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Physical Quantities

Scalars » Magnitude
Mass Temperature
Volume Power
Length Charge
Area Angle
Speed Energy

Magnitude
Vectors <
Direction
Force Torque
Displacement Weight
Velocity Electric Field
Acceleration Momentum




Q. Classify the following measures as scalars and vectors.

Sol. (i) |13 kg ||— Scalar

(ii) |2 meters south - west| | - Vector

(iii) |45° | [ —= Scalar

(iv) |4 joule || - Scalar

(v) (10721 coulomb | | = Scalar

(vi) [30m/s?||— Vector




Vector [ - Directed Lines l
A quantity that has

magnitude as well as
direction.

Initial Point

Terminal Point

Directed Line Segment

AB=d

—

Magnitude: AB|=a




Position Vector Y

—

OP=r7

In A QOR
0Q* = OR* + RQ?

OQZ =X2 +y2

INn A POQ

OP =+/0Q2 + PQ?

0P| = /x2+y2+ 22 =|F| =71




Position Vector 4

OA=4d |04| = a
OB=hb |OB| = b
0C = ¢ |0C| = ¢




Types of Vectors

Zero/Null Vector

Unit Vector

Coinitial Vectors

Collinear Vectors

Equal Vectors




Types of Vectors

Zero/Null Vector A vector whose initial and terminal points coincide.

. EX. AA,BB
Unit Vector e
— |44| = 0
Coinitial Vectors
. [BB| =0
Collinear Vectors

Equal Vectors




Types of Vectors

Zero/Null Vector | A vector whose magnitude is unity.

Unit vector in the direction of d is a.

Unit Vector
— a ., a
Coinitial Vectors o q >
5 a —
Collinear Vectors a = m lal =1

Equal Vectors




Zero/Null Vector

Unit Vector

Coinitial Vectors

Collinear Vectors

Equal Vectors

Types of Vectors

Two or more vectors having the same initial points.

a,b and ¢ are coinitial vectors.




Zero/Null Vector

Unit Vector

Coinitial Vectors

Collinear Vectors

Equal Vectors

Types of Vectors

If two or more vectors are parallel to the same ling,
irrespective of their magnitude and directions.

a
° >
b
e >
¢
< ®

a,b and ¢ are collinear vectors.




Zero/Null Vector

Unit Vector

Coinitial Vectors

Collinear Vectors

Equal Vectors

Types of Vectors

Two vectors having same maghnitude and
direction regardless of the positions of their initial
points.

—_—
a

Qy
[l
Sl

SN

®
v
Qu
H
ay

al

4
)
Sl
H
oy

a,b and ¢ are collinear vectors.




Sol.

In given figure (a square), identify the following vectors.

O)
(id)
(iii)

Coinitial h

Equal P

Collinear but not equal P

ul

Ql

)

al

Sl



Sol.

In given figure (a square), identify the following vectors.

O)
(id)
(iii)

Coinitial jm| dand &

¢and b

Equal H band d

Collinear but not equalh a

ul

Ql

)

al

Sl



Q. Answer the following as true or false :

Sol. (i) a and —da are collinear.

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

(iii) | Two vectors having same magnitude are collinear.

(iv) [ Two collinear vectors having the same magnitude are equal.

—a a a
<€ ® > > a
° >
a b —d
° — > < °
b




Q. Answer the following as true or false :

Sol. (i) d and —d are collinear.| v

(ii) [Two collinear vectors are always equal in magnitude.| %

(iii) [Two vectors having same magnitude are collinear.| ¥

(iv) [ Two collinear vectors having the same magnitude are equal.

—a a a
<€ ® > > a
® >
a b —d
° — > < °
b




Summary

Scalar Quantity : A physical quantity that has only a magnitude.

Vector Quantity : A physical quantity that has magnitude and direction.

Directed line segment| 4B =d

n
>

Magnitude | |4B| = a
P(x,y,2)

Initial point

.y * Terminal point

Il
=y

Position vector | OP




Summary

Types of Vectors

\ 4

A 4

Zero vector

AA=0 |A4| = 0

Unit vector

\ 4

IAB| = 1

v

Coinitial vector Vectors having same initial points.

v

Collinear vector Vectors parallel to the same line.

A 4

Equal vector Vectors having same magnitude and direction.

A 4

Multiplication of a vector by a scalar axA=2Aa || 2 - Scalar

A 4

la x A| = |Ad| = Aa

Magnitude




A

B

AC = AB + BC

Triangle Law of Addition

0=AB + BC — AC

AB+BC+CA=0

AA=0




OA+ AB = OB

TEE

Terminal Point




a A

Ql
_|_
Sl
I
=)
S

OA+AC=0C =

Parallelogram Law of Addition

OB+BC=0C =|b+d=0C
d+b=b+ad

Commutative Property

a+0=0+d=24d

0 — Additive Identity



P

Associative Property

(d+b)+¢

Q

da+(b+7)

S



ld| = |b| = |¢|
Z
y A (0,0,1)
¢
0 b
a B (0,1,0)
A (1,0,0)
7l =171 =kl =1

Direction

Q)

>

o

l

.
&)

Vector | am | Magnitude x
d — la] =1 X
b > || =1 X
c » |¢] =1 X
e a —
a=|ala a=— a=1

lal
— — 1~ —~ B — A
b=|blb ||b== || b=]
||
- -1 A E') N —~
c =|cle c== ||lc=k
|c|

\ 4

Unit

Vectors

along
AXxes




04 = xi
OB = yj = AD
0C = zk = DP
INn AOAD

OD = 0A+ AD = xi +yj

In AODP

OP = OD + DP = xi+yj + zk

T =xi+yj+zk

| =

=
[l

7| = VaZ + y2 + 22

RY.

X

— Unit vector along 7






Ex. Find the unit vector in the direction of the vector 3i +j + k.

Sol. P=30+]+k

7] = /32 + 12 + 12

7] = V11

-

) 3i+j+k
'r': =

17| V11

T

[+

3 1
V11 V11]

P = +

b—\‘b—\
—




a')=a’li-l_aZ]A-l_a:;iE B=bli+sz+b3k

Sum:| d+b = (a; + by)i+ (ay + by)j + (az + ba)k

Difference:

Ql

—b = (a; — by)i+ (a — by)j + (a3 — ba)k

Equality: a1=b1,a2=bz&a3=b3 = ?i=3

Multiplication with scalars p and q:

pd = (pay)i+ (pay)j + (paz)k |

qd = (qa,)i+ (qay)j + (qaz)k
pd + qd = (pa;s + qa,)i + (paz + qaz)j + (paz + qaz)k

pd+qd={P+q@ai+P+qay+(p+qask

Distributive Property

pd+qa=(p+qd p(qa) = (pq)d

p(?i+3) =p7i+p3




Ex. Find the values of x and y so that the vectors 4i + 5k and xi + zk are
equal.
Sol.




Q. Find the sum and difference of the vectors 3i — 2j + 7k and
—4i + 8j + 3k.

Sol. d=31—2j+7k  b=-4i+8}+3k

Q
_|_

b = (31 — 2] + 7k) + (—4i + 8] + 3k)

b=0B-4)i+(=2+8)j+(7+23)k

Q
_|_

d+b=—i+6f+10k

d—b=(31—2j+7k) — (—41 + 8] + 3k)

—b=0B+4)i+(-2-8)j+(7-3)k




?i= ali+azj+a3k

b= Ad

A — Scalar

Collinear Vectors

B= b1’l\+sz+b3/k

4 Same Direction

= Opposite Direction

(Sl

Ql



Collinear Vectors

d=aii+ayj+azk  b=byi+byj+ b3k V4

b= 21d £ Same Direction

A — Scalar = Opposite Direction
=  bql+ byj+ b3 A(all + a,j + a3k)

= byl + byj + b3k = (Aay)i + (Aay)j + (Aaz)k

= b1 = /1a1 bz = /1a2 b3 = Aa3

Condition for Collinearity

by b, bj "
a; a; Aas




Q. Show that the vectors 2i — 3j + 4k and —4i + 6j — 8k are collinear.

Sol. d=2i—3+4k b =—4i + 6] — 8k
b= Ad b = —2(21 — 3] + 4k)
b=—2d

a and b are collinear




Direction Angles

3
l =cosa

m =cospf}

n = cosy,
[ =cosa =
m=cosf =
n=-cosy =

Direction Cosines

X
— x = lr
T
y
= y =mr
r
VA
— Z =nr
r

(lr, mr,nr)
P(xy,2)



RIS

I N

[l =cosa =-—
m=cosf =
n=-cosy =

Relation between [, m and n

12+ m? + n? =(f) +(X) +(

12 + m? + n?

T
12 +m?+4+n? =—
T'Z

?+m?+n=1

cos?a + cos? B + cos?y =1

0P| =

\/x2+y +z%2=r

x2+y2+2z%=







Ex. Find the direction cosines of the vector i + 2j + 3k .

Sol. x =1 y:2 z=13

S I
Al
S

ﬁl‘w
N




Q. Find the direction cosines of x - axis, y — axis and z - axis.

Sol.

920°

Z

a

920°

90°

~ ¥

l=cosa

m =cosf

n=cosy



Q. Find the direction cosines of x - axis, y — axis and z - axis.

Sol.

920°

Z

a

90°

90°

v

l=cosa m=cosf n = cosy
Direction Angles Direction
Axes Cosines
a B 14 (I, m,n)
X — Axis 0° 90° 90° (1,0,0)
Y — Axis | 90° 0° 90° (0,1,0)
Z — Axis 90° 90° 0° (0,0,1)




l=2a m = Ab = Ac
a
l=+
Jaz + b? + ¢2
b
m=+
Ja? + b2 + ¢2

n-=

C
+
\/a2+b2+c2







Ex. Find the direction cosines of the vector whose direction ratios are
2,—1,-2.
Sol. a=?2 b=-1 c¢c=-2

1 1 1 1
A=+ =T =* =T —
va? + b? + ¢? V22 + (—1)%+(-2)? V4d+1+4 V9
/1—+1
73
[ = Aa m = Ab n = Ac l m n
| = ig X2 | m= ig X(-D| n= i§ x (=2) 3 3 3

[l
[+
Wl N
3
[l
-+
W=
S
Il
-+l
wilnN
w




Vector joining two points

. a A B — . . ~ 47
OPy =xql+yq4] +z1k OP, = x3i+ y,j + 2,k

OP, + PP, = 0P, —| Triangle Law

P1P2 = OPZ —0P1

P1P2 = (XZi + ij + ZZ/IE) — (xli + y]j + Z1/’E)

P1P, = (x3 — x)i+ (¥, —y)j + (22 — 21k

Distance Formula

(x2,¥2,22) Py

|P1P;| = V(xz —x1)2 + (y3 — y1)% + (2 — 24)2




Internal Division
mRQ = nPR

RQ=0Q-0OR =b-7

PR=OR—-0OP =7—a

m(b —7) = n(# - )

mb + na
m+n

r =

Section Formula

m
n




PR_m __

RQ n
RQ = PR
RQ=0Q-OR =bh
PR=OR-0OP =7
b-F=F—
b+d

Section Formula

Mid - Point Formula




— PR
External Division —
OR

mQR = nPR
QR=0R-0Q =7-h

—

Q

PR=0OR—-O0OP =7 —

m(7 - b) = n(# - @)

mb — na
m-—n

r =

Section Formula

m
n




Q. Find the position vector of a point R which divides the line joining
two points P and Q whose position vectors are i + 2j — k and
—i + j + k respectively, in the ratio 2: 1
(i) internally (ii) externally.

Sol.

(i) (ii)




Q. Find the position vector of a point R which divides the line joining
two points P and Q whose position vectors are i + 2j — k and
—i + j + k respectively, in the ratio 2:1
(i) internally (ii) externally.

Sol. G=t+2j-k B=-i+j+k L
n 1
_ 9_m1_9)+n€1 y e_mB—nﬁ
) P (ii) r= —
o 2(-t+j+R)+ i+ 27— k) L 2(-t+j+k)-(+27-k)
r = r =
2+1 2—-1




Summary

Direction Cosines —*| l =cosa || m=cosf || n =cosy
I+m?+n?=1 cosa’ + cosf% + cosy? =1
Commutative Property :d+b=b +d
Associative Property: (d+b)+é=d+ (b +¢
Q (x2,¥2,22) A B
PQ = 0Q — OP :
¢ ¢ Distance Formula

Triangle Rule

AB+BC+CA=0

|P_Q>| — \/(xz —x1)% + (y2 —y1)? + (2 — 21)?

P (xq,v1,21)




=

Summary

Qu

= ali + azj + Clgié B = bli + sz + bgl’{\

d+b=(ayb)i+(ay+b)j+(astbyk

&=B=>ali+a2f+a3i€=bli+b2]“+b312

a; = b, a, = b, az = bs

A — Scalar

\ 4

Ad = daqi + da,f + dask

Collinear Vectors

Section Formula

b = Aa

b+ nd
b]_ b2 b3 _>=m—_
= = = A 4 m+n




Scalar / Dot Product of Two Vectors

a
= Non Zero Vectors
b
d@ob = |d||b|cos@ |- Scalar 0<6<m 0
— = — B >
cos 0 = if 0=cos‘1[i._, a
d||b| |dl|b|
T
0=0
—> > < m
b a b a
a-b =lal|b|cos0 = |al|b] a-b =dl|b|cosm = —[dl|B|
d-bisMaximum d-bisMinimum



Ql

> lil=ljl=|k =1 r

a i-i=1x1cos0 =1
a = |a|lalcos0 = |al|a] jrj=1x1cos0 =1
a,a=|a>|2 k-k=1x1cos0 =
i-i=j-j=k-k=1
A
b
l-j=1X1c0os90°=0
90° _ =
5 J-k=1x1cos90°=0 [i-j=j-k=k-i=0
a k-i=1x1c0s90°= 0

a-b = |?i||3| c0s90° =0



Ex. Find the angle between two vectors @ and b with magnitudes /3

and 2, respectively having @ - b = /6 .

(o)
[l
NE




Properties of Scalar Products

\ 4

Scalars

~ 0}
Ql
Il
=l
=
(or]
(=)
7]
(e

(Sl

Sl
Ql
|
Ql
Sl

Ql






Ex. Find the scalar product of the vectors d = 2i + 3j — k and

—

b=—-i+5f+3k.

Sol.

—~

+3j—k b=—i+5j+3k

-~>

=2

Ql

Ql

.b=(2i+3j—k)-(~i+5j+3k)
a-b=(2i) (=) + @3)) - (5j) + (-k) - (3k)

.b=-2+15-3

Q|

—

a-b=10




Q. Find the value of y if the vectors d = 2i —3j+ kand b = i + yj + 4k
are perpendicular to each other.

Sol. N . B
a=2i—-3j+k b=1+yj+4k

Ql

d-b= |?i||z| c0s90° =0

[2i-3j+ k| -|[i+yj+4k]=0

Sl

2[i-i] —3ylj-jl1+4|k-k]=0

2-3y+4=0

y=2




Vector / Cross Product of Two Vectors

Ql
—> )

Non Zero Vectors

S

axb = |?i||B| sin 0 1

bxd= |B| |a| sin 0 (—1)

dxb=—[bxd]

7l =|-nl =1

|d x b| = |dl|b| sin @
[d x b| = |b x|




Observations

> 0=m
; 6=0 - A .
= > b a
a
ﬁ’xzzlﬁ’lmsinm’i ﬁ’xzzlﬁ’lfﬂsinnﬁ
dxb= [dxb|=0 axb=0|||dxb|=0
n
A
— — T
X b = |dl||b|sin (= 7
|dl| |sm( )n b 4
~
S = 07 1
x b = |d||b|fi || [d x b| = [dl|b| S




Ex. Letthe vectors dand b be such that |d| = 3 and |b| = \/—f ,thend x b
is a unit vector, if the angle between a and bis
(A = B) - © = D) -
6 4 3 2

Sol.



Ex. Letthe vectors dand b be such that |d| = 3 and |b| = \/—f ,thend x b
is a unit vector, if the angle between a and bis
(A = B) - © = D) -
6 4 3 2
Sol. dx b = [d||b| sin0 7 la xb| =1

= |?i><B| = |?i||3| sin 0




il = 1jl = |k| =1 s

= >
a A L] AN
=1Xx1(sin0°)n; =0
axa=|allal(sin0°)n=0 jxj=1x1(sin0f, =0 /n\k
axa=0|]|laxal=0
A
b
90°
> A A 3 = _ A A _ T
. ixj=1x1sin90{n;|= k IXj=k
n jxk=1x1sin90{7,= i jxk=1
dx b = [dl|b|(sin90°)7 = [dl[b|i kxi=1x1sin90qfAs|=] |[kxi=j




&)

jxi=-k
kxj=-1i
ixk=—j

Distributive Property

dx(b+¢)=dxb+dx¢

o~

A — Scalar

>

~>
X
S~

&)

~
X

&)

o~

A[d x b| = [Ad] x b = d x [AD]

o~

—>







Q. Find 2 and u if{[2i + 6j + 27k| x [i + 4] + uk| = 0|.

Sol. Pk
|20+ 6j +27k| x [i+ 4j + uk] =||2 6 27
1 A u
. o6 27|, (27 2|. |2 6|~
0i+0j+0k =3 “li+|0 i+ /1|k
0i|+|0j|+-|0k| = |[6p —27A)i|H[27 — 2uljH|[24, — 6]k
0= 61— 274 0=27—2p 0 =24, — 6
27
RHS=[6><7]—[27><3] 2p =27 21, =6
RHS = 0 = LHS M=22_7 1, =3




Q. Find a unit vector perpendicular to each of the vector @ + b and
d—b,whered=3i+2j+2kand b =i+2j-2k.
Sol.




Q. Find a unit vector perpendicular to each of the vector @ + b and
d—b,whered=3i+2j+2kand b =i+2j-2k.

Sol- G =3i+2j+2k b=i+2j—2k

d+b =[3i+2j+2k|+[i+2j-2k] =4i+4j , _

d—b =[3i+2j+2k|-[i+2j—2k] =2i+4k

I, i j k
(@+b)x(@-b)=14 4 o
2 0 4 1
14 0|, [0 4. . |4 4]~
_|O 4l+|4 2]+|2 0|k

(d+b) x (d—b) = 16i — 16] — 8k



Q. Find a unit vector perpendicular to each of the vector @ + b and
d—b,whered=3i+2j+2kand b =i+2j-2k.
Sol.

(@+b)x(d—b) =16i—16j — 8k =7

7l = V162 + (—16)2 + (—8)2
7| = 24
n _ 16i—16j — 8k

n=—

|n| 24

=)
|
WIN
~>
|
winN
S~
|
W =
&)
|

=)
Il

|
WIinN
~>
+
winN
S~
+
W | =
)




Scalar Product

d-b = |d||b|cos8

o~
L]

‘Summary‘

Vector Product

b
/{ axb= |Zi||3| sin 0 n
> . R
a b X d = |b||d| sin 6 (—7)
g axb=-[bxd
. |d x b| = |b x|
b
0 sm0=|cix_l>7|
& |a||b|
ixi=jxj=kxk=0
V_a ixj=k||jxk=i||kxi=j




Two Dimensional Space

>X



Three Dimensional Space




Three Dimensional Space

- = |x3 —x1| AB=|y, — y4|
PB% = PA?% + AB?

[4PBO] 0 =1z -2

PQ* = PB* + BQ?

= PQ* = PA* + AB* + BQ? 0

=>PQ2 |xz X1|2+|)’2_}’1|2 /
+ |ZZ _lez X

= PQ? = (x3 — x1)% + (y, — y1)? + (25 — 21)?

Q(x2,y2,

wz, Zl)
Y



Three Dimensional Space

PA =

|
<
N
q
N
\O

PB = +/x?% + z2

PC =+/x% + y?

PD =+/z2 = |Z|
PE = /x2 = ||
PF =\ y? = |y|




Q. Find the distance between the following pairs of points:

(i) (2,3,5) and (4,3,1) (ii) (-1,3,—4) and (1,-3,4)
(i) P(2,3,5 and Q(4,3,1) (i) P(-1,3,-4) and Q(1,-3,4)

X1=2,9,=3,2,=5 x1=-1L,y,=3,2, =4

X, =4,y,=3,2, =1 X, =1y, =-3,2, =4

PQ=+/(4-2)2+(3-3)2+(1-5)2 e
= @2+ (0% + (—9)? - (1= )+ 3= 32+ (4= o)’
—V2+0+16 = (2)2 + (—6)2 + (8)2
=20 =vV4 + 36 + 64

— 24/5 — /104 = 2V26




Q. Show that the points (-2,3,5),(1,2,3) and (7,0,—1) are collinear.



Q Show that the points (-2,3,5),(1,2,3) and (7,0,—1) are collinear.

PQ = J(1 —(-2)) +(2-3)2+(3-5)2
=J(3)% + (-1)2 + (-2)2 = \/(7 — (—2))2 +(0—-3)2+(—1-5)2
- ://‘i_: 144 = J(92 + (-3)% + (—6)2
=v81+9+36
QR=+/(7-1)2+(0—2)% + (-1 — 3)2 — ViZe
=/ (6)% + (=2)% + (—4)2 _ 3J/12
=v36+4+16
_Jee PQ + QR =V14 + 2V14 = 3V14
e [Po+or=rR]




Q. Verify that points (—-1,2,1),(1,-2,5),(4,—7,8) and (2,—-3,4) are the
vertices of a parallelogram.

\)
PQ=J(1—(—1))2+(—2—2)2+(5—1)2 =6 SP = QR
= V(@)% + (9?2 + (49)? p 0

=4+ 16 + 16
= /36



Q. Verify that points (—-1,2,1),(1,-2,5),(4,—7,8) and (2,—-3,4) are the
vertices of a parallelogram.

S
PQ=J(1—(—1))2+(—2—2)2+(5—1)2 =6 SP = QR
QR=J(4—1)2+(—7—(—2))2+(8—5)2 =v43 P Q
=V (3)2 + (-5)2 + (3)2
=vV9+25+9

=43



Q. Verify that points (—-1,2,1),(1,-2,5),(4,—7,8) and (2,—-3,4) are the
vertices of a parallelogram.

S
PQ=\/(1—(—1))2+(—2—2)2+(5—1)2 =6 SP = QR
QR=J(4—1)2+(—7—(—2))2+(8—5)2 =43 P Q

RS =J(2 )24 (-3-(-71)*+4-8)2 =6

=V (-2)2 + (9)? + (-4)?
=v4+ 16 + 16
=36




Q. Verify that points (—-1,2,1),(1,-2,5),(4,—7,8) and (2,—-3,4) are the

vertices of a parallelogram. S
PQ=J(1—(—1))2+(—2—2)2+(5—1)2 —6 sg;QR
QR=J(4—1)2+(—7—(—2))2+(8—5)2 =V43 P Q

RS :J(z )24 (-3-(-71)*+4-8)2 =6

SP = J(—1 —2)24+(2-(-3))*+1-42 =Va3

=/(=3)% 4+ (5)2 + (—3)2
=vV9+25+9 -




Q. Find the equation of the set of points which are equidistant from the
points (1,2,3) and (3,2, -1).



Q. Find the equation of the set of points which are equidistant from the
points (1,2,3) and (3,2, -1).

PR = QR
Vix =12+ (y—2)2+ (z - 3)2

=\/(x—3)2+(y—2)2+(z—(—1))2 P(1,2,3) 0(3,2,—1)

(x— 1) +22 + (z - 3)% = (x— 3)% + T + (z - (-1)°

>k -1%4+Z-3)2%2=x-3)%2+(z+1)2
:.—2x+.+.—6z+.=.—6x+.+.+ Zz+.

> -2x+6x—6z—2z=0

=>4x -8z =0 :-



Two Dimensional Space

P(xll yl)

V <




Three Dimensional Space
P Z Q(x2,¥2,27)

P(x41,¥1,21)

T




Three Dimensional Space ZA

Q(x2,y2,23)

P(x41,¥1,21)

T




Three Dimensional Space ZA
Q(x2,y2,72)

R(x3; }’3; Z3)

P(x41,¥1,21)

T




Q. Find the coordinates of the point which divides the line segment
joining the points (-2,3,5) and (1, —4, 6) in the ratio
(i) 2:3internally (ii) 2 : 3 externally. Q(1,—-4,6)

Sol.




Q. Find the coordinates of the point which divides the line segment
joining the points (-2,3,5) and (1, —4, 6) in the ratio
(i) 2:3internally (ii) 2 : 3 externally. Q(1,—4,6)

(i) 2 : 3 internally
X1 = —2,y1 = 3,Z1 =5

X2 = l,yz = —4-,Z2 =6

2 +3(-2) 2-6 4
-~ 243 5 %

2(-4)+3(3) -8+9 1
- 243 5 5

_2(6)+3(5) 12+15 27
243 5 5




Q. Find the coordinates of the point which divides the line segment
joining the points (-2,3,5) and (1, —4, 6) in the ratio
(i) 2:3internally (ii) 2 : 3 externally.

(ii) 2 : 3 externally
X1 = —2;3’1 = 3,Z1 =5

X2 = l,yz = —4-,Z2 =6

2(1)—-3(-2) 2+6
X = = =

2—-3 -1
2(—4) - 3(3 —-8-9
_2(-9)-303) _ 1
2—-3 -1

_20)-3(5) _12-15_
=79 3 T 1 T



Summary

For points P(x4,y1,2z1) and Q(x3,y3,z)

Distance PQ=+(x3 —x)2+ (y3 — ¥1)% + (25 — 21)2

Divides internally
in theratiom : n

(mx2+nx1 my, + ny; mz, +nzl)
m+n ' m+n ' m+n

Coordinates Divides externally
of the point R |in the ratiom : n

(mxz—nxl myz—nyl mzz—nzl)
m—-n ' m-n ' m-n

Mid-point

(xz +X1 Y21tY1 23 +Z1)
2 ’ 2 ’ 2

The coordinates of the centroid of the triangle, whose vertices are

(x1,¥1,21), (x2,¥2,22) and (x3,y3, z3), are

(x1+x2+x3 Y1 +Yy2+Y3 Z1+Z2+Z3)
3 ’ 3 ’ 3




Equation of a 3D line
«7=(—1+2j+5k) +A(—3i+j+5k)
'F%sﬂngﬂﬂoughpowﬂ(—i—k2j+—SE)

* And
» Parallel to the line (—3i + j + 5k)



Sol.

Show that the lines ¥ = (—i + 2j + 5k) + A(—3i + j + 5k)
and 7 = (-3 +j + 5k) + A(—i + 2j + 5k) are coplanar.

= G e s R ]

A(—1,2,5) DR's - —-3,1,5

x1=—1Ly1=2,21=5 : »

a = —3,b1 = 1,C1 =5

L, :7=(-3i+j+5k)+ A(—i+ 2j + 5k)
B(-3,1,5) DR's » —1,2,5

—3-(-1) 1-2 5-5 -2 -1 0
x2=-3,y,=12,=5 4@ _3 1 5 | =|-3 1 s
a2=_1,b2:2,C2:5 « _1 2 5 _1 2 5

=-2(5-10) - (-1)(-15-(-5)) + 0
=10—-10+0

=0



Q. Find the distance of a point (3,—2,1) from the plane
r-(-2i+j—2k)=3
Sol.



Q. Find the distance of a point (3,—2,1) from the plane
7-(—2i+j—2k)=3

sol. 43,2, —

a=31-2j+k
n°?-022+j—2ﬁ)=3
Ao ..-
a-n=(3i-2j+k) (-2i+j—2k) Dlstance— |—10 — 3|
=—6-2—2 3

=—-10 «




Q. Find the distance of the point (2,3, —5) from the plane x + 2y — 2z = 9.
Sol.



Q. Find the distance of the point (2,3,—-5) from the plane x + 2y — 2z = 9.
Sol. P(2,3,-5)

n=2y=3zn--5 4@ [miax+Byrca-p]
m:x+2y—2z=9 _

A=1B=2C=-20=-9 4@

=

1(2) +2(33) + (-2)(-5) -9
V12422 +(-2)2

2+6+10—1
=>d=
vi+4+4
=>d= 9‘

NE)




7i; - Normal Vector of r; Plane  Angle between the Planes

. = Angle between the Normals
n, - Normal Vector of r, Plane A

Ty A1x + B1J’ + C1Z + D1 =0 DR's- Al,Bl, Cl
Ty - Azx + Bzy + CzZ + Dz =0 DR's- Az,Bz, Cz



Q. Find the angle between the planes whose vector equations are
7-(2i+2j—3k)=5and7-(3i—3j + 5k) = 3.

Sol.n'l:?-(22+2f—3k)=5 1t2=7-(3i—3]'\+5ﬁ)=3 _
ny -n, = (28+2j —3k) - (3t — 3j + 5k)

=6—-—6—15
= o coo= o]

il =22+ 22+ (-3)2 =V17 4@ _‘ ~15 ‘

cos0 = \/_—

7i,l =32+ (-3)2 + 52 = V43 4@ 17 V43
> cocp 15

COSU = ——

V731




Q. Find the angle between the two planes
4x+8y+z—-—8=0andy+z—-4=0.

sol mrdxn By e =E=0 [m1:Ax+Biy+ G2 4D, =0 |
A, =4,B,=8C =1 4=

my:y+z—4=0

my:0x+y+z—-4=0

4,=0B,=1C,=1 4@ =

4(0) + 8(1) + 1(1)
cos 0 =
V42 + 82 + 12y 02 + 12 + 12
6= |— 1
R N = 0 = cos™! (—)
1 V2

V2



The angle between a line and a plane is the complement
of the angle between the line and normal to the plane.

¢ =90°—-6 A
= sin ¢p = sin(90° — 9)

= sin¢ = cos 0

g 7

|4l[7]

= sin ¢ =




Q. Find the angle between the line
x—1 y+2 z-4
10 2 -11

and the plane 2x + 3y + 6z — 12 = 0.
x—1 _y+2 z—4

Sol. L:— 5 11 q-n=(10i +2j — 11k) - (2i + 3j + 6k)

L x-1_y-(-2)_z-4 =20+ 6 — 66

10 2 -11 =—40«

DR's > 10,2, —11 Gl =J102 122+ (C1D% =15 4@
q=10i+2j—11k il =J22+32+62=7 «
m:2x+3y+6z—12=0 . _.(] —40

¢ = sin~
DR's - 2,3,6 15 X 7




Summary
> Two lines ¥ = d; + 4q; and 7 = a, + Aq, are coplanar if
(d; —dy) - (g1 Xq2) =0
> Two lines
X~ _ YN _277%

X—X2 Y—Y2 Z—17Z3

and are coplaner if
(11 b1 C1 az bz C2
X2—=X1 Y2—V1 23 — 74
ay b4 c1 |=0
a, b, C

> If 0 is the angle between the two planesr-n; =d; and 7 - n, = d,, then

| M my
0 = cos 1| ——=

1473




Summary

> The angle ¢ between the liner =d + 1g and the planer-n=d is

g-n

q|7|

> The angle 0 between the planes A;x + B;y+ C1z+ D; = 0 and
A,x + B,y + C2z + D, = 0 is given by

A{4, + B1B, + C1C,

1

¢ = sin~

cos 0O =

(A +BL G A3+ B+ S
> The distance of a point whose position vector is a from the plane
r-n=dis|d—-a-n|.
> The distance from a point (x4,y4,2z1) tothe plane Ax+ By+Cz+ D =0s
Ax1 + BJ’1 + CZI
VA? + B2 + 2
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