+4j+2j-3k—k

= BC = —2i+ 6j — 4k

Now, we need to draw a relation between AR and B(.
We know that,

BC = —2i + 6] — 4k

Or BC = —2(i— 3j + 2K)

OrBC=—2xAB



This relation shows that 35 and B¢ are parallel to each other.

But since, B is the common point in AB and BC.

= AB and BC actually lies on a straight line.

Thus, A, B and C are collinear.

1 B. Question

Show that the points whose position vectors are as given below are collinear :
3i+2j+4k.i+j+kand —j+4j-2k
Answer

Let us assume points to be A, B and C such that
Position vector of A = 3i — 2j + 4k

Position vectorof B=1+j+k

Position vector of C = —1 + 4j — 2k

Then, we need to find AF and B¢.

AB = Position vector of B — Position vector of A

—

BC = Position vector of C — Position vector of B

=BC=(-1+4j—-2k)-(i+j+k)

y
al

=-1-1+4—-j-2k—k

= BC=—2i+3j—3k

Now, we need to draw a relation between Ag and B¢.

We know that,

BC = —2i+3j—3k

Or BC = AB

OrBC = 1 xAB

This relation shows that Ag and B¢ are parallel to each other.

But since, B is the common point in AB and BC.
= AB and BC actually lies on a straight line.
Thus, A, B and C are collinear.

2 A. Question

Using vector method, prove that the following points are collinear.



A(6, -7, -1), B(2 -3, 1) and C(4, -5, 0)

Answer

Let us understand that, two more points are said to be collinear if they all lie on a single straight line.
Given: A (6, -7, -1),B (2,-3,1) and C (4, -5, 0).

To Prove: A, B and C are collinear.

Proof:

Let us define position vectors. So,

Position vector of A= 6i — 7] — k

Position vector of B= 2i — 3j + k

Position vectorof C = 41 — 5§

So, in this case if we prove that AR and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB=(2i-3j+k) - (6i—-7]— k)

> AB=2i—-6i—3j+7j+k+k

= AB = —4i +4j + 2k

And BC is given by

—

BC = Position vector of C — Position vector of B

= BC = (4i—5)) — (2i — 3] +k)
= BC=41—2i—5]+3j—k

=BC=21—-2j—k

Let us note the relation between Ag and B¢.

We know, AB = —4i + 4j + 2k

OrAB = —2(2i — 2] — k)

Or AB = —2 x BC [/ BC = 21— 2j — k!

This relation shows that Ag and B¢ are parallel to each other.
But also, B is the common vector in 35 and BC.

= AR and B¢ are not parallel but lies on a straight line.

Thus, proved that A, B and C are collinear.

2 B. Question

Using vector method, prove that the following points are collinear.
A(2, -1, 3), B(4, 3, 1) and C(3, 1, 2)

Answer

Given: A(2,-1,3),B(4,3,1)and C(3, 1, 2).



To Prove: A, B and C are collinear.
Proof:

Let us define position vectors. So,

Position vector of A= 2i —j + 3k

-

Position vectorof B=41+ 3] + k
Position vector of C = 31 +j + 2k

So, in this case if we prove that A and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB = (4i+3j+k) — (21 —j+ 3k)
>AB=4i—2i+3j+j+k—3k

= AB =2i+4j— 2k
And BC is given by

—

BC = Position vector of C — Position vector of B

= BC=(31+]+2k)— (41 +3+k)

-

3i—4i+j-3j+2k—k

&l
I

=
>BC=-i-2j+k

Let us note the relation between Ag and B¢.

We know, AB = 2i + 4j — 2k

OrAB = —2(-i—2j+Kk)

Or A8 = —2 x BC [+, BC = -1 —2j + kI

This relation shows that Ag and B¢ are parallel to each other.

But also, § is the common vector in Ag and B¢-

= aAg and BC are not parallel but lies on a straight line.

Thus, proved that A, B and C are collinear.

2 C. Question

Using vector method, prove that the following points are collinear.
A(1, 2,7), B(2, 6, 3) and C(3, 10 -1)

Answer

Given: A(1,2,7),B(2,6,3)and C(3, 10, -1).

To Prove: A, B and C are collinear.

Proof:

Let us define position vectors. So,

Position vector of A= i+ 2j + 7k



Position vector of B = 2i + 6] + 3k

Position vectorof C= 31+ 10j -k

So, in this case if we prove that AR and B¢ are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB = (21 + 6j + 3k) — (1 +2j + 7k)

= AB =2i+6j+3k—1-2j—7k

= AB =2i—1+6]—2j+3k—7k

= AB =1+ 4j— 4k

And BC is given by

BC = Position vector of C — Position vector of B

-~

= BC = (3i+ 10j— k) — (21 + 6] + 3k)

= BC =1+ 4j— 4k

Let us note the relation between A and BC.

We know, BC = i + 4j — 4k

OrBC = AB

This relation shows that 35 and B¢ are parallel to each other.
But also, B is the common vector in 35 and B¢-

= AR and B are not parallel but lies on a straight line.

Thus, proved that A, B and C are collinear.

2 D. Question

Using vector method, prove that the following points are collinear.
A(-3, -2, -5), B(1, 2, 3) and C(3, 4, 7)

Answer

Given: A (-3,-2,-5),B (1, 2,3)and C (3, 4, 7).

To Prove: A, B and C are collinear.

Proof:

Let us define position vectors. So,
Position vector of A= —31 — 2j — 5k
Position vector of B = 1+ 2j + 3k

Position vector of C = 31 + 4] + 7k



So, in this case if we prove that AR and B( are parallel to each other, then we can easily show that A, B and
C are collinear.

Therefore, AR is given by

AB = Position vector of B — Position vector of A
= AB = (i+ 2j +3k) — (-3i— 2j — 5k)

= AB =i+ 2j+3k+3i+2j+5k

= AB=1i+3i+2j+2j+3k+5k

= AB = 4i+ 4j+ 8k

And BC is given by

BC = Position vector of C — Position vector of B

= BC = (3i+ 4§+ 7k) — (i + 2j + 3k)

= BC=3i+4j+7k—1—2j—3k
= BC=3i—1+4j—2j+7k—3k

= BC = 2i + 2j + 4k

Let us note the relation between Ag and B¢.

We know, AB = 4i + 4j + 8k

Or AB = 2(2i + 2j + 4k)

Or AB = 2 x BC [ BC = 2i + 2j + 4k]

This relation shows that Ag and B¢ are parallel to each other.
But also, § is the common vector in Ag and B¢-

= aAg and BC are not parallel but lies on a straight line.

Thus, proved that A, B and C are collinear.

2 E. Question

Using vector method, prove that the following points are collinear.
A(2,-1,3),B(3, -5 1)and C (-1, 11, 9).

Answer

A(2,-1,3),B(3,-5 1)and C (-1, 11, 9).

To Prove: A, B and C are collinear.

Proof:

Let us define position vectors. So,
Position vector of A= 2i —j + 3k
Position vector of B = 31 — 5] + k
Position vector of C = —1 + 11j + 9k

So, in this case if we prove that A and B( are parallel to each other, then we can easily show that A, B and
C are collinear.



Therefore, AR is given by
AB = Position vector of B — Position vector of A
= AB = (31— 5] +k) — (21 —j + 3k)

= AB=3i—5j+k—2i+j—3k

P

>AB=3i—-2i—5+j+k-3
= AB =1—4j— 2k

And B is given by

BC = Position vector of C — Position vector of B
= BC = (-1+11j +9k) — (31 — 5§ + k)
=>BC=—-i+11j+9k —3i+5]—k
=>BC=-1—-31+11j+ 5]+ 9%k —k

= BC = —4i + 16j + 8k

Let us note the relation between 3g and B(-
We know, BC = —4i + 16j + 8k

Or BC = —4(i— 4j — 2k)
OrBC=—4xAB[" AB =1—4j—2k

This relation shows that 35 and B¢ are parallel to each other.
But also, B is the common vector in 45 and B(-

= AR and BC are not parallel but lies on a straight line.

Thus, proved that A, B and C are collinear.

3 A. Question

If 3.h.c are non-zero, non-coplanar vectors, prove that the following vectors are coplanar :

5a+6b+7c.7a—8b+9¢ and 33+ 20b + 5¢

Answer

Vectors parallel to the same plane, or lie on the same plane are called coplanar vectors

The three vectors are coplanar if one of them is expressible as a linear combination of the other two.

We have been given that, 53 4 gb + 7¢ 73 — 8b + 9¢ and 33 + 20b + 5¢

We can form a relation using these three vectors. Say,
53 + 6b + 7¢ = x(73 — 8b + 9¢) + y(33 + 20b + 57)

= 53+ 6b + 7¢ = 7x3 — 8xb + 9xC + 3y3 + 20yb + 5y

= 53+ 6b + 7¢ = (7x + 3y)3 + (—8x + 20y)b + (9x + 5y)¢
Compare the vectors 3, j and ¢ We get

5=7x+ 3y ...(1)



6 = -8x + 20y ...(2)

7 =9x + 5y ...(3)

Solving equations (1) and (2) for x and y.

Equation (1), 7x + 3y =5

Equation (2), -8x + 20y = 6

Multiply equation (1) by 8 and equation (2) by 7, we get
7x+3y=5[x8

-8x + 20y =6[x 7

We get

56% + 24y = 40
-56x + 140y = 42
0 + 164y = 82

= 164y = 82
82
T 164

41
82

=¥
=Yy
=2y==

Puty = 51 in equation (2), we get

1
-8 +zo(—) —6
X 2

=-8x+10=06

=-8x=6-10
=-8x=-4
=28x =4

4
=X =—
X~ 38

1
= = —
=3

Substituting x = ; andy = 51 in equation (3), we get

7 = 9x + 5y
Or9x +5y =17

sy



=14 =14

», L.LH.S = R.H.S

= The value of x and y satisfy equation (3).

Thus, 53 + 6b + 7& 73 — 8b + 9¢ and 33 + 20b + 5¢ are coplanar.

3 B. Question

If 3.h.c are non-zero, non-coplanar vectors, prove that the following vectors are coplanar :

a—2b+3ca—3b+5cand —2a+3b—4c
Answer
We have been given that, 3 — 2h + 38 —3b + 5¢and —23 + 3h — 4%

We can form a relation using these three vectors. Say,

—

3—2b + 32 =x(—3b + 5¢) + y(—23 + 3b — 40)

= 3— 2b + 3% = —3xb + 5xC — 2ya + 3yb — 4yC

= 3—2b+32=—2y3 + (—3x+ 3y)b + (5x— 4y)¢
Compare the vectors 3, j; and ¢. We get
1=-2y..(1)

-2 =-3x + 3y ...(2)

3 =5x-4y..(3)

Solving equation (1) fory,

Equation (1), -2y =1

=2y=—x

2

Puty = —é in equation (2), we get

3+3( 1) 2
X 5) =

3 > 2
=-3x—-=—
2

—6xX—3
5 =
=2-6Xx-3=-2X%X2

=

> -6x-3=-4
-4 +3

4
o
x
I

Substituting x = i andy = —g in equation (3), we get

3 =5x-4y
Or5x -4y =3



But % +3

", L.H.S # R.H.S

= The value of x and y doesn’t satisfy equation (3).

Thus, 3 — 2b + 3% 3 — 3b + 52 and —23 + 3p — 4¢ are not coplanar.
4. Question

Show that the four points having position vectors 617 — "J 1617 — 19} _ 4L3J — ﬁk ji — ﬁ_l 1 101:; are
coplanar.

Answer
Vectors parallel to the same plane, or lie on the same plane are called coplanar vectors
The three vectors are coplanar if one of them is expressible as a linear combination of the other two.

Let the four points be denoted be P, Q, R and S for 6i — 7j, 161 — 19] — 4k. 3j — 6k and 2i — 57 + 10k
respectively such that we can say,

Position vector of P = 61 — 7§

Position vector of Q = 161 — 19] — 4k

Position vector of R = 3j— 6k

Position vector of S = 2i — 5] + 10k

Let us find pQ, PR and ps.

So,

P_Q) = Position vector of Q — Position vector of P
= PQ = (16i — 19§ — 4k) — (61— 7))

= PQ =161—19) — 4k—6i+ 7]

= PQ = 161 — 61 — 19§ + 7j — 4k

= PQ = 10i — 12] — 4k

Also,

PR = Position vector of R — Position vector of P
= PR = (3§ — 6k) — (61— 7§)

—_—

= PR=3j— 6k—6i+ 7]



= PR = —6i+3j+7j — 6k
= PR = —6i+ 10j — 6k
And,

PS = Position vector of S — Position vector of P

—

= PS = (21 — 5§+ 10k) — (61— 7)
= PS = 2i — 5+ 10k — 61 + 7]
= PS = 2i — 61 — 5] + 7j + 10k

—

= PS = —4i +2j + 10k

Now, we need to show a relation between pg, PR and ps.

So, PG = xPR + yPS

= 101 — 12§ — 4k = x(—61 + 10j— 6k) + y(—41 + 2j + 10k)

= 10i — 12j — 4k = —6x1 + 10xj — 6%k — 4yi + 2yj + 10yk

= 101 — 12] — 4k = (—6x — 4y)i + (10x + 2y)j + (—6x + 10y)k
Comparing coefficients of §, j and k, we get

-6x - 4y = 10 ...(i)

10x + 2y = -12 ...(ii)

-6x + 10y = -4 .. (iii)

For solving equation (i) and (ii) for x and y, multiply equation (ii) by 2.
10x + 2y =-12[x 2

= 20x + 4y = -24 ...(iv)

Solving equations (iv) and (i), we get

20x + 4y = -24

-6x -~ 4y = 10
14x + 0 = -14

- 14x = -14

Put x = -1 in equation (i), we get

-6(-1) -4y =10
=6-4y =10
=-4y =10-6
=>-4y =4

4
=y= ~3
s>y=-1

Substitute x = -1 and y = -1 in equation (iii), we get



-6x + 10y = -4
=-6(-1) + 10(-1) = -4

=26-10=-4
=-4=-4
", LH.S =R.H.S

= The value of x and y satisfy equation (iii).

Thus, 61 — 7§, 161 — 19§ — 4k 3j — 6k and 2i — 5j + 10k are coplanar.
5 A. Question

Prove that the following vectors are coplanar :
2i—j+k.i—3j—5k and 31 —4j—4k

Answer

Vectors parallel to the same plane, or lie on the same plane are called coplanar vectors
The three vectors are coplanar if one of them is expressible as a linear combination of the other two.
We have been given that, 2i —j + k. { — 3 — 5k and 31 — 4j — 4k.
We can form a relation using these three vectors. Say,

2i —j+ k=x(1— 3] — 5k) + y(31 — 4j — 4k)

= 2i —j+k =xi — 3x] — 5xk + 3yi — 4yj — 4yk

= 2i—j+k=(x+3y)i+ (—3x— 4y)j + (—5x — 4y)k

Comparing coefficients of §, j and iz, we get

2=x+3y...(1)

-1 =-3x-4y...(2)

1 =-5x-4y...(3)

Solving equations (1) and (2) for x and y.

Equation (1), x + 3y = 2

Equation (2), -3x -4y = -1

Multiply equation (1) by 3.

X+3y=2[x3

=3Xx+ 9y =6 ...(4)

Solving equations (4) and (2), we get

3IX+9y =6
-3x -4y =-1
0+5y=>5
=25y =5
5
=V ==
=%
=>y=1

Put y = 1 in equation (1), we get



=X+ 3(1)=2
=>2Xx=2-3
=>X=—1

Substituting x = -1 and y = 1 in equation (3), we get
-5x -4y =1

=25-4=1
=21=1
~, LLH.S =R.H.S

= The value of x and y satisfy equation (3).

Thus, 21 —j + k. 1 — 3] — 5k and 3i — 4j — 4k are coplanar.
5 B. Question

Prove that the following vectors are coplanar :
i+j+k.2i+3j—k and —j—2j+2k

Answer

We have been given that, { 4§ + k. 2i + 3§ — kand —j — 2j + 2k-
We can form a relation using these three vectors. Say,
i+j+k=x(2i+37-k) +y(-i—2j+2k)

= i+j+k=2xi+3x]—xk—yi—2yj + 2yk
=1+j+k=(02x—y)i+ (E@x—2y)j+ (—x+2y)k
Comparing coefficients of §, j and ik, we get
1=2x-y...(1)

1 =3x-2y..(2)

1=-x+2y..(3)

Solving equations (1) and (2) for x and y.

Equation (1), 2x -y =1

Equation (2), 3x -2y =1

Multiply equation (1) by 2.

2x-y=1[x2

= 4x -2y =2 ...(4)

Solving equations (4) and (2), we get

4x — 2y = 2
Xx-2y=1
=) )
x+0=1

=2x=1



Put x = 1 in equation (1), we get

l1=2x-y
=1=2(1)-y
=21=2-y
sy=2-1
sy=1

Substituting x = 1 and y = 1 in equation (3), we get
1=-x+2y
Or-x+2y=1
>-(1)+2(1)=1
=-1+42=1
=1=1
", L.H.S = R.H.S
= The value of x and y satisfy equation (3).
Thus, § +7+ k 21 + 3] — kand —i — 2j + 2kare coplanar.
6 A. Question
Prove that the following vectors are non-coplanar :
3i+j-k.2i—j+7k and 7i+j+23k
Answer
Vectors parallel to the same plane, or lie on the same plane are called coplanar vectors
The three vectors are coplanar if one of them is expressible as a linear combination of the other two.
We have been given that, 3 +§—k 21 —j+ 7k and 7i —j + 23k
We can form a relation using these three vectors. Say,
3i+j—k=x(21—7+7k) +y(71 -] + 23k )
= 3i+]—k = 2xi —xj + 7xk + 7yi — yj + 23yk
=31+j—k=(2x+ 79)i+ (—x—y)j+ (7x + 23y)k
Comparing coefficients of §, j and i, we get
3=2x+ 7y ...(1)
=-X-Y..(2)
-1 =7x+ 23y ...(3)
Solving equations (1) and (2) for x and y.
Equation (1), 2x + 7y = 3
Equation (2), -x -y =1
Multiply equation (2) by 2.
X-y=1[x2
=-2x -2y =2..(4)



Solving equations (4) and (1), we get

2x+ 7y =3
—2x -2y =2
0+5y =5

=5y =5

o] o

=y =

=>y=]_

Puty = 1 in equation (2), we get

l=-x-y
=1=-x-(1)
=21=-x-1
=>x=-1-1
=X =-2

Substituting x = -2 and y = 1 in equation (3), we get

-1 =7x+ 23y

Or7x + 23y =-1

=7(-2) + 23(1) =-1

=-14+23=-1

=29 = -1

“, LLH.S # R.H.S

= The value of x and y doesn’t satisfy equation (3).

Thus, 3 +§— k. 2i —j + 7k and 7i — j + 23k are not coplanar.
6 B. Question

Prove that the following vectors are non-coplanar :
1+2j+3k.21+j+3k and { + j+k

Answer

We have been given that, { 4 2j + 3k 21 +j + 3kand i +j + k.
We can form a relation using these three vectors. Say,
i+2j+3k=x(2i+]+3k) +y(i+j+k)
=i+2]+3k=2xi +xj+3xk+yi +yj+yk
=i+2]+3k=02x+ i+ x+Yj+Gx+yk
Comparing coefficients of §,  and i, we get
1=2x+y..(1)

2=x+Yy..(2)

3=3x+Yy..(3)

Solving equations (1) and (2) for x and y.



Equation (1), 2x +y =1

Equation (2), x +y =2

2x+y=1
X+y=2
== G)
x+0=-1
=x=-1

Put x = -1 in equation (2), we get

2=X+Yy
=2=(1)+y
>y=2+1
>y=3

Substituting x = -1 and y = 3 in equation (3), we get
3=3x+y

Or3x+y=3

=3(-1)+(3) =3

=-3+3=3
=20=3
», L.LH.S # R.H.S

= The value of x and y doesn’t satisfy equation (3).
Thus, § + 2j + 3k 2i +j + 3kand { + j + k are not coplanar.
7 A. Question

If QEE are non-coplanar vectors, prove that the following vectors are non-coplanar :

2a—-b+3ca+b-2cand g+b-3¢
Answer

Vectors parallel to the same plane, or lie on the same plane are called coplanar vectors

The three vectors are coplanar if one of them is expressible as a linear combination of the other two.

.

We have been given that, 25 —h + 38 5+ b — 2¢and 3+ p — 3¢

We can form a relation using these three vectors. Say,
23-b+3t=x(3+b-28) +y(3+Db-30)

= 23— b+3¢=x3+xb—2xC+ya+yb—3yC
=23—b+3¢=(x+y)3+ (x+y)b + (—2x — 3y)¢
Compare the vectors 3, ; and ¢. We get
2=x+Yy..(1)

-l=x+vy..(2)

3 =-2x-3y...(3)



Solving equations (1) and (2) for x and y.
Equation (1), x +y =2

Equation (2), x +y =-1

We get
X+y=2
X+y=-1
(-1) (-1) (+)
0+0=3

The value of x and y cannot be found so it won’t satisfy equation (3).

—

Thus, 93 —p + 38 3+b — 2¢and 3 + | — 3¢ are not coplanar.
7 B. Question

If QEE are non-coplanar vectors, prove that the following vectors are non-coplanar :

a+2b+3c2a+b+3cand g pc

Answer

We have been giventhat, 3 + 2h + 38 23 +b + 3¢and 3+ ph + &
We can form a relation using these three vectors. Say,
i+2b+3¢=x(28+b+38) +y(E+b+0)

=3+ 2b+3C=2x3+xb+3xC+y3a+yb+yl
=3+2b+38=(2x+y)a+ (x+ )b+ (3x + y)¢
Compare the vectors 3,  and ¢ We get
1=2x+vy..(1)

2=x+Yy..(2)

3=3x+Yy..(3)

Solving equation (1) and (2) for x and vy,

2x+y=1
X+y=2

Put x = -1 in equation (2), we get

=22=X+Yy
=22=-1+y
>y=2+1
s>y=3

Substituting x = -1 and y = 3 in equation (3), we get
3=3x+y
Or3x+y=3



=3(-1)+3=3

=-3+3=3
=20=3
“, L.LH.S # R.H.S

= The value of x and y doesn’t satisfy equation (3).

Thus, 3+ 2b + 3% 23+ b + 3¢and 3 + b + g are not coplanar.

8. Question

Show that the vectors 3_b. ¢ givenby g = + j:i_ 3k. b=2i _:i_31;- and ¢ =i _j_ll; are non-coplanar.
Express vector d = 2 — J _ 3k as a linear combination of the vectors 3 [, and ¢ .

Answer

Vectors parallel to the same plane, or lie on the same plane are called coplanar vectors

The three vectors are coplanar if one of them is expressible as a linear combination of the other two.

Given that

=
d

i+ 25+ 3k

(=i
Il

2i+7+3k

i+j+k

A
Il

Let

i=xb+yt

=i+2j+3k=x(2i+j+3k) +y(i+j+ K

= i+2]+3k=2xi +xj+3xk+ yi +yj+yk
=i+2{+3k=(2x+ i+ x+yj+GBx+nk
Comparing the coefficients of i, j and §, we get
1=2x+y..(1)

2=Xx+Yy..(2)

3=3x+y..(3)

Solving equation (1) and (2), we get

2x+y=1
X+y=2

ISISYS)

x+0=-1

=X =-1

Substitute x = -1 in equation (2), we get

2=x+y
=22=-1+y
>y=2+1



Put x = -1 and y = 3 in equation (3), we get
3=3x+y

=3 =3(-1)+3

=23=-3+3

=23=0

- L.H.S # R.H.S

= The value of x and y doesn’t satisfy equation (3).
Thus, 3 =1+ 2§+ 3§,E:2f+]~+3§and ":f+]‘+ﬁare not coplanar.

Let § be depicted as,

d=x3+yb+z¢ ™

Substitute the value of 3, , Z and .

21—7—3k=x(1+2j+3k) +y(21 +j+ 3k) + z(i+ 7 + k)

= 2i—j—3k =xi + 2xj + 3xk + 2yi + yj + 3yk + zi + 7j + zk
=2i—j—3k=(x+2y+2)i+@x+y+2)j+(3x+3y+2)k
Comparing the coefficients in {, j and ik, we get
2=x+2y+2z..(1)

-l=2x+y+2z..(2)

-3=3x+3y+2z...(3)

From equation (1),

2=X+2y+z

=2z=2-x-2y...(4)

Putting the value of z from equation (4) in equations (2) & (3), we get
From equation (2),

-l=2x+y+z

=2-1=2x+y+ (2-x-2y)

=2-1=2Xx+y+2-x-2y

22X -X+y-2y=-1-2

=2>X-y=-3..(5)

From equation (3),

-3=3x+3y+2z

=-3=3x+ 3y + (2-x-2y)

=2-3=3x+3y+2-x-2y

=23X-X+3y-2y=-3-2

=2X+y=-5...(6)

Solving equation (5) and (6), we have



Substituting x = _g in equation (5), we get

X-y=-3

(9

—8—3y
3 =
=2-8-3y=-3x%x3

=

=-8-3y=-9
=>3y=9-8
=>3y=1

1
::-y—3
Now, substitute x = —gand y= é inz=2-x-2y, we get

2~(-3)-2()
=Z= 3 3

2+8 2
= 7= -

3 3

24272

=7z= _—
3

6+8-—-2
= =
z 3

6+6
=Fg=—
=73

12
=>z—3
=z7z=4

g 1 _

Wehavegotxz—g,yZEandz—A

Put these values in equation (*), we get

H—( a)*+(1)ﬂ+-‘-}+
“\73/)77 13 ¢
Thus, we have found the relation.

9. Question

Prove that a necessary and sufficient condition for three vectors 3.} and ¢ to be coplanar is that there exist

scalars 1.m.1n not all zero simultaneously such that |3 = mb ~nec =0.

Answer



Given: The vectors 3, , and ¢

To Prove: (a). Necessary condition: The vectors 3, E’ and ¢ will be coplanar if there exist scalar |, m, n not all
zero simultaneously such that |3 + mb + né = 0-

(b). Sufficient condition: For vectors 3, E’ and ¢, there exist scalar I, m, n not all zero simultaneously such that
E+mb+nt=0

Proof:

(a). Necessary condition: Let 3, j; and ¢ are three coplanar vectors.

Then, one of them can be expressed as a linear combination of the other two.
Then, let z — x3 + yb

Rearranging them we get,

Xa+yb—¢e=0

Here, let

We have,

E+mb+nc=0

Thus, if 3, E,’ and ¢ are coplanars, there exists scalar I, m and n (not all zero simultaneously zero) such that
I3 + mb +né = 0-

.. necessary condition is proved.

(b). Sufficient condition: Let 3, E’ and ¢ be three vectors such that there exists scalars |, m and n not all

simultaneously zero such that |3 + mb + n¢ = 0-

-
la+mb+né=0

.
=nc¢=-la—mb

Now, divide by n on both sides, we get

1 my —
sc=(—-)a-(3)b

n n
Here, we can see that
¢ is the linear combination of 3 and .
= Clearly, 3, p and ¢ are coplanar.

.. sufficient condition is also proved.
Hence, proved.

10. Question

Show that the four points A, B, C and D with position vectors 3_ b, ¢ and { respectively are coplanar if and

onlyif 33— 2b+c—2d=0



Answer

Given that,

Position vector of A= 3@

=i}

Position vector of B =
Position vector of C = ¢

Position vector of D = d

=

Let A, B, C and D be coplanar.

As we know that, the vectors 3, i, € and { will be coplanar if there exist scalar x, y, z, u not all zero
simultaneously such that x3 4 yb + z¢ + ud = 0-

Then, we can write
xa+yb+zi+ud=0
Where, (x+y+2z+4+u)=0
Provided x, y, z, u are scalars not all simultaneously zero.
Lletx=3,y=-2,z=1andu=-2
So, we get
= 33-2b+c-2d=0
Thus, A, B, C and D are coplanar if3z — 2h + ¢ — 2d = 0-
=
If33 —2b+¢—2d =0 is true.
Rearranging it, we get
= 33+¢=2b+2d
Dividing this from the sum of its coefficient (that is, 4) on both sides,
3i+¢ 2b+2d
4 4

Or 33+¢ _ zb+2d
341 2+2

= There is a point say P, which divides the line AC in ratio 1:3 and BD in ratio 2:2 internally.

Thus, P is the point of interaction of AC and BD.

As, vectors parallel to the same plane, or lie on the same plane are called coplanar vectors.

Hence, A, B, C and D are coplanar.

Exercise 23.9

1. Question

Can a vector have direction angles 45°, 60°, 120°.

Answer

We know that, If I, m, n are the direction cosine of a vector and a, B, y are the direction angle, then -

| = cosa, m = cosB, n = cosy



Now, substituting I, m, n in equation (i), we get -

2 2

&) + 6 () -

4
|
+
|
+
|
|

=>1=1

= L.H.S =R.H.S

. A vector can have direction angles 45°, 60°, 120°.

2. Question

Prove that 1, 1, and 1 cannot be direction cosines of a straight line.
Answer

Here,I=1, m=1,n=1

And, we know that -

Z4+m2+n2=1

Taking LHS,

2+ m2+n?=(1)2 + (1)2 + (1)2

=3

=1

= LHS#RHS

-1, 1, and 1 cannot be direction cosines of a straight line.

3. Question

A vector makes an angle of /4 with each of x - axis and y - axis. Find the angle made by it with the z - axis.
Answer

Given, o = E,B - E,y —y

| = cosa

T
= COS—
4



= m = *-f_i
And, n = cosy
Also,
Z+m2+n2=1

2

(5) + () +costy =1
= |—= — cosTy =
NG NG v

l+l+ : 1
=>2 2 cos“y =

=1+ cos?y=1
= cos?y = 0
=cosy =0
=y = cost0
=y ==

2

s

The angle made by the vector with the z - axis = 3
4. Question

A vector 1_ is inclined at equal acute angles to x - axis, y - axis, and z - axis. If H = 0O units, find 1_

Answer

Here,a =B =y

= COSQ = COSP = cosy
=|=m = n = p(say)
Now, we know that -
2+m24+n2=1
>p2+pl+pl=1

=3p2=

1 1 1
=6(x=i+x—=j+ =K
V3 V3 V3
6
=+—=(i+j+ b
V3

Now, multiplying and dividing it by v3



5. Question
A vector ; is inclined to the x - axis at 45° and y - axis at 60°. If H =8 units, find 1.

Answer
Here, a = 45°, = 60°,y = 6 (say)
| = cosa

= cos45°

1 =

-
Sl

m = cosa

= cos45°

m = -
2

n = cos6
Now, substituting |, m,n in

2+ m2+n2=1,

1
=n=+c
2

CE=F(1T+mi+nk)

6. Question

Find the direction cosines of the following vectors :
L 21+2j-k

ii. 61—2j-3k



iii. 31 — 4k

Answer
() 2i+2j-k
Here,

The direction ratios of the vector 21+ 2j - kare2,2,-1
221
71" ¥ IF
2 2 -1
V(22 + 22 + (-1)2'V(22 + 22 + (—1)2'V(22 + 22 + (-1)2

The direction cosines of the vector =

2 2 1
IR R
22 1
3’3" 3
- The direction cosines of | are given by Eg —51
(i) 61—2j—3k
Here,

The direction ratios of the vector 61-2j-3kare6,-2,-3

The direction cosines of the vector = %%ﬁ
6 —2 -3
TV(6? + ()7 + (=32 V(67 + (-2)% + (=3)2'V(6? + (—2)7 + (-3)?
6 -2 3
T Va9V V&
_ 6 -2 3
777 7

. . . — . & 2 3
~ The direction cosines of ;- are given by 73T

(i) 31 —4k
Here,

The direction ratios of the vector 37- 4k are 3,0, - 4

The direction cosines of the vector = 2 g —

IF1” 71 [l

3 0 —4
TV(3% + 0% + (—)2°V(32 + 02 + (—4)2 V(32 + 02 + (—4)2
3 4
IR
3,4
5 5

- The direction cosines of | are given by E 0, —‘—_L

7. Question



Find the angles at which the following vectors are inclined to each of the coordinate axes :
Li-jek

i -k

li. 41+ 8j+k

Answer

(N i-j+k

Let, 7=1-j+k

The direction ratios of the vectort=1,-1,1
And, [F| =V ((1)2 + (- 1)? + (1)?)

=V3

1 —_1 1

The direction cosines of the vectorT = EE
r I I

1 -1 1
T V333
So,
1 = cosa = i
V3
a = cos™! !
V3
1
m = cosf = —\.—@
B = cos‘l(—i)
V3
1
n = cosy = =
Yy = cos‘lTl§
v

Thus, angles made by with the coordinate axes are given by cos—l%,cos—l(—%),cos‘l—
v v

=

V3
(i) j—k
Let, 7=01T+j-k
The direction ratios of the vectort=0, 1, -1
And, [F| =V (02 + (1)2 + (- 1)?)
=2

The direction cosines of the vector T = L1

w17 1wl

0 1 -

r r

V2 W2 W

=

03]

So,



2
e
=3
1
n = cosy = 5
y = cos‘l(—i)
V2
s
y¥="mn-7
3m
ey

Thus, angles made by with the coordinate axes are given byg,g,%ﬂ
(i) 41 +8j+k
Let, =41 +8j+k
The direction ratios of the vectort =4, 8, 1
And, [F| =V ((4)? + (8)% + (1)?)
=8l
=9
1

The direction cosines of the vector T = %’%’ﬁ
r T r

4 —811
- 9' 9’9
So,

l 4
= cosa = —
9
a = cos 1=
8
m = cosp = =
P 9
8
1
= cos -
g 9
n = cosy = —
1
y = cos™*t



Thus, angles made by with the coordinate axes are given by cos'lg,cos'lg,cos'lé
8. Question

Show that the vector 1 _:]' _1:; is equally inclined with the axes OX, OY and OZ.

Answer
Letr=1+j+k
And, [P =V ((1)2 + (1)2 + (1)?)

=v3
Therefore, The direction cosines of the vectort = ﬁI_TTITll
r I I

1 1 1

»

\,@’\-3 V3

Now, let a, B and y be the angles formed by T with the positive directions of x, y and z axes.

Then,
We have,

1
cosa = E,COSB = E,cosy = m_3

Hence, the given vector is equally inclined to axes OX, OY and OZ.

9. Question

7| =

Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ are

»

w
@l
wll &
@l
wll

Answer

Let a vector be equally inclined to axes OX, OY, and OZ at angle .

Then, the direction cosines of the vector are | = cosa, m = cosa and n = cos
And, we know that -

2+m2+n2=1

2 2 2

cos‘a + cos“a + cos“a =1

3cosla =1

= cosq = +

ol =

v

1 1
BRI T

Hence, the direction cosines of the vector which are equally inclined to the axes are+ =

10. Question

If a unit vector ; makes an angle T with 12 with J and an acute angle 8 with k then find 6 and hence,
3 -
the components of 3

Answer
Let unit vector T have (rq, ry, r3) components.
=T = r1T+ r2j + r3i<

Since, T is a unit vector.



=>r|=1
Also, given that ¥ makes angles g with ?,E with j and an acute angle 8 with k

Then, we have:

Iy
And, cos— = —

]

1 .. _

= 5= r, (7 [F]=1)

Iy
Also, cosB = —

¥

Now, [T =1
=\/(r12 + r22 + r32) =1

2

1y’ 1 ,
=>(—) +(—) + cos“B =1

2 V2

l+l+ 0 =1
=>4 2 cos“0 =

3 2
=>Z+c058=1

= coshb = =
5 s
= = —
3
- n
I3 = COS;
1
2
-8 = Zand the components of T are - (E,é,i)
3 24272
11. Question
Find a vector I_ of magnitude 3\.’5 units which makes an angle of T and T with y and z - axes respectively.
) 4 2

Answer

Let I, m, n be the direction cosines of the vectort
| = cosaq,

m = cosP

T
= COS—
4



1
vz

And, n = cosy

T
= COS—
2

=0

Also, 12+ m2+n2=1

2

= 12+(i) +0=1
V2
=:'l=—i-i
5

AE=F(IT+mi+nk)

==

1 -
= B»fz(i—TJr — i+ Ok)
7z

-

(Given, [t | =3V 2)
>7T=+31+3]
12. Question

A vector ; isinclined at equal angles to the three axes. If the magnitude of | is j\/g_ find ;-

Answer

Let I, m, n be the direction cosines of the vector ™
Vector 7 is inclined at equal angles to the three axes.
| = cosa, m = cos a, n = cosa

=|=m=n.

Also, we know that -

2+m2+n2=1

cos2a + cos?a + cos?a =1
3cos2a =1
1
= oS = +—
V3
. . . . . . 1 1
Hence, the direction cosines of the vector which are equally inclined to the axes arei—ﬁ, i_q:
W W

- 2»’r3(iiii i
V3 T3
(Given, [t | =2V 3)
>T=+21+2]+2k)
Very short answer

1. Question

Define “zero vector”.

-
=



Answer

Zero vector is a vector which has magnitude is 0. It is denoted by {.
2. Question

Define unit vector.

Answer

A unit vector is a vector whose magnitude is 1. It is denoted by capping the vector whose unit vector is
required. For instance, the unit vector of g will be 4.

3. Question

Define position vector of a point.

Answer

A position vector is a vector which tells the relative position of any point in space with respect to origin. This
vector starts from origin and its head lies on the point itself. If The x, y, z coordinates of the point is xq, y1,
z7, the position vector will be equal to X i+ oy i+ 2,0

4. Question

Write ITQ +RP =+ Q_R in the simplified form.

Answer

Any vector ﬁj if the position vectors of point P (5) and Q () are known, can be written as § — p.

-

Let the position vectors of points P, Q, R be 3, 7,7

—

Then PG + QR+ RP =(§—p)+ (F—§)+ (F—7)=0
5. Question

If & and b are two non-collinear vectors such that x3 +y b = 0. then write the values of x and y.
Answer

Since ¢ and j; are non-colinear vectors, the only way the equality yg + yg =0 will hold is if x=y=0.
6. Question

If 3 and 1_3 represent two adjacent sides of a parallelogram, then write vectors representing its diagonals.

Answer

In the above figure, 4F — A'B' — @, A4’ — BB’ = b AB' = ¢ and

BA =d

Using parallelogram law of vector addition, we can say that



i+b=candd+d=bord=b—d

Also, —Z and — d are the diagonals of the parallelogram.

Hence the diagonal vectors of a parallelogram formed by vectors g and p will be +(d + p) and i(f{ —a)
7. Question

If 3. b. ¢ represent the sides of a triangle taken in order, then write the value of 3 + | + ¢.

Answer

o

Let AABC be the required triangle with 4B = ¢ BC =4 and CA = b.

»

Any vector AE, if the position vectors of point A () and B () are known, can be written as j, — 7.

=

Let the position vectors of points A, B, Cbe 4B, (.

Then@+b+é=BC+CA+4B=(C-B)+(A-C)+(B-4) =0
8. Question

If 3. b ¢ are position vectors of the vertices A, B and C respectively, of a triangle ABC, write the value of

AB+BC+CA -

Answer

Any vector AE, if the position vectors of point A () and B () are known, can be written as  — 3.

Since the position vectors of points A, B, C are g, 5 ¢, we get
AB+BC+CA=(b-ad)+(-b)+(@-&) =0

19. Question

If 3. b. ¢ are position vectors of the points A, B and C respectively, write the value of AB + BC + AC -

Answer

Any vector AR, if the position vectors of point A (g) and B (3) are known, can be written as 3 —a-

Since the position vectors of points A, B, Careg p ¢ we get

AB+BC+CA=(b-a)+(6-D)+(@a-) =0
10. Question

If 3. b. ¢ are the position vectors of the vertices of a triangle, then write the position vector of its centroid.

Answer



In the figure, D is the mid-point of AB, so it divides AB in 1:1 ratio. CD is a median of AABC. G is the centroid
of the triangle and by the property of triangle, G divides CD in 2:1 ratio.

The position vector of point D can be calculated using the section formula for vector, which states that the
position vector of a point(#) dividing two position vectors(g gnd b) in ration m:n, internally is

7 =
mb + nd
m+n

-
C =

So, j _ bxa _ a+b

141 2

Similarly, using section formula for G between points C and D, we get

. a+b . L
. 2d+¢ 2X——+cC d+b+¢é
9=%71 7 3 BE

11. Question

If G denotes the centroid of A ABC, then write the value of GA + GB + GC.
Answer

Let the position vector points A, B, C be d’jand ¢. Then the position vector of G will be atbtc
3

Any vector A_B) if the position vectors of point A (g) and B (3) are known, can be written as 3 — i

Then, G4 + GB +GC = (d— 22 4 (5 — £28) 4 (¢ - &2)
—d+b+é—(@+b+é&) =0
12. Question

If 7 and b denote the position vectors of points A and B respectively and C is a point on AB such that 3AC =
2AB, then write the position vector of C.

Answer
Given that the position vector points A, B are g, b

Let us assume that C lies between A and B.
Then AB=AC+BC

Given that 3AC=2AB=2(AC+BC)

= AC=2BC

Therefore AC: BC=1:2



Also, since the ratio is positive, our assumption was correct.

Using section formula, g — 1xb*2xa _ b+2a

1+2 3

13. Question

If D is the mid-point of side BC of a triangle ABC such that AR + AC = 7. AD. Write the value of A.
Answer

Let the position vectors of A, B and C be 5’3 and ¢

Then the position vector of § will be b+c
2

Any vector a5, if the position vectors of point A (g) and B (3) are known, can be written as 3 —a-
Then, 4B + AC = 4D
=(b-d)+(@-a)=d-ad)

Substituting value of 4, we get

L. b+é& b+¢—2d
b+c—2a=4 5 —d|l=A——

2
ﬁ’%:lor)\=2

14. Question

If D, E, F are the mid-points of the sides BC, CA and AB respectively of a triangle ABC, write the value of
AD +BE + CF.

Answer

Let the position vectors of A, B and C be 7 j and ¢

Then the position vector of 4 5 and £ will be bte % and 2*@ respectively.
2 2

Any vector AF, if the position vectors of point A () and B (p) are known, can be written as j — 4.

15. Question

If 3 is non-zero vector of modulus a and m is a non-zero scalar such that m 7 is a unit vector, write the
value of m.

Answer

The modulus of g is a, therefore g can be written as modulusxunit-direction=g % @
Given that mg has the magnitude of 1, therefore ma x @ has magnitude of 1 or ma=1.Hencem = 1
a

16. Question

If 3. b. ¢ are the position vectors of the vertices of an equilateral triangle whose orthocentre is at the origin,



then write the value of 3 + b + ¢.

Answer

Since in an equilateral triangle, orthocenter and centroid coincide, therefore the position vector of centroid is
0-

Also, the position vector of centroid G (§) can be defined as &+2*¢
3

a+b+c

Therefore, —phence g+ ph+2=0

17. Question

Write a unit vector making equal acute angles with a coordinates axes.

Answer

Let the angle made be a. We know that the sum of squares of direction cosines of a vector is 1. SO, we get

cos2a+cos2a+cos2a=1

1
cos’a= 3 = cosa = +

-
ol =

Since, a is acute therefore cosa = %
J
Any vector, if it's magnitude and direction cosines are given can be written as m(cosai + cosfj + cos*yﬁ)

So the required vector is 1(%1‘ + %j + %fﬁ)
v v v

Rationalizing, we get"'a_a(f_kj + k)

18. Question

If a vector makes angles a, B, y with OX, OY and OZ respectively, then write the value of sina + sin?p +
)
sin4y.

Answer
The sum of squares of direction cosines of a vector is 1.

Let the angles made by vector be a, B, y. Then, we get

2q+cos?B+cos?y=1

cos
using cos20=1-sin%0, we get
(1-sin2a) 4+(1-sin?B) +(1-sin?y) =1
Or, sin2a+sin2B+siny=2

19. Question

Write a vector of magnitude 12 units which makes 45° angle with X-axis, 60° angle with y-axis and an obtuse
angle with Z-axis.

Answer

Let the angles made by vector be a, B, y and the magnitude be m.
Given that a=45°, B=60° and m= 12. We have to figure out the vector.
Since cos2a+cos?B+cos?y=1, we get

€05245°+c05260°+cos2y=1



C+ = tcosty=1 2y L +
= — —_ = = = —_ a =
5ty Heosy cos®y = orcosy =+

[SSREE

Since y is obtuse, cosy = —g.
Any vector, if it’'s magnitude and direction cosines are given can be written as m(cosai + cosfj + cosyE)
So the required vector is 12(%3 + éj— éfﬁ)
N
Rationalizing, we get ¢,/2f + 6j — 6k
20. Question
Write the length (magnitude) of a vector whose projections on the coordinate axes are 12, 3 and 4 units.
Answer
Since Ly=12, Ly=3 and L,=4 are given, we can find out L by
L2= L 2+L,2+L,2
=122+32+42
=1444+9+16=169
Hence L=13 units.

21. Question

Write the position vector of a point dividing the line segment joining points A and B with position vectors
7 and b externally in the ratio 1 : 4, where 3 = 2j + 3j+ 4k and h = — + i+ k.

Answer

If a point R(¥) divides the vector joining point P(5) and Q(§) externally in the ratio m:n, then

= =
2 mp — ng
m-—n

Here, = @=2i+3j+4k §=b=—i+j+k m=1andn=4

1-4 -3

Then 7 — 1(zi+3j+4k)—4(-i+j+k) _ 6i-j 1 (=61 + )
2 J
22. Question
Write the direction cosines of the vector ¥ = ﬁi — 2:]' + 3L

Answer

The direction cosines of a vector § = a; i+ a,j+ aaf& are

a, a;
cosa = ,cosfi = and
(v 21 a0 21 .2 (fa 21 a2 1.2
Va2 + a? +ay? Ja i+ a? +ag?
Qs
cosy =
2 2 2
Va2 t+a,?+ag

In this question, a;=6, a,=-2 and a3=3, Substituting in formulas we get

6 6 8 -2 =2 d 3 3
oSt =—=—,008p = ——=— and co __ = _
Va9 7 vas 7 V=@ 7

23. Question



fg=1+ _]1_3 = J +kand ¢ =k + i. write unit vectors parallel to i+b-2¢
Answer

Giventhat g =i +j,b =j+k and é = i + k. We get

. o . . -~ . A a a
The unit vector of any vector g = a,i+ a,j+ agk can be written as @ = B —v'm

—i+2j—k
JEDZ+24(-1)8

Then, d = =Cx (—i+2j-k)

Both 4 and — d will be parallel to 4, therefore the answer is J_r%é x (2f—1—k)
24. Question

If 3 = 1 + QJ b= J + :L write a unit vector along the vector 33 — 2.
Answer

Given that ¢ — { + 2,5 = j + 2k, we get

3@—2b=3x (i+2j)—2x (j+2k) =30 + 4j — 4k

. ~ . - a a
The unit vector of any vector § = a,i+ a,j+ a;k can be writtenas a = = =

= —_—
a| Vet rast+ag?

Let d = 3¢ —2b

3i+aj—4k a1

The unit vector in direction of j is d

25. Question

Wr|te the p05|t|on vector of a point dividing the line segment joining points having position vectors
i _j_’\k and 21 —j+ %L externally in the ratio 2 : 3.

Answer
. If a point R(#) divides the vector joining point P( 3) and Q( 7) externally in the ratio m:n, then
. mp—ng

T om-—-n

Here, = i+j—2k g=2{—j+ + 3k, m=2 and n=3

Then 7 — 2{i+j—2kz—_33(2i—j+3k] _ —4i+i—1ak — 47— 5j+ 13k
26. Question
If g = 1 —JE = J _L C :L"; + 1 fine the unit vector in the direction of 3 . |, = ¢.

Answer

Giventhat g =i+jb=j+kandé=1+k weget

G+D+é=1+j+j+k+1+k=20+2]+2k



~ - a a
The unit vector of any vector 3 = g.1 7 can be writtenas @4 = = = ———
y a=a,i+a,j+azk 3~ Jatrasitagt

=

letd=G+b+¢

5 2i+2j42k VI o o T
Then, d i o X (I+j+k)
27. Question

If3=3i—j—4k.b=2i+4j-3k and ¢ =i+2j—k, find ‘35—25—45‘.

Answer

-~

Giventhat g — 3 —j —4k,b = 2i + 4] — 3k and ¢ =i + 2j — k. we get

o~

—5+4 =3x
11% 3k

(31— j—4k)— (20 +4f —3k) +4x (i +2f— k)
1i+j—13

The magnitude of any vector § = a,i+a,j+ aaﬁ can be written as |d] = Vfalz + a,? + ay?

|3 — b +4¢| = J112 + 12 + (—13)% = v291

28. Question

A unit vector ¥ makes angles T and T with J andl:; respectively and a acute angle 6 with 1 Find O.
-

o -

Answer
The sum of squares of direction cosines of a vector is 1.

Let the angles made by vector be «, B, 8. Then, we get
cos?a+cos2B+cos26=1

Given that a = % and B = g we have to calculate 6
i i
2 2 2
cos“ -+ cos —+cos“8=1
3 2
= cos?f = i = coszg (Since 6 is acute)

Hence, 8 = z
(3]
29. Question

Write a unit vector in the direction of 7 = 3{ — j:i +6k.

Answer
~ - a a
The unit vector of any vector § = 4.1 7 n written i=—==——
eu ector or any vector g a,i+ (12]-0-0‘.3;( can be en as El Jartraytragt

Given that @ = 3; — 2j + 6k

3i-2j+6k

We get a= W

—(35— 2j + 6k)
30. Question
If 3 = 1 + 2:]'_31:; and p = ji + 4:i_ 9L find a unit vector parallel to 3 + 1,

Answer



Given that G — { + 2j — 3k and b = 21 + 4f + 9k, We get

G+D=i+2j—3k+2i+4j+ 9k = 3i + 6] + 6k

~ = a a
The unit vector of any vector § = 4.1 7 n written i=—==——
eu ector or any vector g ai+a;j+ agk can be en as El Jartrastragt

letd=ag+b

Then, d = ==L = 2 (i + 2] + 2k)

V32462462 B
Both 4 and — d will be parallel to 4, therefore the answer is i% x (1 +2j + 2k)
31. Question

Write a unit vector in the direction of { = ji + J + jk

Answer
. R A . ~ . . d 7
The unit vector of any vector § = a,i+ a,j+ a;k can be written as @ = @ = Jaitrayirar

Given that j = 21 + j+ 2k

~ 2i+j+2k 1 e W ~
Wegeth =——0r—=-
get b Moo (20+]+2k)

32. Question

Find the position vector of the mid-point of the line segment AB, where A is the point (3, 4, -2) and B is the
point (1, 2, 4).

Answer
If the co-ordinates of a point A= (xy, y1, 71), then the position vector of A(q) is
d=x,0+y,j+zk

Given that A=(3,4,2) and B=(1,2,4), we get position vector of A7) and B(}). Let the midpoint be C(¢)

G=30+4j+2kandb =1+ 2j + 4k

The position vector of midpoint of two vectors is defined by arb
2

é= = 2i+3j+ 3k
33. Question
Find a vector in the direction of 3 = ji _:i + jk which has magnitude of 6 units.

Answer

Given that d = 2f —j + 2k

. N . . -~ . o a _ a
The unit vector of any vector § = a,i+ a,j+ azk can be written as @ = @ = Jaitrayirar

R 21— j+ 2k 1 .
= ==(2I—j+ 2k)
J22+(-12+22 3

Let the required vector be j.

Any vector (5) with magnitude m and unit vector g can be written as = m x d.



Since the magnitude of j is 6 and it’s unit vector is 4, we get

- 1 . -
d=6><§(23—j‘+ 2k) = 41— 2j + 4k

34. Question

What is the cosine of the angle which the vector \El + J _1; makes with y-axis?

Answer
The angle that a vector g = a, i+ a,j+ ag,fg makes with y-axis is
az

—
Va2 + a? +az?

cosfl =

In this question, a;=,/2, a,=1 and a3=1, Substituting in formulas we get

1 1
cosff =—==—
35. Question
Write two different vectors having same magnitude.
Answer

i and j both have magnitude 1 but different directions. { is along x-axis and j is along y-axis.
36. Question

Write two different vectors having same direction.

Answer

i and 2i both have the same direction but different magnitudes, 1 and 2.

37. Question

Write a vector in the direction of vector "1 _:]' + 21;- which has magnitude of 8 unit.

Answer

Given that ¢ = 5{ —j + 2k

. . . . - . P a
The unit vector of any vector @ = a,i+ a,j+ a;k can be written as @ = A~ Jadrarrar
R 51— j+ 2k V30 .
= = (51— j+ 2k)
JB2+ (-1)2+22 30

Let the required vector be j.
Any vector (p) with magnitude m and unit vector ¢ can be written as = m x d.

Since the magnitude of j is 8 and it’s unit vector is 4, we get

5 V30 . - 430 . -
d=8x¥(5;—;+2k)= o (5i—j+2k)

38. Question

Write the direction cosines of the vector 1 1 jj 1 3,L

Answer



The direction cosines of a vector g = a, i+ a,j+ aaf& are

ay a;

cosa = ,cosfi = and
(. 2F a2+ q.2 (a2 F a.2+ q.2
Va2 + ay? +az? Ja?+ a2 +a;s’?
g
cosy =
—————
Va2 +a?+ ag?

In this question, a;=1, a=2 and a3=3, Substituting in formulas we get

1 V14 5 2 2y14 d 3 3v14
cosa =——=——,005b = ——= ana cosy = —=
V14 14 V14 V14 14

39. Question
Find a unit vector in the direction of 3 — 2j — 3,j +6k.
Answer

Given that @ = 27 — 3j + 6k

. . . . - . P a
The unit vector of any vector @ = a,i+ a,j + a;k can be written as @ = A~ Jadrarrar

R 2f—3j+ 6k 1
a= =-(2i—3j+6k)
J22+(-3)2+62 7

40. Question

For what value of ‘a’ the vectors 217 — 3:i + 4L and ai + 6:]' —81:; are collinear?

Answer

Two vectors @ = a,i+ a,j+ agﬁ and p = byi+ byj+ bg.fE are collinear , if and only if,:—i = z—: = z—:.

Here @ = 2f —3j + 4k and b = af + 6] — 8k

Hence, 2=2-2%
a [ -8

Solving this equality, we get

a=-4

41. Question

Write the direction cosines of the vectors _j{ _:i — ‘RL

Answer

The direction cosines of a vector @ = a,i+ a,j + aafﬁ are

ay a;
cosa = ,cosfi = and
(v 21 1 241 .2 (fa 21 a 2412
Ja i+ a? +ag? Ja i+ a?+ag?

3
cosy =
—_,———
Va2t a2+ a;?

In this question, a;=-2, a,=1 and a3=-5, Substituting in formulas we get

_—2_—\% 1 _\% i _—5_—\%
COSG—E— 15 ,COS,B—E—EG?I COS}’—E— 6

42. Question



Find the sum of the following vectors: g = 1 _jj_E = ji _3:]'_5 = ji‘ 1 3L
Answer

d=1i—2j,b=2i—3jand é = 20 + 3k

Then G+ b+¢=1—2f+2i—3j+ 20 + 3k = 5{ — 5§+ 3k

43. Question

Find a unit vector in the direction of the vector 7 — 3i — j:i + 6k

Answer

Given that @ = 37 — 2j + 6k

. N . . -~ . A a a
The unit vector of any vector g = a,i+ a,j+ azk can be written as @ = @ —v'm

31— 2j + 6k 1

= = (31— 2j+ 6k
J32+(—2)2+62 7 ( / )
44. Question

If 3 = xi 1 jj — 21:; and b = 3{ — }.-j 1 L are two equal vectors, then write the value of x + y + z.
Answer

Two vectors @ = a,i+ a,j + agjﬁ and p — byi+ byj+ bgﬁ are equal , if and only if, a;=bq, ay=b,, az=bs
Here @ = xi +2j —zk and j = 3{— yj + k

Hence, we get x=3, -y=2=y=-2 and -z=1= z=-1

45. Question
Write a unit vector in the direction of the sum of the vectors 3 = 2{ + j:i - RL and h = 21‘ _:i - "L

Answer

ol

—2i+2f—5kandp=2i+j—7

=1

d@+D=20+2f— 5k+20+j— 7k = 41 + 3 — 12k

Let d = 4i + 3j — 12k

\ - i - a a
The unit vector of any vector 7 = q.1 7 can be writtenas @ = = = ———
y a=a,i+a,j+azk @ Ja2+agi+ag’

4i+3j-12k

Hence, dn =" =
J4Z2+324(-12)2

= (40 +3f — 12k)
13
46. Question
Find the value of ‘p’ for which the vectors 3{ + 2:]' + 91:; and 1 - jp:]' + 31:; are parallel.
Answer
s ag

= - N S — . . -~ . . ﬂ_____
Two vectors @ = a,i+ a,j+azk and p = p.i + b,j+ b,k are parallel , if and only if, bi =% by

Here @ = 31 + 2j + 9k and j = i — 2pj + 3k

3 2 9
Hence, - = —= -
1 —2p 3



Solving this equality, we get

1
P="3
47. Question

Find a vector 3 of magnitude 5\5_ making an angle of /4 with x-axis /2 with y-axis and an acute angle 6
with z-axis.

Answer

Let the angles made by vector be a, 8, 6 and the magnitude be m.

Given that ¢ = E,JB = % and m = 5v2. We have to figure out the vector.

Since cos2a+cos?B+cos26=1, we get

ZH ZH 2
cos E—l— cos E+cos =1

1 ) 5 1 1
= —+cos0=1= cos“0=—orcosfd =+ —
2 2 N

b3l

al=

ra

Since 8 is acute, cosf =

Ny
Any vector, if it’'s magnitude and direction cosines are given can be written as m(cosai + cosfj + Coge,fé)
So, the required vector is 52 (\;—131‘+ \,_li'fe) = bi + 5k

48. Question

Write a unit vector in the direction of }T} where P and Q are the points (1, 3, 0) and (4, 5, 6) respectively.
Answer

If the co-ordinates of points A= (x1, y;, z1) and B= (xy, y5, Z3), then the vector 4B is

4B = (xp = x1)i+ (2 = 71)j + (2~ 21k

Given that P=(1,3,0) and Q=(4,5,6), we get

PQ = 3i+2j+ 6k

. . . . -~ . P a

The unit vector of any vector g = a i+ a,j+azk can be written as @ = a —v'm
— 3i+zj+ek 1. N -

Hence, PQ = —=2% = 2 (3{ + 2j + 6k)

V32422462 T 7
49. Question

Find a vector in the direction of vector 217 _3:i + 6L"; which has magnitude 21 units.

Answer

Given that @ = 2f — 3j + 6k

. . . . - . . a a
= i=—==+—
The unit vector of any vector ¢ = a,i+ a,j + a;k can be written as @~ Jatrarar

R 2f —3j+ 6k 1
a= =-(2i—3j+6k)
J22+(-3)2+62 7

Let the required vector be j.



Any vector (p) with magnitude m and unit vector g can be written as p = m x a.

Since the magnitude of j is 21 and it's unit vector is g, we get

=+ 1 -~ ™
d =21 x = (20— 3] + 6k) = 61 — 9] + 18k

50. Question

If |a|=4 and -3 = A = 2, then write the range of

2a|.
Answer

Given that || = 4 and -3=A=2

We have to figure out range of |Ad]|

In calculating the modulus of a vector multiplied by a scalar quantity, the sign of the scalar quantity does not
matter, only it's absolute value does.

Hence the minimum value of |Ad@| = 0 when A=0 and maximum value of |Ad| = 12 when A=-3.

51. Question

In a triangle OAC, if B is the mid-point of side AC and QA = 4. OB = b. then what is ocC ?
Answer

Given that the position vectors of point A and B are g and }. Let the position vector of point C be Z.
The position vector of B will be defined as

d+c
2

ol

=

=2b—d

i1

52. Question

Write the position vector of the point which divides the join of points with position vectors 33 _ :E and
23 + 3p in the ratio 2:1.

Answer

If a point R(7) divides the vector joining point P(3) and Q(g) externally in the ratio m:n, then

= =
. mp-—nq
m-—n

Here, 5 = 3G — 2b § = 2d + 3b M=2 and n=1

2(3d-2b)-(2d+3b)
2-1 -

We get, f = 4d —7b

MCQ
1. Question

Mark the correct alternative in each of the following:

Ifina A ABC, A= (0, 0), B=(3, 3,V3), C= (-3, V3, 3), then the vector of magnitude..j7 units directed along
AO, where O is the circumcentre of A ABC is

A (1=} <(1=48]]
B. (1=-5]i <(1-4B}]



C. (1= =(+3-1)]

D. none of these

Answer
A B
Slope of a line joining two points = L7
g =Xy
Slope of AC = 22
0+3+/3
-3
B 3\;@
1
= N
Slope of AB — 9733
0-3
—3\;@
- -3
=43

Product of Slopes (AC x AB) = (: -1 \,@)

V3

-1

As the Product of Slopes (AC x AB) = -1, so AC[] AB, ie.., » CAB = 90°.
Circumcentre (O) of Triangle ABC = Mid-Point of BC

Mid-Point of BC = E-ﬁ’ 3+3.3
2 2

re 3—+3 o): 3+3V3 T 3—3\. [3+3V3\.
= 5 I+ s )Jo4A= 5 t+ 2
Now, |=~= 3—\."52 3+3\."§2
[od] = |(57) +(332)

J(9+27—18\f§+ 9+ 27 +18V/3)

oy

04| =

i -
(67| = VT8

|Eq>| =32

Unit Vector 04 = 22
[o4



1 [(3-43 . 3+3V3\ .
VAN 2 /)

Vector along p4, whose magnitude is 2/2 x {L ((3_‘5)1‘4_ (3” ‘*@)j)}

2 3
ZEXE((]_— \.@)E‘l‘ [:1+\."§)A)

= ((l — \;@)f—i- (l + \-@)A)
Option (A) is the answer.

2. Question

Mark the correct alternative in each of the following:

If 5, bare the vectors forming consecutive sides of a regular hexagon ABCDEF, then the vector representing
side CD is

AD = 4B +BC + CD -~ (i)

As, AD = 2BC {Properties of a regular hexagon, also AD || BC (Parallel)}
AD = 2BCPutting Ap = 2B¢ in equation (i),

2BC—=AB+BC+CD

BC=A4B+(CD

CD =BC — AB
CD=b—d
~CD=b—d

Option(C)is the answer.
3. Question
Mark the correct alternative in each of the following:

Forces 304, soBact along OA and OB. If their resultant passes through C on AB, then



A. Cis a mid-point of AB

B. C divides ABintheratio2: 1

C.3AC=5CB
D.2AC=3CB
Answer

4] B

5008

Draw ON perpendicular to the line AB.

Let 7 be the unit vector along ON,

The resultant force g = 304 + 508 (i)

The angles between § and the forces g, 304, 505 are »CON, ,AON & ,BON respectively,
R1=304.1+50B.1

K.

1.Cos2£CON = 30A.1. Cos2£AON + 50B. 1. Cos2BON

2 204 ON+5CJBON
oc * 04 OB
R

—=(3+5
C ( )

R =8

oc
= 85¢
< DA = OC + CA -~ ()

Multiplying the equation (i) by 3,

304 = 30C +3CA (ii)
Also, 0B = OC + CE ~~" (iv)

Multiplying the equation (iv) by 5,

50B = 50C + 5CB ~~ (v)

Adding equation (iv) & (v) respectively,
304 + 508 = 30C +3CA + 50C +5CB

R =80C +3CA+5CE

80C = 80C + 3CA + 5CE

|3¢4| = [sCB|
- 3AC = 5CB

Option(C)is the answer.



4. Question
Mark the correct alternative in each of the following:

If 3, b, zare three non-zero vectors, no two of which are collinear and the vector z + bis collinear with g b+ zis
collinear with 3z, then 3+5 + ¢

A. 3

B. g

C.t

D. none of these
Answer

As g+ p is collinear with ¢,

G+b+é=EA+ 1) (iii)

Adding ¢ both sides of the equation (iii),

d+Db+c=pd+d

d+b+é=du+1) (iv)

Equating the RHS of equation (iii)& (iv), being their LHS equal,
CA+1)=d(u+1)

As, a is not collinear with c,

~A+1l=pu+1=0

i+ Db+ &= 0 {From equation (iv)}

~d+b+@=0

Option (D)is the answer.

5. Question

Mark the correct alternative in each of the following:

If Al607 <37}, B({407-38]} and C|ai-32}points are collinear, then a is equal to
A. 40

B. -40
C. 20

D. -20
Answer

A (601 + 3j). B (40i — 8j) & C (ai — 52j) are collinear,



Then 48 = ABC

4B = (40i — 8f) — (601 + 3j)

AB = 40i — 8j — 607 — 3j
4B = —20i — 11j

BC = (af — 52f) — (401 — 8j)
BC = ai — 52 — 40i + 8j

ﬁ = (a —40)i— 44j

- AB = ABC

—201 — 11j = A{{a — 40)i — 44j}

—20f — 11j = A(a — 40)i — 144j

Comparing the LHS & RHS of the above mentioned equation,
+—20=2(a—40) & — 441 = —11

—11

;;|,=_—44

Ll
T4

1
—20=-(a—40
4(a )

-80 = a - 40
40 - 80

V)
I

a=-40

~a=-40

Option (B) is the answer.

6. Question

Mark the correct alternative in each of the following:

If G is the intersection of diagonals of a parallelogram ABCD and O is any point, thenoa + 0B +0C+0D =
A.20G
B.40G
C.s50G
D.30G

Answer




Let us consider the point O as origin.

G is the mid - point of AC.

_. O0A+o0C

20G = 04 + OC - (i)

Also, G is the mid— point of BD,

_. OB+0D
e OG = ——
2
206G = OB + OD (ii)

Adding eq. (i) & eq. (ii),

20G + 20G = 0A + OC + OB + 0D

40G = 0A+ OC + OB + 0D

= 0A+0C+ 0B+ 0D =40G

Option (B) is the answer

7. Question

Mark the correct alternative in each of the following:
The vector cosa cos i+ cosesinB] +sinck iS @
A. null vector

B. unit vector

C. constant vector

D. none of these

Answer

CosaCosPi+ CosaSinBj + Sinak

|CosaCos,81‘ + CosaSinfj + Sinafﬁ|

= JCoszaCoszﬁ + Cosa®Sin’p + Sin‘a

= /Cos?a(Cos?B + Sin?B) + Sina

= /Cos?a(1) + SinZa

frmeZm 4 Cin2 e
=./Cos?a+ Sin‘a

Hence, the given vector is a unit vector.

Option (B) is the answer

8. Question

Mark the correct alternative in each of the following:

In a regular hexagon ABCDEF, g =3 BC=b andCD =& Then, ae-



C.b-z

D.z+1b+22

Answer

~AE =b+¢

Option (C) is the answer

9. Question

Mark the correct alternative in each of the following:

The vector equation of the plane passing through 3,b, ¢is 7= «3 +pb + +¢, provided that
Aa+B+y=0

Ba+B+y=1

Ca+B=y

D.a?+B2+y?=1

Answer

As a plane passing through g 5’) é,
Lines 7 — p and ¢ — d lie on the plane.
The parametric equation of the plane can be expressed as,

F—d+2,(@—b)+1,(¢—a)

F=a(l+ 1, —A,)— A,b+A,¢
As, 7 = ad+ pb + yé
~a+f+y
=144, A, — A, + A,

~a+f+y=1



Option (B) is the answer.
10. Question
Mark the correct alternative in each of the following:

If O and O’ are circumcentre and orthocentre of A ABC, then oa - o8 + oC equals

A. 200

C.
D.20'0

Answer

Let the vertices of the triangle ABC be A (7), B (3) & C (g), with respect to the origin.
O (x,y) is the circumcentre & O’ (0,0) is the orthocenter.

a+hb+¢

W

~ G =

As the centroid ‘G’ divides the orthocentre ‘C’ (x,y) and circumcentre (0,0) in the ratio 2 : 1.

By using Section Formula,

d+b+¢
3

B 2(0) + 00’

3
04 +O0F +0C = 30G
+30G =00
=04+ 0B +0C = 00'
Option (B)is the answer.

11. Question

Mark the correct alternative in each of the following:

f 3, b, €and dare the position vectors of points A, B, C, D such that no three of them are collinear and
b b+d then ABCD is a

C
+b+E=

i

A. rhombus
B. rectangle
C. square

D. parallelogram



So, the position vector of mid - point of BD = Position Vector of mid - point of AC.
Hence the diagonals bisect each other.

Therefore the given figure ABCD is a parallelogram.

Option (D) is the answer

12. Question

Mark the correct alternative in each of the following:

Let G be the centroid of A ABC. If 2E + 3, AC = b, then the bisector G, in terms of 3 andbis

Let A be the origin, then 35 — 7 A¢C — b, implies that the position vectors of B and C arej, & ¢ respectively.

Let AD be the median and G be the centroid.

Then,

Position Vector of p — 2*F
2

Position Vector of ; — 2+
3



2
.AG == (d@+D)
3
2
4G =Z(a+Dh)

Option (A) is the answer.

13. Question

Mark the correct alternative in each of the following:

If ABCDEF is a regular hexagon, then &b + EE + FC equals.
A. 2AB

B.3

C.3AB

D.4AB

Answer

A B

FC = 24B

AD + EB = 2BC + 2FA
AD + EB = 2(BC + FA)
AD + EB = 2(40 + FA)
As, BC = 40

In triangle AOF,
FA+40 +FO =0

» FA+ A0 = —FO

-~ AD +EB = —2F0
And, 45 = —_F0

= AD + EB = 24B

~ AD +EB + FC = 24B + 24B
~AD +EB + FC = 44B
= 448

Option (D) is the answer

14. Question



Mark the correct alternative in each of the following:

The position vectors of the points A, B, C are 2i+ j-k, 3si —27+k and i+ 4j - sk respectively. These points
A. form an isosceles triangle

B. form a right triangle

C. are collinear

D. form a scalene triangle

Answer

T+9+4

CA

CcA

4B = /(12 + (-3)7+ (2)?
4B =y

4B

— V12

CA= (17 +(-3)2+(2)?

=Vi+9+4

CA
CA
CA=1a
BC =/(=2)2+ (6)7+ (—4)?
BC

=ya4+36+16

BC =56

- [4B| = |ca]

Hence the triangle is isosceles with two sides equal.
Option (A) is the answer

15. Question

Mark the correct alternative in each of the following:

If three points A, B and C have position vectors i+ xj+ 3k, 3 +4j+ 7k and yi-2j-sk respectively are collinear, then
(x,y) =

A. (2,-3)



B. (-2, 3)

C. (-2, -3)

D. (2, 3)

Answer

i4+xj+3k 30+ 4+ 7k & yi — 2j — 5k

i+4f + 7k — (1 + xj + 3k)

o Y
=]
Il

)

BC = yi —2j — 5k —31 — 4j — 7k
BC=(y—3)i—6j— 12k

- the given vectors are collinear.

—_— —

~ AB = ABC
20+ (4 —x)j+ 4k = Ay — 3)i—64] — 124k
After comparing the equations,

My—3)=24—x=—-61&—-121 =4

i= b _ 1
—12 3
-'-(—%)(y—3)=2

y-3=-

y=-6+3

y=-
4—1=—6(—E)

3

4-x=2

X=4-2

X=2

(x,y) =1(2,-3)

Option (A) is the answer.
16. Question
Mark the correct alternative in each of the following:

ABCD is a parallelogram with AC and BD as diagonals. Then, ac -gp -

A. 1aB



D. 15

Answer

-+ ABCD is a parallelogram with diagonals AC and BD.
i€ —AB + BC &

AD = AB + BD~ BD = AD — 4B

. A — BD

_ 4B + BC — (4D — 4B) {~ 4D = B¢}

=48 + BC —4D +4F

=248

Option (C) is the answer.

17. Question

Mark the correct alternative in each of the following:

If OACB is a parallelogram with o-_zand ap_§, then qp
A. (a=b)

B. (a-b|

0B + BC = 0C
0B = 0C — BC

04+ AB = 0B
20A=d—h
. (a-b)
04 =
2
Eq’—l i—b
=5(@-b)

Option (D) is the answer.
18. Question
Mark the correct alternative in each of the following:

If 3 andbare two collinear vectors, then which of the following are incorrect?

A. b =i afor some scalar A



B.3==b

C. the respective components of 3 andb are proportional

D. both the vectors 3 andb have the same direction but different magnitudes
Answer

If 4 & 3 are collinear vectors, then they are parallel,

Then, p — a3

For some scalar ]

If 1 = +1, then,

d=+b

G = a,i+ a,j+ ask &b =bi+ b,j+ byk

-
b=Aid

[l
.

-

bi + b,j + byk = Aa i+ ayj+ ask)

b+ byj+ bk = Aa i+ da,j+ Aask

~ by = Aa,
~ b, = Aa,
~ by = Aa,
Db by _ ks

e
a,; 4, as

Thus, respective components of ; g p are proportional.

However the vectors j g p can have different directions.

Statement given in D is incorrect.

Option (D) is the answer.

19. Question

Mark the correct alternative in each of the following:

If figure which of the following is not true?

C

A. AB+BC +CA=0
B. AB+BC -AC=0
C. AB+BC -CA=0

D. sB—cB +CA=0
Answer

~AB +BC = AC



Subtracting ¢4, from both the sides of the above mentioned equation,
AB +BC—CA=A4C —CA

Solving RHS,

- CAi-TA

= —2CA

--LHS # RHS

Hence, it is not true.

AB +BC — CA

Option (C) is the answer.
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