DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 14
Unit # 14, VECTORS

Scalar Quantity:
A scalar is a quantity that has only magnitude or size, such as mass, time, density, temperature, length, volume,
speed and work etc.
Vector Quantity:
A vector is a quantity that has both magnitude and direction, for example displacement, velocity, acceleration,
weight, force, momentum, electric and magnetic fields, etc.
Geometric Interpretation of Vector:

Geometrically, a vector is represented by a directed line segment ABwith A its initial point and B its terminal

point.
Magnitude/L ength/Norm of a Vector: e
The magnitude (or norm or length) of a vector in 2D represents the
length of the vector from the origin to the point represented by the
vector. For any vector u=[x,y] in R?, we define the magnitude , .;‘ Px. )
1M
as the distance of the point P(x,y) from the origin O. * ¥y
|u|=/x* +y? = +>

Unit Vector:
A unit vector v (read as v hat) of a given vector v is a vector with magnitude one and direction same as vectorv .
Mathematically i.e. \}:ﬁ
v

Null Vector:
A vector whose terminal point coincides with its initial point is called null or zero vector.

Equal Vectors:
Two vectors u and v are said to be equal, if they have same magnitude and same direction.

Parallel Vectors: Two vectors are parallel if an only If they are non-zero scalar multiple of each other. For

example, AB, —AB and %ﬁ are parallel

Position Vector:
A vector which describes the location of a point w.r.t origin is called position vector. The vector, ?
whose initial point is the origin O and whose terminal point P is called the position vector of p

the point P and is written as OP OF

0
Distance between two points in space:

If OP1 and OP: are the position vectors of the points P,(X,,¥;,2,) and P,(%,,Y,,2,), the vector PP, is given
by ?Pézo—PZ’_o_Piz[XZ_xl’yz_yl’ZZ_zl]

Distance between P, and P, = ‘@‘ = \/(xz — x1)2 +(y, - yl)2 +(z,— zl)2
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Direction Angles and Direction Cosines of a Vector:

MATHEMATICS-11 (PECCTA) Unit # 14

If [=@ = X1 +Y]+zk be a non-zero vector. If «, /3,y are direction angles of a single vector such that

0<a<r0<pB<70<y<r then cos’a+cos’ B+cos’ y =1 where the numbers cosc,cos S and cosy

are called direction cosines of the vector r
EXERCISE 14.1]

Q1 Letu=3i+2j-5k,v=i-5j—k and w=-4i- j+7k. Find the following.

(i) U+2v+w

Solution:
Uu+2v+w= 31+2i—5£+2(1—5i—5)+(—41—i+7k)
=i-9]

(i) v-3w

SolutionT

v-3w=1i-5j—k—-3(-4i-j+7k)

1-5j-k+12i +3j-21k

=13i -2j-22k
(i) [Bv+w
Solution:

[y +w

=[3(i-55 k) +(-4i -+ 7]
=[3i-15j -3k —4i — j +7k|
=|-i-16j +4K|

- \J/(Z-%) +(~16) +(4)

Q.2  Find the magnitude of the vector v and write the direction cosines of Vv :

()  v=3i-2j+6k

Solution:
lv|=+/9+4+36=7
: . v 3i-2j+6k
Unitvectorof Vis=—=—_= —
B 7
023 20,8
7 1= 7

(ii) vV=—4i+4j]+2k
Solution: -
V| =/(—4)" +42+22 =6
Unit vector of Vv is,
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~ vy Ai+4j+2k 20 201
=== —=——j+=j+=k
37 3= 3

v 6
~ 2. 2 1
V=——i+—]J+=k
3 3= 3
So,
L . 221
Direction cosines are, ——,—,—
333
(iii) \_/:—61+8j
Solution:
v/=|-6i+8]
_ ‘/(—6)2 +(8)° =+/36+48 =+/100
Jv|=10
Unit vector of V is,
~ v —6i+8] 3. 4.
V=s==——7—==—=1+—]
v 10 57 5=
So, direction cosines are, —g,g,o

Q3  Find t sothat [2i +(t-1) j +tk| =13
Solution:
We have, ‘21+(t —1)i+t5‘ =413

= J(2) +(t=1) +(1)’ =413

= JArt? -2t 41+t =13
Squaring both sides, we have,

2t? - 2t+5=13
= 2t*-2t-8=0
Gives t?—t—4=0
Using quadratic formula, we have,
(D= (- -40)(-4) 127
2(1) 2
Q.4 Find a unit vector in the direction of v =—i +4j -8k

t=

Solution:
We have,

[v] = (1) +(4)° +(-8)’
v|=V1+16+64 = |v[=9

So unit vector of V is,
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Q5 Ifu=2i+j-3K v=—i+4j+2k and w=3i-2j+Kk , find a unit vector parallel to 4u —3v +2w

Solution:
Given vector is 4U —3V + 2w, so we have,

4u—3v+2w= 4(21+j—3g)—3(—1+4j+2I§)+2(31—2j+|5)
=17i -12j-16k
So it’s magnitude is

|4u —3v + 2w = \/(17)2 + (—12)2 + (—16)2

=/289+144 + 256

=+/689

Hence required unit vector is
17 12 16

= i — j— Kk
689~ /689 ] /689 ~

Q.6 Find a vector whose
(i) Magnitude is 5 and is parallel to 3i +4j -k

Solution:
Let u :31+4i—K

so it’s unit vector will be,

 Biv4jk  3i+4jk

u= = = =
V@ + @2+ (7 Vo161

3i+4j-k

V2%

1
Hence the required vector will be 50 i.e; 50 = %—

(i) Magnitude is 7 and is parallel to —i + j+K.
Solution:

Letv=—i+]j+k

So its unit vector will be,

Ay —i+j+k

V=—= - —

NS
~ —1+]j+k

N
—i+j+k

NE)

So the required vector will be 7V i.e;
—71+7i+7£

NG

V=

=
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Q7 Mu=xi+2j+3k, v=1i+yj—3k and w=-2i —3] represent the sides of a triangle, find the values of x and

y.
Solution:
If u=xi+2j+3k,v=1i+yj—3k and w=-2i—3] represent the sides of a triangle then we must have

ie; (x+1)i+(2+y)j=-2i-3j

Equating co-efficient of i and j, we have Xx+1=-2=Xx=-3 and2+y=-3=y=-5.
Q.8  The position vectors of points A,B,CandDare U=1+2j+k, v=7i+8j+4k,

w=—i+K, z=1+2]+2k respectively. Show that AB s parallel to CD.

Solution:
Here we have

AB=0OB-OA=v-u
=(7i+8j+4k)—(i+2j+k)

So AB = 61 +6j+3k and similarly
CD=0D-0OC=z-w
=(i+2j+2k)~(-i+k)

CD=2i+2j+k

AB and CD will be parallel if AB=ACD (4 #0)
So we have @=61+6j+3g

AB =3(2i+2]+k)

Gives AB=3CD

Which shows that AB is parallel to CD.
Q.9  Wesay that two vectors v and w in space are parallel if there is a scalar ¢ such that v =cw the vectors point

in the same direction if ¢ >0, and the vectors point in the opposite direction if c<0.

Solution:
@ Find two vectors of length 2
parallel to the vector

V= 21—4i+4g
Solution:
V= 21—4i+4g

V| = /22 + (4)? + (4)* =+/36 =6

If it is unit vector parallel to v then,

L v 2i-4j+4K
vVe—=— =

L 6
—gl—ﬂj+£k=—l— j+3k

The two vectors of length 2 and parallel to vV are 2V and —2v

zgzz(ll_zﬂgkj
37 37 3

and —2v=-2 1l—zj+gk
37 3= 3
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2. 4. 4

2v=—i-—j+-k
37 3= 3
and —22:—31+fj—ﬂg
37 3= 3
(b) Find the constant « so that
the vectorsy=i-3j+4kand w=ci +9j—12k are parallel.
Solution:

If vand w are parallel then, v=cw
i-3j+4k=c(ai+9j-12k)
I-3j+4k =cai +9cj —12ck

Comparing both side
ac=1...(1), 9c=-3

c=—%, Putin (i),a:(—%):l

a=-3
(©) Find a vector of length 5 in the direction opposite that of v=1i-2j+3k.

Solution:

V=1-2j+3K =4/ +(-2)*+(3)* =1+ 4+9 =14 If ¥ be unit vector in the direction

of v then v v_1-2j+3
\Y _ = = @@=
’ M~ Vi

Thus the required vector of length 5 and direction opposite is:

59— 5| L2l +3K
- J14

_ 5,10, 15,
N NVEN Ve

(d) Find a and b so that the vectors 3i — j+4k and ai +bj —2k are Parallel.

Solution:
Let v=3i- j+4kandw=ai +bj -2k
v and w are parallel if w=cv
ai +bj—2k =c(3i - j+4k)
ai+bj—2k =3ci—cj+4ck
Comparing both sides

a=3c ...(i), b=—c ...(ii),

—2=4cmﬁm:zc=—%

Put value of ¢ in equation (i) and (ii), we have
a= 3(_—1] and b= —E_—l)
2 2
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a=_—3 and b:l
2 2

MATHEMATICS-11 (PECCTA) Unit # 14

Q.10 A spacecraft moves from point (120, 240, —50) to point (130,210,80) in kilometers. What is the

magnitude of the displacement vector in kilometers?
Solution:

Let A(120,240,-50) and B(130,210,80) then displacement vector will be AB =OB —OA

= (130, 210,80) (120, 240, -50)
So, AB=10i —30 j +130k

So magnitude of displacement will be ‘ﬁ‘ = \/(10)2 + (—30)2 + (130)2

‘E‘ =10+/179 kilometers

Q.11 Find the direction cosines for the given vector:
Solution:

()  u=-6i+3j+2k
Juj=|-61 +3] +2k|

= J(-6)7 +(3)2 +(2)?

=7
u —6i+3j+2k
vb===——
u 7
So, direction cosines of u are: _§§Z
777
(i) v=4i+2j-5k
Solution:
v=4i+2j-5K

=41 +2j—5k| = /(4) +(2)° + (-5 =/45=3\5
The direction cosines of v are:
4 2 B

35’36 3
(iii) PQ, where P =(9,3,13) and Q=(11,6,19)
Solution; L

PQ =0Q-0P =(11,6,19)-(9,3,13)

PQ=2i+3j+6k

PQ| =2+ @) +(6) =7

The direction cosines of W} are:

236

7'7'7

Q.12 Which of the following triples can be the direction angles of a single vector:

(i) 45° 45° 60°
Solution:
45° 45° 60°
Let « =45°, p=45° y=60°
We are to show that
cos’ a+cos’ B+cos’ y =1
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L.H.S =cos®(45) +cos®(45) +cos®(60°)

IRCIRDERS

2+2+1 5
= =—=1

4 4
Thus the given angles are not direction angles of a vector.

(i) 30°,45°,60°

Solution:
Let @ =30°, f=45° y=60°
We are to show that
cos’ a +cos’ B+cos’ y =1
LHS=
c0s*(30°) + cos?(45°) + cos’® (60°)

2 2 2
(V3] Lj (1) _3,1.1
2 J2 2 4 2 4
_3+2+1 6

—=1
4 4

Thus the given angles are not direction angle of the vector.
(iii)  45°,60°,60°
Solution:

Let « =45°, f=60°, y=60°

We are to show that

cos’ a +cos’ B+cos’ y =1

L.H.S =cos’(45°) + cos? (60°) + cos®(60°)

(- -4

_2+1+1 _ﬂ

4 4
Thus given angles are direction angles of a single vector.

=1
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