Chapter : 26. FUNDAMENTAL CONCEPTS OF 3
DIMENSIONAL GEOMETRY

Exercise : 26

Question: 1
Solution:
(i) direction ratios are:- (2, -6, 3)
So, the direction cosines are- (I, m, n), where, 12 +m? +n? =1,
S0, 1, m, and n are:-

2
J22+(—6)* + 37

6
J22+ (—6)2 + 32

3

V28 +(-6)% + 32

6 3
7

m=—-
n=

(l,m,n) = (%,— 7)

The direction cosines are:- (2.— ; j )
(ii) direction ratios are:- (2, -1, -2)
So, the direction cosines are:- (1, m, n), where, I 4+m"~ +n" =1,
So, 1, m, and n are:-
1 2
VD (2
-1
JZZ + (1) + (-2)*

m =

-2
ne V22 H (12 (-2)2

2 1 -2
(Lm,n) = (5, 75,?)
The direction cosines are:- (g — % % )
(iii) direction ratios are:- (-9, 6, -2)
So, the direction cosines are- (1, m, n), where, 1> + m* + n% = 1,

So,1, m, and n are:-

9
J(=9)F+ 67+ (-2)?

6
JEOEH 6+ (-2

m =




2
Tt et (-2

a ) -9 6 -2

M) = (1)

The direction cosines are:- (;9 i lz )
1111711

Question: 2

Solution:

Given two line segments , we have the direction ratios,

Of the line joining these 2 points as,

AB =1 + ] + k, (direction ratio)

The unit vector in this direction will be the direction cosines, i.e.,
Unit vector in this direction is:- (-1 + j+ k)/ /3

. . . e —
The direction cosines are (——,—=, =)
V3 W3 43

(ii) Given two line segments , we have the direction ratios,

Of the line joining these 2 points as,

AB = -4l + (-a2)] + 6k

The direction ratio in the simplest form will be, (2, 6,-3)

The unit veetor in this direetion will be the direction cosines, i.e.,
Unit vector in this direction is:- (21 + 6f —31:)/\1-’m3_)3

. . _ 26 3
The direction cosines are (;.;. —)

(iii) Given two line segments , we have the direction ratios,

Of the line joining these 2 points as,

AB = o1 - 3] + 3k, (direction ratio)

The unit vector in this direction will be the direction cosines, i.e.,
Unit vector in this direction is:- {2 -3j + 3k)/ \/m)l—ﬂ—ﬂ

2 3 3 )
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The direction cosines are (

Question: 3

Solution:

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

The line joining these two points is given by,
AB = 2i + 5] -4k

C(0, 3, 2) and D(3, 5, 6),

The line joining these two points,

CD = 3i + 2j +4k
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To prove that the two lines are perpendicular we need to show that the angle betw CL Assz4
lines is g

So, AB.CD = o (dot product)

Thus, (21 + 5) -4k). (31 + 2] +4k) =6 + 10 - 16 = 0.
Thus, the two lines are perpendicular.

Question: 4

Solution:

Given: O{0, 0, 0) and A(2,1, 1)

The line joining these two points is given by,
OA=21+j+k

B(3, 5, -1) and D(4, 3, -1),

The line joining these two points,

BC=1i-2j +ok

To prove that the two lines are perpendicular we need to show that the angle between these two
lines is 1—;—

So, OA.BC = o (dot product)

Thus, (2i + j +k). (i-2j+0k)=2-2 + 0 = 0.

Thus, the two lines are perpendicular.

Queslion: 5

Solution:

Given: A(3, 5, -1) and B(5, p, 0)

The line joining these two points is given by,
AB=2i+ (p5)+k

C(2,1,1) and D(3, 3, -1),

The line joining these two points,

CD =i+ 2j-2k

m

As the two lines are perpendicular, we know that the angle between these two lines is

So, AB.CD = o (dot product)

Thus, (2i + (p-5)j + k) .(i + 2j - 2k) = 0.
d2+2(p-5)-2=0

dp=5

Thus, p = 5.

Question: 6

Solution:
Given O(o, 0, 0), P(2, 3, 4) So, OP = 2i + 3j + 4k

Q(1,-2,1),50,0Q =i-2j+ k



To prove that OP | OQ we have, c LAssz4

OP.0OQ = 0, i.e. the angle between the line segments is g

So, the dot product i.e. |OP||0Q|cosB = 0,c080 = 0,

OP.OQ =0

Thus, (2i + 3j+ 4Kk).(i-2j+Kk)=2-6+4=0

Hence, proved.

Question: 7

Solution:

Given A(1, 2, 3), B(4, 5, 7), theline joining these two points will be
AB = 3i + 3] + 4k

And the line segment joining, C(-4, 3,-6) and D(2, 9, 2) will be
CD = 6i+ 6j + 8k

If CD = r(AB), where r is a scalar constant then,

The two lines are parallel.

Here, CD = 2(AB),

Thus, the two lines are parallel.

Question: 8

Solution:

Given: A(7, p, 2) and B(q, -2, 5), line segment joining these two points will be, AB = (g-7)1 + (-2-p)j
+ 3k

And the line segment joining C(2, -3; 5) and D(-6, -15, 11) will be, CD = -8i — 12j + 6k

Then, the angle between these two line segments will be 0 degree: So, the cross product will be
o.

ABxCD =0
O ((g-7)i + (~2-p)j + 3k)x( -8i — 12j + 6k) =0
Thus, solving this we get,

P=4d4andg=3

Question: 9

Solution:
We have to show that the three points are colinear , i.e. they all lie on the same line,

If we define a line which is having a parallel line to AB and the points A and B lie on it, if point C
also satisfies the line then, the three points are colinear,

Given A(2, 3, 4) and B(-1, -2, 1), AB=-3i — 5j -3k

The points on the line AB with A on the line can be written as,
R = (2, 3, 4) +a(-3, -5, -3)

Let C =(2-3a, 3-5a, 4-3a)

0 (5, 8,7) = (2-3a, 3-53, 4-33)



d If a = -1, then L.H.S = R.H.S, thus CLAssz4

The point C lies on the line joining AB,
Hence, the three points are colinear.

Question: 10

Solution:
We have to show that the three points are colinear , i.e. they all lie on the same line,

If we define a line which is having a parallel line to AB and the points A and B lie on it, if point C
also satisfies the line then, the three points are colinear,

Given A(-2, 4, 7) and B(3, -6, -8), AB = 5i — 10j -15k

The points on the line AB with A on the line can be written as,
R = (-2, 4, 7) +a(5, -10, -15)

Let C = (-2+5a, 4-10a, 7-15a)

(1, -2, -2) = (-2+5a, 4-10a, 7-154a)

0 Ifa = 3/5, then L.H.5 = R.H.S, thus

The point C lies on the line joining AB,

Hence, the three points are colinear.

Question: 11

Solution:
We have to show that the three points are colinear , i.e. they all lie on the same line,

If we define a line which is having a parallel line to AB and the points A and B lie on it, as the
points are colinear so C must satisfy the line,

Given A(-1, 3, 2) and B(-4, 2, -2), AB = -31 — j -4k

The points on the line AB with A on the line can be written as,
R =(-1, 3, 2) +a(-3, -1, -4)

Let C = (-1-3a, 3-1a, 2-44a)

0 (5, 5, p) = (-1-3a, 3-1a, 2-4a)

d As L.H.S = R.H.S, thus

d5=-1—3a,a=-2

Substituting a = -2 we get, p = 2-4(-2) = 10

Hence, p = 10.

Question: 12

Solution:
Let
2 1 2
R.=3j - 7y
1=, 750 7y

AndRa = Si+2j+°k
7 7 7

Ry.Ry = |R1!1R2]C°F9



Here, as R1 and R2 are the unit vectors with a direction given by the direction cos
|IR1| and |R2| are 1. CLAssz4

So, cosh = Ri.RQ/ 1

dcogy _ & _=2_12_ 8
21 21 21 21
-1 8
d0 =cos 21
. . ., 8
The angle between the lines is cos ~—

Question: 13
Solution:

The angle between the two lines is given by

R,.R.
cosd = =
IR, [IRs]

where R: an R- denote the vectors with the direction ratios,
So, here we have,
Ry =ai+ bj + ck and R, = (b-e)i +(c-a)j + (a-b)k

alb—c)+blc—al+ec{a—b)

cos=

VaZ+b2+c? [(b-c)Z+(c—a)Z+(a-b)"
cos

8=0

119
Hence, 8 = 7

Question: 14
Solution:

The angle between the two lines is given by

R,.R,
cosf) = ——=
IR, [IRz]

where R: and R. denote the vectorswith the direction ratios,
So, here we have,
Ri=2i-3)+g4gkand Ro =i+2] + k

2-6+4

= =0
cosf= V2TH(-3)% 447 17427417
CcOs
0=0
LY
Hence, 0 = -

Question: 15
Solution:

The angle between the two lines is given by

R,.R.
cosh = =
IR, [IR2]

where R: and R. denote the vectors with the direction ratios,



So, here we have,

Ri=1i+j+ 2k and R2 = (/3 — Di-(V3 + 1)j + (4)k

cosQ = V3-1-3-1+8 &
Tz 2oz |r e (12 = . 6,24
V17412422 \Ilr(\s—uw(—(_\3+1))-+4- v

cos
1

B=-

2

Hence, 8 = 3

Question: 16
Find the angle be
Solution:

The angle between the two lines is given by

where R, and R. denote the vectors with the direction ratios,

So, here we have,

Ri1=3i-2j+kand Ra = 4i + 5j + 7k

12—-18+7 g

cosf= =

N \-"3-"'*'(—2)1:{:172 VAT +57473 Vid.yvo

cOos 3

¢l

2y
1

e

v3d

Hence, 0 = cos™

Question: 17
Solution:

(i) The angle between the two lines is given by

R,.R.
TR IR

cosd

where R; and R, denote the vectors with the direction ratios,
So, here we have,

Ri=1i-j+ kand R2 =i for x- axis

1-0+0 1

cost= s = =

NECTTEES LRSI

cos 1
9‘ - =
vi

.1
Hence, 0 = cos 1_—3
A}

With y- axis,i.e. Ra =j

0-1+0 1

cosb=Tom—r =T T &

IR+ B VE V3

Hence, 0 = CDS_I(f%)
v

With z- axis,i.e.R2 = k
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0-0+1

1
col= T——F— 5" =
9 J1TH(-1)%+2V1E 3

1
COSB ==
v3

1,1
Hence, 8 = cos 1(—ﬁg)
v

(ii) The angle between the two lines is given by

where R: and R» denote the vectors with the direction ratios,

So, here we have,

R1i=j-kand Rz =i for x- axis

o a-0+0 o
COSU= Jomere(- 12 viE
cos
8=0
™
Hence, 8 = -

With y- axis,i.e. Ra=j

0+1+0 i
cosh= ..f0:+1=+q_—112 = B
cos 1
8= =
V2
Hence, 0 = —

With z- axis, 1. e. Re = k

0+0-1 1
cosO= JORHr (12 Ve 2
cOs 1
0=-—=
V2
Hence, 0 = —

(iii) The angle between the two lines is given by

R,.R.
cosd = =
IR, [IR]

where R, and Rx denote the vectors with the direction ratios,

So, here we have,

R1=1i-4j+ 8k and R2 =i for x- axis

1-0+0 1

cos= T o == =

R T S LR 2 RV T

cos

B =

F-RE

—11
Hence, 0 = cos 1;

With y- axis,i.e. Ra =j

0—-4+0 -+

cosB= 7= ==

J1PH(—4)R 483 V1T 9
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Hence,8 = cos_l(—é) CLAssz4

With z- axis,i.e. Rz =k

" 0-048 B
COSY= MEy(—a)+82 V2 9
cos_ g
B =-
9

Hence, 8 = cosfl(g)

Question: 18

Solution:

Given: A(1, 8, 4)

Line segment joining B(o, -1, 3) and C(2, -3, -1) is

BC = 2i - 2j - 4k

Let the foot of the perpendic
As R lies on the line havi

So, R = (o0, -1, 3) + a(2,
R(2a, -1-2a, 3-4a)

As the line oot of the perp

AR.BC =c
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