Ex 27.1

Direction Cosines and Direction Ratios Ex 27.1 Q1

Let [, m and n be the direction cosines of a line.

l=cos?0°=0

1
m=cos 60° ==

2

3
n=cos30°=2X—

2
. _— . : 143
.~ The direction cosines of the line are 0,?,7.
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Letthe direction cosines oftheline bel,m,n.

Here,

a=2,b=-1,c=—-2arethedirection ratios of the line.

I=+ a___ m=+ b n=t c
~‘|!'a2+t:|2+c:2 1|fa2+t:|2+c:2 v'a2+b2+c2

I= 2 ,m= —L n= 2
Y2+ - 02H-22 0 V2R nPe-n? T 2R P2
2 -1 -2

|:_Jm:_Jn:_
NE) e e

I S R 3

I—3,m 3,n 3

.. Thedirection ratios ofthe line are % - BL - %
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The directionratios oftheline joining (- 2,4, -5y and (1, 2, 3) are,
(1+2,2-43+5)=(3,-2,8
Here,a=3,b=-2,c=8
Direction cosines are

3 -2 B
V3i+—2%+82 324 (—22+8? 3T (—2)7+ 80
__ 3 -2 2]

V77 NTT T
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Here A(2,3,—4),B(l,-2,3)and C (3,8, - 11).
Directionratiosof AB=(1-2,-2-3,3+4=(-1,-57)
Directionratiosof BC=(3—-1,8+2,-11-3)=(2,10, - 14

Here, the respective direction cosines of AB and AC,

2 10 -14

are proportional.

Also, Bisthe common point betweenthe two lines,
S Thepoints A(2,3, —4), B(l, —2,3)and C (3,8, — 11)are collinear.
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A3,5, -4),B(—1,1,2)and C(-5,-5,—-2)
The directionratios ofthe side AE=(-1-3,1-5,2+4)
=(-4,-4,8)
Direction cosines of AB will be
-4 -4 5
Vi=atr(-a2+6? =92+ (-a2+62 V-2 +(-97+6?
-4 -4

]

s

L3
S0

) s

E
3-8

The direction ratios o
=(-4,-6-4)
Direction cosines of BCwill be
-4 -6 -4
V=92 + =87 +(-97 a2+ =82+ (=92 -9+ (-7 +(- 47
=_—4 -6 -4
VBB BB BB
=_—-2 -3 -2
V17717 17
The directionratios ofthe side AC =(-5-3,-5-5,-2+4)
=(—8,-10,2)
Direction cosines of AC will be
-8 =10 2
Vil +(-107+22 -8+ (- 107 +27 Y(-8)7+ (- 107+ 22
_ -8 -10 2
J1ge ' J168 ' J168
_ -4 -5 1

vaz'yaz ez
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Let, & be the angle between the vectors with direction ratios a, b, ¢ and a5, b,, & then.

=

thesideBC=(—-5+1,-5-1,-2-2)

&3, + b +oyc,

mese - 27+ b7 +cha§+b§+c§
. {1 (4) +{-2) (3) + {1}{2)
WU+ (27 ()7 )+ ()7 + (2
) 4-6+2
T frarioro+ 4
_ 6-6
- JBAET
o
Ny
cosgd =0
&= 035'1{0)
9=

| =
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Here, given that the direction cosines of the vectors are proportional to 2, 3, -6

and 3, -4, &,

Therefore, 2, 3, -6 and 3, - 4, 5 are the direction ratios of two vectors,

Let, & be the angle between two vectors having direction ratios 2, 5, ¢y and
&z, by, Cy is given by

8, + b, + oy
cosg = 192 + 0485 + GGy

7, .2, 2.2 17 %
a; + b+ ,faz+b2 +C5

] (2)(3) + (3) {-4) + (-8} {5)
JoF +(3)7 + (-6 30 + (-4 + (o)

6-12-30
N4+9+ 360416 +25
G- 42
NEENGH
= % {rationalizing the denominatar)
) _3642

70

—1842
35

cosg =

cosg =

&=cos7| 2 842
a5
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The vectars, represented by these are

3=2/+3]+6k
and5=f+2j+2ﬁ2

Let, & be the angle between the lines,

then,
axb
Cos8 = o=
(2]
{2?+3j+5ﬁ2}{?+2j+2£)
P+ (3 (0 JF + F + )
_ R+ (3)(2) + (6) (2)
A+ 04301+ 4+ 4
_2+6+12
T E
20
)
coss = E
)

20
g =rcost| =
21

angle between the lines = cos™! [g}
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we have, (2, 3, 4],{-1,-2,1} and (5,8, 7]

Let the points are 4, 8, < respectively.

Position vector of 4 = 27 + 3] + 4£
Position vector of 8 = - 27 + &

Fosition vectar of © = & + Elj +7E

J—

AE = Position vector of 8 - Position wector of A

= {—f—25+kﬂ)—(2f+3}+44<ﬂ

=l -2iek-2l-3]- 4k

A8 = -3 -5j -3k

BC = Position vector of ¢ - Position vector of &

- 5?+8}+?ﬁ2)-{-f-2}+£)
=5;+8}+?£+;+2}—+’2

BC =6i +10] + 8t

Using A8 and ﬁ, we get

BC =-2 A8

So, B_C. is parallel ta ﬁ but § is the common vectar,

Hence, 4, &, C are collinear
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line throught podnts (4, 7, Bi and (2, 3, 4)

L O ot _}x—4 _y-7_z-¢%
2 4 4 1 2 2
line through the points (-1, -2, 1) and {1, 2, 5)

x+1=y+2=2—1_>x+1=y+2=27—1

-2 -4 -4 i} 2
the direction ratios are same for both the lines

.. they are parallel to each other
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Given,

AL, -1 2) and & (3, 4, -2)
cfo, 3,2) and 23, &, &)

Direction ratios of line A8
ay =2, by =5, cy =—4

Direction ratios of line CD
o =3, by =2, cp =4

We know that, lines are perpendicular if

ay8s + ‘bl‘bE + o0 = ]

Les=(2)(3) + (5) (2) + {-4)(4)
6+10-16
16- 16
]

 LHS = RHS
Lines are perpendicular
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Hereg,

A [:IZIJ a, D} and 8 (2, 1, 1)
C[:S, 5, - 1} and D(4, 3,- 1)

Direction ratios of ling A8
a, =2, by =1, c, =1

Direction ratios of line CO
2 =1 by =-2, o, =0

o,
a3, + bbs + oy

=@M+ 0

=2-2+0

Since, a3, + byb, + o0, = 0, lines are perpendicular
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Given, that the direction ratios of lines are proportional to 3, b, ¢
and bh-c,c-a a-h.

Let, ¥ and; be the vector parallel to these lines respectively, so

= a."n+bj+c.f2
And, ;=(b—c)f+[c—a]j+[a—b}£

Let, & be the angle between * and },_f., a0,

1

L

cosg = _x_
¥l
(af+b}+c§}[(b—c)f+{c_&]j’-‘+(&_b}£}
\mJ{b—c]2+(c_a)2 +(a—b}2
(a)(b-c)+blc-a)+cfa-b)
Na? b 4o fb? wc? o 2bo+c? 4 3% - 203 + 3% + b7 - 23b
Cos89= ab-ac+bc-ba+ca-bo

«,{‘e.'2 +6° +02«,{232 +2b% +2c? - 2ab - 2be- 2ca

cos& =0
9=CDS_1{D}
o X

2

Angle between the lines = %
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Here we have,
Af1, 2, 3), 8(457), C[-43 -86) 02,9, 2)

Direction ratios of 48
3, =73 by =3 =4

Direction ratios of CO
a5 = 6, b2=6, c,=8

Let, & be the angle between A& and D, so,

392 + bibs + 0o

cosg =
\1(5"12 +bf‘ +c12.'(a§ + b22 +c§
o BB (YE+((E)
S + 0 + (4 JleF + (6 + (6)?
) 183 +18+32
WO+ 9+ 1636 +36 + 64
i 68
JBa136
NN - S
B4 25
_ 68
34 %2
cos&d =1
g = 005'1(1]
g=0"
Therefore,

Angle between A8 and CO = 0O°
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The given equations are

2m+2ln—mn=10

I+mt+u=0
—=l=—im+tn). ... i1
2imtnl=mun—i= B sl 121
2im+ni
puti=—(m+ain (2
mn 2

——imtul=————>-2im+nl =mn

2im+n)
—>—2Im2+n2+2mnI=mn%|m2+n2+2m|=—

i
2
—)[m2+n2+2mn+%]=0 —)[mz +?22+SMTH]=O

—>|2m2+2n2+5mn|=0%| Zmtunlmtzn)=0

#
2
—m=—2n—l=—(-Zu+tni=n

b b
—m=——=—3l=—|n-—=|=-
=4

Thus the direction ratios of two lines are proportional to —?, —;,n

and m,—2m
1
je——,——,landl,-2,1
Hence the direction cosines are
1 1 2

FEEE

and 1,-2,1
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Given that, f +m+n =10 ---{

2emi-n®-0 ---ii)
From equation (i),
f=-[m+n)

Put the value of / in equation {i},

[—{m+n)]2+m2—n2 =0

2 2

(m+n}2+m -nf=0

et zmn+mt-nt =0
2md +2mn =0

2mfm+n)=0

m=0, m+n=10
m=-nandm=0

Put the value of m = -n in equation (i)

f=-[-rn+n)
I=0

&gain put the value of m =0 in equation (i}

f=-[m+n)
=-[0+n)

I =-n

Thus the direction ratios are proportional o
0,-n,nand-n 0,8

= 0,-1,1land-1,0,1

Sao, vectars parallel to these lines are

3= Dxf—f+ﬁ<ﬁ and b = —f+Dx}+.fz respectively.



Let, & be the angle between the 3 and b

So, cosé = %L?
SIE

|
5=Dxf—j+£ and 5=—f+ij+§ respectively.
{Dxf—j+£}x{—f+0x}+kﬂ}

cosg =
07+ (1) (1) 2+ O + o)
_ O+ () + ()
Jir1fie 1
_0+0+1
"Bk
1
Tz
8= ms‘l(%J
=

So, angle between the lines = %



Direction Cosines and Direction Ratios Ex 27.1 Q16(ii)

Given that,
2 -m+2n=10 ---{

i+ +lm= 0 - -~ i)
From equation {i],

2 -m+2n=10
=21 +2n

Put the value of rm in eguation {i),
mr+nt +im=10

[2f +2n)r+ni +if2l +2n) =D
ZIn+2n+ni+21242In=0

21 +5ln+2n? =0

22 4 4lntIne 2% = 0

2iff +2m)+nff+2n)=0

{i +2n)f2r+n) =0

f+2n=0 or 2l+n=10

I =-2n or r=-0
2

Put the value of / = -2n in equation (i)

2-m+2n=10
2{-2rn)-m+2n=10
-dn-m+2n=10
-2n-m=10
-2n=m

mo=-2n

Again, put the value of / = —%n in equation (i}
2l-m+2n=10
2(—ln}—m+2n=u
2
-n-m+2n=10

-m+n=0
- =-n



So, direction cosines of the lines are given by,

-2n, - 2n, h or -

—2,-2,1 or -
So, vectors parallel to these lines

3=-2/ -2]+k and5=—%f+5+ﬁ2 respectively.

Let, & be the angle between Z and B,

axh
HE
{-2?-2}+£)><[-%f+}+§}
\[(—2:%{—2124112 5] 2
a3 am o0
m‘ﬁnu
_ 1-2+1
Bz
cosgd = —
=
cos& =0
9=CDS_1(D}
Bies

4ngle between the lines = %
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Here,
[+2m+3n=0 ---{1)
- 4n+mr=10 - - - i)

From equation (i},

f+2m+3n=0
f=-2m-3n

Put the value of { in equation (ii},
I¥m-4ln+mn=0
3f-2m-3n)m-4(-2m-3n)n+mn =10
—em? —9am +8mn+12nf +mn =0
-6m?+12n% =0
—6m? = -12n°
m? = 2n®

= onE

m =2 ar m=-ny2

Put m = n+2 in equation i}
l+2m+3n=0
a'+2(n«f§)+3n=l3

a'+n(2-\¢'§+3:]=tl

I=—{2\E+3)n

Again, m = -42r in equation (i)

l+2m+3n=0
J'+2(—~,|"§n:]+3n= ]
f-2fen+an=0
f+n[-242+3)-0

."=[2«,E—3}n



Thus, direction cosines of the lines are given by,

—{2ﬁ+3)n, ﬁn, n or [Qﬁ—S}m —ﬁn, n
—{21,1‘§+3],J2_,1 or [2@—3},—@,1

So, vectars parallel to these lines are
T —‘2\5+3)f+\.§j+£ and b = {E\E—B)f— u‘E}+£

Let, & be the angle between the lines,
then,

cosg = i
[o1 <[ 2]

- (22 +3) x (242 - 3) + (V2) x [-+R) + (1) (1)

= \/[gﬁ+ 3}2+(”‘E)2+(1}2\“2"E‘3)2+{‘\E]2+(1)2

_ -{-9)-2+1
JB+0+1ay2 e+ 1B 401292 4241

-[-1)-2+1
V20 + 124220 - 1242
i

" JeD+izdae0- 124

cosd =0
8 = cos™? (D}

g =

nal =

Angle between the lines = %
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The given equations are,

d+2m-n=0.... 0]

mn+In+Im=0..... (ii)

From(i), we getn =2l + 2Zm.
Puttingn = 21 + 2m in [ii], we gat
m(2l +2m) +1[2l + 2m) +lm =0
=2m + 2m2+ A2+ 2ml+Im =0
=2m? +5lm + + 2 =0

=2m° +4m + Im+ A2 =0
=[2m+[m+3d)=0

Lo

=m=-=or m=-3

By putting m=—|§ in (i) wegetn =1

By putting m=-2 in (i) we getn = -2

So direction ratios of two lines are proporticnal to

L) tandl o2, Ao 1, -1 1 and, -2, 2
5 >



S0, vectors parallel to these lines are
i

Z - —%3+f<and Foi-2j-ok

If 8 is the angle between the lines, then 8 is also the angle between 3 and b,

coe@:i'ﬁ: 1+1-2 o

“5' |b‘ \’1+%+1J1+4+9 )

= 6=cos ' [0) =

[



