Three Dimensional Geometry

Case Study Based Questions

Case Study 1

Two motorcycles X and Y are running at the speed
more than allowed speed on the road along the lines

—> A AN A —> AN A A AN N
r=A(i+2j—k) and r=3i43j+u2i+j+k
respectively.

Based on the above information, solve the following questions:

Q1. The cartesian equation of the line along which motorcycle X is running, is:

a.XH:yH:Z_] b,izzzi
1 2 —1 1 2 -1
C. X_Y¥_Z d. None of these
1T 2 1

Q2. The direction cosines of line along which motorcycle X is running, are:

a.<-2,1> b.<12-1>
et 2 1 d< 1 2 -1
BB V6 - JBVe'VB
Q3. The direction ratios of the line along which motorcycle Y is running, are:

a.<102 > b.<2,10>
c.<112> d<211>

Q4. The shortest distance between the given lines is:

a. 4 units b. 2+/3 units
c. 342 units d. zero



Q5. The motorcycles will meet with an accident at the point:

a.(-1,1.2) b.(2,1,-1)
c.(1,2,-1) d. None of these
Solutions

1. The line along which motorcycle X is running, is

- o ~on . ,
r = (i +2 j —k) which can rewrite as:

(x/i\+y/i\+zfl2):k/i\+2k/i\—?xﬁ
= X=A, Y=2L, Z=—1
N
Thus, the required cartesian equation is ? :%: _%

So, option (b) is correct.

2. Clearly, direction ratios of the required line are
<1,2,-1>
.. Direction cosines are:

JO2 + ()2 + (12
ie. < 1 2 nl >
' JH4+1 14441 1+ 447
ie. <L i _—1>
' V6 66

So, option (d) is correct.

3. The line along which motorcycle Bis running, is
¢ = 3 i+ 3/i\)+ (2 i+ /|\ + ﬁ) which is parallel to the

N
vector2 i + | +k.

. D.R/s of the required line are < 2,1 1>.
So, option (d) is correct.



o d AN AN A > AN A = AN AN N
4. Here,a;=0i+0j+0kay,=3i+3j.bj=i+2] -k
e A A AN
andb, =2i+j+k
— — A A
|

a,-a; =(31+3])-(01+0j+0k)=371+3]

- - i l k
2 1 1
—(2+0)1 -(1+2) + (1= 4)k
~37-37-3k

Now, (a5 —a)-(byxby)=(31 +37)-(31 -37 -3k)

=(3)(3)+(3)(-3)+(0)(-3)=9-9=0
Hence, shortest distance between the given lines is 0.
So, option (d) is correct.

5. Cartesian equation of Motorcycle x is

X y z
—=Z=— (1
1T 2 -1 W
and cartesian equation of Motorcycle y is
x-3_y-3_2 2)
2 1 1
Take a point (x,v,z) = (1,2, -
from eq. (1), %=%=;1 = 1=1=1 (true)
-3 2-3 -1 -2 -1 -
fromeq. (2), —="Z"=— = —=—=—
2 1 1 2 1 1

=1=1=1 (true)

Since, the point (1, 2, -1) satisfy both the equations of lines, therefore point of
intersection of given linesis (1, 2, -1).

So, the Motorcycles will meet with an accident at the point (1, 2, -1).

So, option (c) is correct.



Case Study 2

If a;,by,c; and a,,b,,c, are Lt Ly
direction ratios of two lines say f f

L, and L, respectively. / ,/ L
Then L,||L, iff L= by _¢a “I—‘Lz

a by ¢
and L 1L iff
a1a2 +b1b2 +CI(32 =0

Based on the above information, solve the following questions:

Q1 If {y,m,n; and [,,m,,n, are the direction
cosines of [; and L, respectively, then L, will be
perpendicular to L,, iff:
a.Lb+mm;+n;n;=0
b.tyms +m b +nyn, =0

b _my _m
bomy oy

d. None of the above

Q2. If [,,m,n; and [,,m,,n, are the direction
cosines of L, and L,respectively, then L; will be
parallel to L, iff:

d. [1[2 +m'|m2 +n'|n2 :D
b. [1m2 +m'|[2 +Myn; =0
h_m_m
b omy
d. None of the above

Q 3. The coordinates of the foot of the perpendicular
drawn from the point A (2, 1, 2) to the line
x-3 y-2 z-5

1 1 1

&1 Ej b. (2.4, 5)

3 3 3

3,4,5) d. (4, 3, 5)

are:

a.

c.(



Q 4. The direction ratios of the Lline which

perpendicular to the lines with direction ratios

proportional to (-1, 3, 2) and (4, 0, —3), are:

a.<-95-12 > b.<121>
€.<2,-12> d<-122>
-x+2 -y+1 z-2
Q5. The lines Xve_oyr-_z
-3 2 0
-x+1 2
and x+1_ Y+3=z+5are:
-1 3 2

a. parallel b. perpendicular

c. skew-lines d. non-intersecting
Solutions

1. Since, D.R's are proportional to D.C.'s, therefore L, will

be perpendicular to L, iff
[1[2+m'|m2 +n]n2 :D
So, option (a) is correct.

2. Since, D.R's are proportional to D.C.'s, therefore L; will

be parallel to L, iff
h_m _m
L my ny
So, option (c) is correct.
3. Equation of line is:
x-3 y-2 z-b5
T 1

Let coordinates of foot of perpendicular be D (x, v, 2).
.. Direction ratios of ADare<x-2,y-1z-2 >
Also AD is perpendicular to the given line
(x=2)+1(y-0)+1(z-2)=0
Xx-2+y-1+z-2=0
X+y+z=5 ..(1)

U d



Any point on the lineis (AL +3, A+ 2, L +5).
This will satisfy the eq. (1).

A+3+A+2+2+5=5 = 31A=5-10

5
L=
= 3

.. Required coordinate of foot of perpendicular is

(—5+3, —§+2. —5+5]
3 3 3

. (4 1 10]
e, |=. =. —
3 3 3

So, option (a) is correct.

4. Let a,b,c be the direction ratios of the required line.
Since it is perpendicular to the lines whose direction
ratios are (-1 3. 2) and (4, 0, —3) respectively.
—a+3b+2c=0 (1)
and 4a+0-b-3c=0 ..(2)
On solving egs. (1) and (2) by cross-multiplication, we

get
a b C a b C

9,0 83 012 95 -12
Thus, the direction ratios of the required line are
<-95-12 >
So, option (a) is correct.

B. Given lines are
-X+2 -y+1 z-2

-3 2 0
or X -2 :y—1=z—2
3 -2 0
and —x+1:2y+3:z+5
—1 3 2
or x-1_y-(-3/2) _z-(-5)

1 3/2 2



. Direction ratios of given lines are <3,-2,0 >
and <13/2,2>.

Now, as (3) (1) + (-2)(3/2) + (0)(2)=3-3+0=0
Thus, given lines are perpendicular to each other.
So, option (b) is correct.

Case Study 3

Consider the following diagram, where the forces in the cable are given:

Based on the above information, solve the following questions:

Q1. The vector E_[)) is:

2.81-6]+24k b.—81 -6 +24Kk
c-81-6]-24k d.81+6]+24k
Q 2. The length of the cable EB is:
a. 24 units b. 26 units
c. 27 units d. 25 units
Q 3. The length of cable ECis equal to the length of:
a. EA b. EB
c.ED d. All of these
0 4. The sum of all vectors along the cables is:
2.96 b.96 |
c.-96k d.96k

— —
Q 5. The angle between EAand EB is:

a = b, X
3 6

1[57] 1(151)
C.COS '| — d.cos | —
71 169



Solutions

1. Clearly, the coordinates of Dare (-8, -6, 0) and that of
Eare (0, 0, 24).
i n

— A
. VectorEDis(-8-0)i +(-6-0)j +(0-24)k,
ie. —81-6]-24k.
So, option (c) is correct.

2. Since, the coordinates of B are (8, 6, 0) and that of
Eare (0, 0, 24), therefore length of cable

EB =4(8-0)2+(6-0)2 +(0-24)2
= \/64 +36 +576 =676 =26 units.
So, option (b) is correct.

3. Since, the coordinates of C are (-8, 6, 0), therefore
length of cable EC=/(-8-0)2 + (6 -0)2 + (0-24)>
=64 +36 + 576 = /676 = 26 units.

Similarly, length of cable EA =ED =EB =26 units.
So, option (d) is correct.

4. Sum of all vectors along the cables
e O Y
=EA+EB+EC+ED
—(81-6]-24K)+(81+6]-24k)
+(-Bi+6]-24Kk)+(-81-6]-24K)
- 96k
So, option (c) is correct.



5. Let the angle between EA and EB be 0.
EA=81-6]-24kandEB=81+6]-24k
EAEBI _1(81-6]-24k)-(81+6]-24k)
IEAIIEBI  187-6]-24K1181+6]-24K]
_ 1(8)(8) +(-6)(6) + (-24)(-24)|
V(8) +(-6) + (-24)2/(8)? + (6)? + (- 24)?

|64 —36+ 576 604

= J64+36+57664+36+576 6764676
604 151

676 169

— 9=cos’ [EJ
169

So, option (d) is correct.

C.Cos0=

Case Study 4

An electricity tower stands on an agricultural horizontal field, where agricultural
activities are not obstructed in any manner. Consider the surface on which the
electricity tower stands as a plane having points P (2,-1,3), Q (0,4,1)R (2,1,-1) and H (0,
-1, 2) on it. The electricity tower is tied with three cables from the points P, Q and R
such that it stands vertically on the field. The top of the electricity tower is at the point
T (4, 1, 3) as shown in the following figure:

Based on the above information, solve the following questions:

Q1. Find the equation of the perpendicular line drawn
from the top of the electricity tower to the
horizontal field.

Q 2. Find the distance between the points P and Q.



Q 3. If the points P,Q and R connect each other with a
wire and form a triangle, then find the area of
APQR.

Or
Check the points P, Q and R collinear or not.

Solutions

1. The equation of the perpendicular line TH drawn from the top T (4, 1, 3) of the
electricity tower to the horizontal field at point H is

x-4 y-1 z-3
4 2 1

where, < 4,2,1> are direction ratios of the line TH.

2. The distance between the points, P and Qis
PQ=(0-2)2 +(4+1)% +(1-3)

=J4+25+4 =433

3. Since,P(2.-13).Q (0.4, 1) andR (2.1, -1)

: -1 31
AX:E 4 11
1T -1 1
:%[_1(1+1)—3(4—1)+1(—4—1)]
:l[_2—9—5]
2
2
: 2 31
Ay=5[0 11
2 -11
=;[2(1+1)—3(0—2)+1(U—2)J
=l[4+6—2]=§=4
2
: 2 -11
and AZ=§ 0 4 1
2 11



=%[2 (4-1)+1(0-2)+1(0-8)]

1
2

. Area of APQR = \/A,% +A)+AZ

=(-8)2 +(4)2+(-2)?
_J6h+16+ 4 =B84
=24215q. units.

Or

4
6-2-8]=-—=-2
( )=-5

Given, points are

P(2,-1,3) =(xq.v1. 7).

Q0. 4.1 =(x3.y2.25)

and R(2,1,-1) =(x3,v3.23)

If the points are collinear then

X3=X1_Y3-¥1_Z3-2;

Xp=X1 Vo-Vi Zy-1;
2-2 1+1 -1-3

- 0.2 4+1 1-3
N 0_2 -4
2 5 -2
= 0¢2¢2
5

Thus, the points P, Q and R are not collinear.

Case Study 5

Electrical transmission wires which are laid down in winters are stretched tightly to
accommodate expansion in summers.

' Grounded
metal tower

I

S
- ;
et i { / -
’ ”\\4 K = !
- \_\/\

Overhead
ground wires



Two such wires lie along the following lines:

x+l y=-3 z+2
3 2 -
x _y-T_z+7

A
2T 3 2

i

Based on the given information, solve the following questions:

Q1. Find the angle between the lines [, and [,.
Q 2. Find the point of intersection of the lines [, and [,.

Solutions

1. The direction ratios of given lines are 3, -2, -1 and -1, 3, -2 respectively.

)+(-2)@)+(-1(-2)

. C0S0= BT
JBP (=27 + (=1 J(=1)7 + 3)2 + (-2)?
B ~3-6+2 -7
|9+ 4+11+9+4 | |14 14
:%:%:COSGUO
-  9=60°=X
3

2. From line (1),
x+1 y-3 z+2

3 -2 —1
=>x=3r-lTy=-2A+3 and z=-A-2.
So, the coordinates of a general point on this line are
BA-1-21+3.-1-2).

A (say)

From Lline (2),
X yv-7 z+7

3 T2 n
So, the coordinates of a general point on this line are
(-u.3p+7.-2n-7)
If the line intersects, then they have a common point.
So, for some values of A and p, we must have
N-1=—p,-2A+3=3p+7,-A-2=-2n-7
= 3A+p=13p+2A=—4,1-2pn =5

(say)



On solving first two equations,we getA =Tand p = -2
Since, A=1and p =-2 satisfy the third equation.
So the given lines intersect. On putting A =1 in
(3L -1 -21+3,- A -2),the coordinates of the required
point of intersection are (2.1, -3).

Case Study 6

The Indian Coast Guard (ICG) while patrolling, saw a suspicious boat with four men.
They were no way looking like fishermen. The soldiers were closely observing the
movement of the boat for an opportunity to seize the boat. They observe that the
boat is moving along a planar surface. At an instant of time, the coordinates of the
position of coast guard helicopter and boat are A (4, 5, 2) and B (1, 2, 3) respectively.

Based on the above information, solve the following questions:

Q1. If the soldier decides to shoot the boat at given instant of time, where the
distance measured in metres, then what is the distance that bullet has to travel?

Q2. If the speed of bullet is 45 m/s, then how much time will the bullet take to hit the
boat after the shot is fired?

Q3. Find the direction cosines of line passing through the positions of helicopter and
boat.

Or

At the given instant of time, find the equation of line passing through the positions of
helicopter and boat.

Solutions

1. Required distance =Distance between A and B
—J(1-4)2+(2-5)2+(3-2)?

=v9+9+1=4/19m




2. We know that,
Distance =Speed x Time

Distance 19

= sec
Speed 45

.. Required time =

3. Direction ratios of line AB are <1-4,2-5,3-2 > i.e;
<-3,-3,1>From part (1), length of AB is 19 m.

\ \ . . -3 -3 1
. Direction cosines of line AB are < , , >
719 419 /19

Or

. Required equation of line ABis
x-4 y-5 z-2
-3 -3 1

[-Dr'sof line ABare< -3,-3,1>)

Case Study 7

In a diamond exhibition, a diamond is covered in
cuboidal glass box having coordinates O (0, 0, 0),
A(1,0,0),B(1,2,0),C(0,2,0),0'(0,0,3),
A'(1,0,3),B'(1,2,3)and C' (0, 2, 3).

00,0,3) C0.23)
A'(10.3) 1238
0 (0,0,0) —_—
A (1,0,0) B (1,2,0)

Based on the above information, solve the following questions:
Q 1. Find the direction ratios of OA'.
Q 2. Find the equation of diagonal OB'.
Or

Find the length of the longest rod place in
cuboidal glass box.
Q 3. Find the angle between OB and OB'.

Solutions



1. Direction ratios of OA’ are
<1-00-03-0>ie,<103>

2. Since Dr'sof OB’'are<1-0,2-0,3-0>ie.,<12 3>

.. Equation of diagonal OB’ is
x-0 _YV- 0 _Z- U;e xX_y_z
1 2 3 771 2 3

Or

Length of the Longest rod
=) =14 units

3. Direction ratios of OB are
<0 b,y >=<1-02-00-0>=<120>
and direction ratios of OB’ are
<05.b5.¢5 >=<1-02-03-0>=<123>.
Let 6 be the angle between OB and OB’, then

la;a; +byby + ¢G5l

Cos0 =
\/G-|2+b1 +q \/02 +b2 +C%
= oo 00+ +@E) _1+4+0
\/12+22+02\/12+22+32 J5 ik
~  cosf=—> - |2
ff 14

el



Solutions for Questions 8 to 17 are Given Below

Case Study 8

The Indian Coast Guard (ICG) while patrolling, saw a suspicious boat with four men.
They were nowhere looking like fishermen. The soldiers were closely observing the
movement of the boat for an opportunity to seize the boat. They observe that the boat is
moving along a planar surface. At an instant of time, the coordinates of the position of
coast guard helicopter and boat are (2, 3, 5) and (1, 4, 2) respectively.

Based on the above information, answer the following questions.

(i) If the line joining the positions of the helicopter and boat is perpendicular to the
plane in which boat moves, then equation of plane is

(@) x-y+3z=2 (b) x+y+3z=2
(c) x—-y+3z=3 (d) x+y+3z=3

(ii) If the soldier decides to shoot the boat at given instant of time, where the distance
measured in metres, then what is the distance that bullet has to travel?

(@ Y5m (b) J2m
() Viom (d) Vi1m

(iii) If the speed of bullet is 30 m/sec, then how much time will the bullet take to hit the
boat after the shot is fired?

(a) 30 seconds (b) 1 second
(c) ! second (d) ﬁ:-".nf:n::nurm:ls
2 30


user
Typewritten text
Solutions for Questions 8 to 17 are Given Below


(iv) At the given instant of time, the equation of line passing through the positions of helicopter and boat is

(a] E_i_f {b] I—l:}'—4:Z—2

1 -1 3 1 -1 3
C izl:i d I_I-:}'—‘I':Z—E
(c) 1 1 -3 @ 1 1 -3

(v) At a different instant of time, the boat moves to a different position along the planar surface. What should

be the coordinates of the location of the boat for the bullet to hit the boat if soldier shoots the bullet along

. .. x—1 -1 -2
the line whose equation is xl =X 5= : 3 ?

111 3 35 1 11
(a) (E’EE] (b) (ZEE} (c) (E,E,g] (d) none of these

Case Study 9

In a diamond exhibition, a diamond is covered in cubical glass box having coordinates O(0, 0, 0), A(1, 0, 0),
B(1, 2,0), C(0, 2, 0), O’(0, 0, 3), A’(1,0, 3), B'(1, 2, 3) and C(0, 2, 3).

(0,0, 3)

A’(1,0,3)
(0,2, 3)

A(1,0,0) &
¢ €(0,2,0)

Based on the above information, answer the following questions.

(i) Direction ratios of OA are
(a) <0,1,0> (b) <1,0,0> (c) <0,0,1> (d) none of these
(ii) Equation of diagonal OB’ is

(a) ?%:% (b) %:{:3 (c) f:%:% (d) none of these
(iii) Equation of plane OABC is

(a) x=0 (b) y=0 (c) z=0 (d) none of these
(iv) Equation of plane O'A’'B'C’ is

(a) x=3 (b) y=3 (c) z=3 (d) z=2

(v) Equation of plane ABB’A” is
(a) x=1 (b) y=1 (c) z=2 (d) x=3



Case Study 10

The equation of motion of a rocket are : x = 2f, y = —4f, z = 41, where the time 1’ is given in seconds, and the

distance measured is in kilometres.

Based on the above information, answer the following questions.

(i) What is the path of the rocket?
(a) Straight line (b) Circle (c) Parabola (d) none of these

(ii) Which of the following points lie on the path of the rocket?
(a) (0,1,2) (b) (1,-2,2) (c) (2,-2,2) (d) none of these

(iii) At what distance will the rocket be from the starting point (0, 0, 0) in 10 seconds?
(a) 40km (b) 60 km (c) 30km (d) 80 km

(iv) If the position of rocket at certain instant of time is (3, -6, 6), then what will be the height of the rocket from
the ground, which is along the xy-plane?
(a) 3km (b) 2km (c) 4km (d) 6km

(v) At certain instant of time, if the rocket is above sea level, where equation of surface of sea is given by 3x - y
+ 4z = 2 and position of rocket at that instant of time is (1, -2, 2), then the image of position of rocket in the

sea is

20 15 18 20 -15 18 20 —15 18
(a) (E’E’E] (b) (]3. 5 ]3] (c) (13, T .13] (d) none of these

Case Study 11

) b
Ifa,, b, c, and a,, b,, ¢, are direction ratios of two lines say L, and L, respectively. Then L, || L, iff i b_l =4
- B a b o

andL, 1 L,iffa,a, + b;b, + c;c,=0.

b
[

A 2




Based on the above information, answer the following questions.

(i) Ifl,,m;,n and L, m,, n, are the direction cosines of L, and L, respectively, then L,

will be perpendicular to L,, iff
(@) LL+mm,+nmn,=0 (b) Imy+m,+nn,=0
(c) h =Mm_h (d) none of these
L m
(ii) Ifl, m,n and [, m,, n, are direction cosines of L, and L, respectively, then L, will be parallel to L,, iff
(a) LI+ mm; + nny =0 (b) Imy+ml,+nn,=0
(c) L1 =M (d) mn,+mun,+ L1, =0
L m m

(iii) The coordinates of the foot of the perpendicular drawn from the point A(1, 2, 1) to the line joining
B(1,4,6) and C(5, 4, 4), are

(a) (1,2,1) (b) (2,4,5) (€) (3,4,5) (d) (4,3,5)

(iv) The direction ratios of the line which is perpendicular to the lines with direction ratios proportional to
(1,-2,-2) and (0, 2, 1) are

(a) <1,2,1> (b) <2,-1,2> (c) <-1,2,2> (d) none of these
(v) The lines x-2 y+1 _z-2 and x—=1_y+32 z+5
T2 0 1 32 2
(a) parallel (b) perpendicular (c) skew lines (d) non-intersecting

Case Study 12

A mobile tower stands at the top of a hill. Consider the surface on which tower stand as a plane having points
A(0,1,2), B(3, 4, -1) and C(2, 4, 2) on it. The mobile tower is tied with 3 cables from the point A, B and C such
that it stand vertically on the ground. The peak of the tower is at the point (6, 5, 9), as shown in the figure.

(6,5,9)

~-|.
.

.

=]

H‘“‘-
B(3,4,-1)

-
-

.

L

=T
——

C0,4,2)

Based on the above information, answer the following questions.

(i) The equation of plane passing through the points A, Band Cis
(@) 3x-4y+2z=0 (b) 3x-2y+z=0 (c) 4x-3y+z=0 (d) 4x-3y+3z=0

(ii) The height of the tower from the ground is

(a) 6 units (b) 5 units (c) % units (d) % units



(iii) The equation of line of perpendicular drawn from the peak of tower to the ground is

(a) x—ﬁ:y—4:z—9 (b) 1—6:}'—522—9
3 -2 1 3 -2 1
(c) x—ﬁ:y—4:z—9 () 1—6:}'—522—9
3 2 1 3 2 1
(iv) The coordinates of foot of perpendicular drawn from the peak of tower to the ground are

(a) [E}E,E) (b) (?3,E,E) (c) (EEE) (d) none of these
14 14 14 14 14 14 14 14 14

(v) The area of AABC is

(a) %xfﬁ sq. units (b) %Jﬁ sq. units (c) 14 sq. units (d) 2414 sq. units

Case Study 13

Two motorcycles A and B are running at the speed more than allowed speed on the road along the lines

F=Mi+2j—k) and 7=3i+3j+u(2i+ j+k), respectively.

;!‘TVH-- -

Based on the above information, answer the following questions.

(i) The cartesian equation of the line along which motorcycle A is running, is

x+1 y+1 =z-1 x y =z X y z
= = b) —===— —==== d) N f th
(a) " 3 - (b) T3 (c) =377 (d) None of these
(ii) The direction cosines of line along which motorcycle A is running, are
@ <1-2.1 (b) <1.2,-1 © <> @ <o
a) <1,-2,1> <1,2,-1> c<£,£,£> AN
(iii) The direction ratios of line along which motorcycle B is running, are
(a) <1,0,2> (b) <2,1,0> () <1,1,2> (d <2,1,1>
(iv) The shortest distance between the gives lines is
(a) 4 units (b) 2/3 units (€) 32 units (d) 0 units
(v) The motorcycles will meet with an accident at the point
(a) (-1,1,2) {(b) (2,1,-1) (c) (1,2,-1) (d) does not exist

Case Study 14

A football match is organised between students of class XII of two schools, say school A and school B. For which
a team from each school is chosen. Remaining students of class XII of school A and B are respectively sitting
on the plane represented by the equation 7-(f+j+2k)=5 and 7 —[?.E—}+i'] =6, to cheer up the team of their
respective schools.



Based on the above information, answer the following questions.

(i) The cartesian equation of the plane on which students of school A are seated is

(@) 2x-y+2z=8 (b) 2x+y+2z=8 (c) x+y+2z=5 (d) x+y+z=5
(ii) The magnitude of the normal to the plane on which students of school B are seated, is

(@) 5 (b) V6 © 3 (d 2
(iii) The intercept form of the equation of the plane on which students of school B are seated, is

(a) %+%+%:1 (b) §+[—_*"6}+§:1 © §+§+§:1 () %%%:1
(iv) Which of the following is a student of school B?

(a) Mohit sitting at (1,2, 1) (b) Ravisitting at (0, 1, 2)

(c) Khushi sitting at (3, 1, 1) (d) Shewta sitting at (2, -1, 2)
(v) The distance of the plane, on which students of school B are seated, from the origin is

(a) 6 units (b) % units (c) % units (d) J6 units

Case Study 15

Consider the following diagram, where the forces in the cable are given.




Based on the above information, answer the following questions.

(i) The cartesian equation of line along EA is

x_y_z x_z 34
(@) 4 3 12 ®) -4 3 12

(ii) The vector EDis
(a) 8i-6j+24k
(iii) The length of the cable EB is
(a) 24 units (b) 26 units

(b) —8i-6j+24k

(iv) The length of cable EC is equal to the length of
(a) EA (b) EB

(v) The sum of all vectors along the cables is
(a) 961 (b) 96]

Case Study 16

(c) -8i-6j—24k (d) 8i+6j+24k

(c) 27 units (d) 25 units

(c) ED (d) All of these

(c) -96k (d) 96k

Consider the following diagram, where the forces in the cable are given.

Based on the above information, answer the following questions.

(i) The equation of line along the cable AD is

x_Yy_z2-30
@ 5 4 15

(ii) The length of cable DC is

(a) 4J61 m (b) 5J61 m
(iii) The vector DB is

(a) —6i+4j—30k (b) 6i—4j+30k
(iv) The sum of vectors along the cables, is

(a) 17i+6j+90k (b) 17i—6;j—90k

5_1_2-3{]
(®) 45 15
x_Yy_30-:z
@ 3757715
(c) 661 m (d) 7461 m

(c) 6i + 4}' + 30k (d) none of these

(c) l?;+ﬁ}—9[lic (d) none of these



(v) The sum of distances of points A, B and C from the origin, i.e., OA + OB + OC, is

(@) Jied+vV52+v625 () V524625448 () V164 +625+/49 (d) none of these

Case Study 17

Suppose the floor of a hotel is made up of mirror polished Kota stone. Also, there is a large crystal chandelier
attached at the ceiling of the hotel. Consider the floor of the hotel as a plane having equation x — 2y + 2z =3
and crystal chandelier at the point (3, -2, 1).

Based on the above information, answer the following questions.

(i) The d.rs of the perpendicular from the point (3, -2, 1) to the plane x - 2y + 2z =3, is
(a) <1,2,2> (b) <1,-2,2> (c) <2,1,2> (d) <2,-1,2>

(ii) The length of the perpendicular from the point (3, -2, 1) to the plane x - 2y + 2z =3, is

2
(a) ; units (b) 3 units (c) 2 units (d) none of these
(iii) The equation of the perpendicular from the point (3, -2, 1) to the plane x — 2y + 2z =3, is

x—-3 y-2 z-1 x—3_y+2_z-1

@ —F—="5=7 ® 77557
+3 y+2 z-1
() = = }'_2 —= 3 (d) none of these
(iv) The equation of plane parallel to the plane x — 2y + 2z = 3, which is at a unit distance from the point
(3,-2,1)is
(@) x-2y+2z=0 (b) x-2y+2z=6 (c) x-2y+2z=12 (d) Both (b) and (c)
(v) The image of the point (3, -2, 1) in the given plane is
52 -5 -5 25 -5 25
(a) (???] (b) [?,?,5] (c) (?,5.5] (d) none of these

-

L HINTS & EXPLANATIONS )

8. (i)(c):Let P(2,3,5)and Q(1,4, 2) bethe positions (i) (d) : Required distance = Distance between Pand Q

of helicopter and boat respectively. > > D

Now, direction ratios of PQ are proportional to = \!ﬂ -2 +(@-3°+2-5" =J1+1+9=V1Im
1-2,4-3,2-5,ie,-1,1,-3. (iii) (d) : We know, Distance = Speed x Time

So, equation of plane passing through Q(1, 4, 2) and Ji

perpendicular to PQ is ~. Required time = — seconds
(x-1)+(y-4)+(-3)(z2-2)=0= x-y+3z=3 30



x—1_ y—4 z-2
-1 3
x—1_y-1_ 2z2-2
-2 3

(iv) (b) : Equation of line PQ is

(v) (b) : Any point on the line is

givenby (A +1,-24 + 1,34 + 2).

Now, on substituting this point in the equation of
plane x — y + 3z = 3, we get
(A+1D)-(-22+1)+3(34.+2)=3

= A+1+24-1+92+6=3 = 124=-3

= A= -t

Thus, the required point is (-Tl +1, % +1, 'T“j’ + 2]

e [E, 3 E]_
4’24

9. (i) (b) : D.R3s of OA are < 1-0,0-0,0-0 >,

ie,<1,0,0>.

(ii) (a) : Equation of diagonal OB’ is

x-0_y-0_2z-0 je X_Y_2
12 3

17273

(iii) (c) : OABC is xy-plane, therefore its equation is
z=0.

(iv) (c) : Plane O’A’B’C’ is parallel to xy-plane passing
through (0, 0, 3), therefore its equation is z = 3.

(v) (a) : Plane ABB'A” is parallel to yz-plane passing
through (1, 0, 0), therefore its equation is x = 1.

10. (i) (a) : Eliminating ‘f’ from the given equations, we

et equation of pathas, X =% =% Y%
weed ’ 2 4 a1t
Thus, the path of the rocket represents a straight line.
(ii) (b) : Since, only (1, -2, 2) satisfy the equation of path
of rocket therefore (1, -2, 2) lie on the path of rocket.

(iii) (b) : For t = 10 sec, we have x = 20, y = -40, z = 40

Now, required distance = ,fxz +yt+2?

= \J20% +(—40)2 +(40) = /400 + 1600 + 1600

=+/3600 = 60 km

(iv) (d) : Clearly, height of rocket from the ground
= z-coordinate of given position = 6 km
(v) (b) : Let Q be the image of point P(1, -2, 2) in the
plane 3x — y + 4z = 2. Then, equation of PQ is
x-1_ y+2 z-1

3 -1 4
Let the coordinatesof Qbe (3r+ 1, -r - 2, 4r + 2).
Let Rbe the mid-point of PQ. Then, coordinates of Rare
[BT +2,_T_4 ,4r+4] or (Er+l,_—r—2,2r+2)

2 2 2 2 2

Since, Rlieson 3x — y + 42 =2.

3Gr+1]—[%'—2]+4{2r+2}:2

o T3l igren=2
2 772 o

= 13r+l13=2= r=——
13

Hence, the coordinates of Q are

=33 11 —44 =20 -15 —
2200 e Eﬂll 15) 18 .
13 13 13 13 13 13

11. (i) (a) : Since, D.R’s are proportional to D.CJ,
therefore L, will be perpendicular to L, iff
LL+mm,+nn,=0

(ii) (c) : Since, D.Rs are proportional to D.C35,
therefore L, will be parallel to L,, iff

hom_m

L m m

(iii) (<) : Equation of line joining B and C is

x—1_y—-4 z-6

4 0 -2

Let coordinates of foot of perpendicular be D(x, y, z).
DRsof ADare<x-1,y-2,z-1>,

Now, 4(x-1)+0(y-2)-2(z-1)=0=4x-22z=2

Also, (x, y, z) will satisfy equation of line BC.

Here, (3, 4, 5) satisfy both the conditions.
Required coordinates are (3, 4, 5).

(iv) (b) : Let a, b, ¢ be the direction ratios of the
required line. Since it is perpendicular to the lines
whose direction ratios are (1, -2, -2) and (0, 2, 1)
respectively.
a-2b-2c=0 (1)
0-a+2b+c=0 (1)
On solving (i) and (ii) by cross-multiplication, we get
a b ¢ a_b ¢
-2+4

SE_— == = === ==

0-1 2 2 -1 2
Thus, the direction ratios of the required line are
<2,-1,2>.

(v) (b) : D.Rsof given linesare < 3,-2,0>and < l,%,i}
Now, as 3~l+{—2]-[§]+ﬂ-2:3—3+ﬂ20

Given lines are perpendicular to each other.

12. (i) (b) : The equation of plane passing through
three non-collinear points is given by

X—x Y=n =
XN—X V2= z—z|=0
% V=N £



X y—1 z-2
= 3-0 4-1 -1-2/=0
2-0 4-1 2-2
x y-1 z-2
= |3 3 =3 |=0
2 3 0

= x(0+9)-(y-1)(0+6)+(z-2)(9-6)=0

= 9x-6y+6+3z-6=0= 3x-2y+2=0

(ii) (c) : Height of tower = Perpendicular distance

from the point (6, 5, 9) tc- the plane3x -2y +z=0
18—10+9 17

J?:T (=22 +12 |
(iii) (b) : D.Rs of perpendicularare <3, -2, 1 >
[ Perpendicular is parallel to the normal to the plane]
Since, perpendicular is passing through the point
(6, 5, 9), therefore its equation is
x—6_y-5_z-9
3 2 1
(iv) (a) : Let the coordinates of foot of perpendicular
are (34 +6,-22.+54+1+9)
Since, this point lie on the plane 3x — 2y + z = 0,
therefore we get
33 +6)-2-22+5)+(L+9)=0

units

= 9 +4+4,A+18-10+9=0
= 14=-17 = l:_—”
14

Thus, the coordinates of foot of perpendicular are
—-51 34 -
(6257 o) e, (2,10,19)
14 14 14 14 14 14
(v) (b) : Clearly, area of ABC = %|E x AC|

:% (31+37-3Kk) x (2i +3])|
1 : } ¢ 1
=P 3 - :E|92—6}+3£:|
2 3 0
L PR :%le :%Jﬁ sq. units
2
13. (i) (b) : The line along which motorcycle A is

running, is ¥ = 1[} + 2}_ E}, which can be rewritten as
(xi+yj+zk)=Ai+2hj—rk
= x=Ay=20z=-LA = —_}.,}r }_,—l:l

Thus, the required cartesian equation is % = % = il

(ii) (d) : Clearly, D.Rs of the required lineare < 1,2, -1>

D.Cls are
1 2 -1
< s s >
J11+21+[ )2 AP+ + (=12 R +22 4 (1)
2 -1

III

(iii) (d) : Theline along which motorcycle Bis running,
is 7=(3i+37)+u(2i+ j+k), which is parallel to the
vector 21+ +K.
D.R’s of the required line are <2, 1, 1>.
(iv) (d):Here,d, =0i+0j+0k,d, =3i+3/,b,=1+2j—k,
b, :2§+:i+:t Sod,—d =3i+3j

-

-~

ik

and b xb, =|1 2 —1|=3i-3j-3k

21 1
Now, (@, —a,)- (b, xb,) = (3i +3])-(3i —

=9_-9=0

Hence, shortest distance between the given lines is 0.
(v) () : Since, the point (1, 2, -1) satisfy both the
equations of lines, therefore point of intersection of
given lines is (1, 2, -1).
So, the motorcycles will meet with an accident at the
point (1, 2, -1).
14. (i) (c) : Clearly, the plane for students of school A is
T- {E+_}+2E] =5, which can be rewritten as

3j—3k)

(xi+yj+zk)-(i+j+2k)=5
= x + y + 2z = 5, which is the required cartesian
equation.
(ii) (b) : Clearly, the equation of plane for students
of school B is F~{2§—}+E}:6, which is of the form
r-n=d

Normal vector to the plane is, # :2?—}'+.E and

its magnitude is |71 |= 241 +12 = «J'r_
(iii) (b) : The cartesian formis2x - y+z =6,
which can be rewritten as

2x y =z X, Yy . z_
X Y.Z g T+ 42
6 6 6 = 3 (-6) o
(iv) (c) : Since, only the point (3, 1, 1) satisfy the

equation of plane representing seating position of
students of school B, therefore Khushi is the student
of school B.

(v) (d) : Equation of plane representing students of
school B is F~{.?.E —}+E} =6, which is not in normal
form, as |n|=1.



On dividing both sides by v2? +(=1)? +1% =6, we

get

; (i;-‘_iuia]—i

NN BN

which is of the form 7-n=d
Thus, the required distance is JE units.
15. (i) (b) : Clearly, the coordinates of A are (8, -6, 0)
and that of E are (0, 0. 24).
Also, cartesian equation of line along EA is given by

x—0_y=0 _2-24

8-0 —-6-0 0-24
o X_y x| o x ¥ _z-24

8§ -6 -24 -4 3 12
(ii) (c) : Clearly, the coordinates of D are (-8, -6, 0)
and that of E are (0, 0, 24)

Vector EDis (-8-0)i+(-6-0)j+(0-24)k,
ie., -si-aj-zatﬁ.
(iii) (b) : Since, the coordinates of B are (8, 6, 0)
and that of E are (0, 0, 24), therefore length of cable
EB=+(8-0) +(6-0)? +(0-24)*
=+/64+ 36+ 576 = /676 = 26 unils
(iv) (d) : Since, the coordinates of Care (-8, 6,0) therefore
length of cable EC=+/(-8-0) +(6-0)? +(0—24)
=+/64+ 36+ 576 = /676 = 26 unils

Similarly, length of cable EA = ED = 26 units
(v) (¢) : Sum of all vectors along the cables

= EA+EB+EC+ED
= (8i—6j — 24k)+ (8i + 6 j — 24k) + (—8i +6 j — 24k)
+ (-8i—6j—24k)

— 96k

16. (i) (d) : Clearly, the coordinates of A are (8, 10, 0)
and D are (0, 0, 30)

Equation of AD is given by
x-0_y-0_z-30
8§—0 10-0" =30

x_y_30-z

4 5 15
(ii) (b) : The coordinates of point C are (15, -20, 0)
and D are (0, 0, 30)

Length of the cable DC

=(0-15)% +(0+20)% + (30— 0)2
=+/225+ 4004900 =1525 =5V61 m

(iii) (a) : Since, the coordinates of point B are
(-6, 4, 0) and D are (0, 0, 30), therefore vector DB is

(—6—0)i+(4—0)j+(0—30)k, ic., —6i+4]—30k
(iv) (b) : Required sum

— (8§ +10j —30k) + (—6i + 4] — 30k) + (15i — 20 j — 30k)
=17i—6j—90k

(v) (a):Clearly, OA=+8?+10? = /164

0B=V6> +42 =36 +16 =52

and 0C =15 +20% =225+ 400 = /625

17. (i) (b) : Equation of plane is x - 2y + 2z =3

. D.R’s of normal to the plane are <1, - 2, 2>, which
is also the D.R’s of perpendicular from the point
(3, -2, 1) to the given plane.

(ii) (c) : Required length = Perpendicular distance
from (3, -2, 1) to the plane x - 2y + 2z =3

_|3-2{-3}+2(|}-3|_§=2 units

_l le+[—2}z+22 |-3

(iii) (b) : The equation of perpendicular from the point

(x,, ¥)» z,) to the plane ax + by + cz = d is given by
X=X _JY-h_%27%

a b ¢
Here,x, =3,y,=-2,z,=landa=1,b=-2,c=2
Required equation is xl_3 = ﬁf = z;l .
(iv) (d) : The equation of the plane parallel to the
planex -2y +2z-3=0isx-2y+2z+A=0

Now, distance of this plane from the point (3, -2, 1) is

3+4+2+A |_ 9+ A
Jie2r+22| |3
But, this distance is given to be unity

[9+A4]=3 = A+9=13 = A=-6 or -12

Thus, required equation of planes are
x-2y+2z-6=00rx-2y+22-12=0
(v) (a) : Let the coordinate of image of (3, -2, 1) be
Nr+3,-2r-2,2r+1)
Let R be the mid-point of PQ, then coordinate of R be

r+6 -2r—4
_— T+l
2 2

Since, R lies on the plane x - 2y + 2z =3

(r+6]—2[_2r_4]+2(r+1]:3
2 2

= 9r=-12 =r= —E
3
-5
=)

»

Thus, the coordinates of Q be (

twa | wn
| b2
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