ALLEN JEE (Main + Advanced) : Mathematics

Three Dimensional Geometry

SOLUTIONS

EXERCISE - O
1. Ans. (A)
(0,0,0)
Equation of plane thro < (0,9,h) y
(1,0,h) $L0, 9.1
- @M pirgm
Lvector: (fi+hk)x(g j+hk) i
= fgk— fh j—hgi 5 >
g J—hgl 5 ; > X
- equation: - hg(x - 0) - fh(y - 0) + fg(z- 0)=0 ¥ M(f,0,h)
. X y z z
Divide b h: ———=+—=0
ivide by fg f g’ h
X ¥ Z_ y
f g h
2. Ans. (B)
Va

X (0,4q,0)

(0,0,4r) €

z
Let P(p, q,r) be centroid of tetrahedron.
We get 4, B, C as shown

.. coterminous edges of tetrahedron: 4pi ;4q ] ; 4rk
1 o 2 ~ 3
v:g[4p| 4qj 4rk]:64k

= pqr = 6k3
p— X

Replace q— Y xyz=6k’
r—z
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3. Ans. (B)
y
A
(9,8,5)
h=8-2=6
(1,2,3)
w
> X
A
(=9-1=8
h=8-2=6
w=5-3=2
4 Ans. (C)

M, =L, :r=2i +9]+13K+A(l +2]+3k)

Point A= A=(2+X,9+2XA,13+31)lieon L,
Lz:r=—3f+7i+PI2+p(—f+2i—3I2)
PointB=(-3-u,7+2u,P-3u)lieonlL,

Now, point A and point B are same (if possible)

Solve 2+A=-3-p&9+2A=7+2u = u=-2, A=-3
Satisfy 13+3A=P-3u = P=-2

= Point of intersection of lines= (2 + A, 9 + 2, 13 + 31)

=(-1,3,4)

OR

M2 H

"+ Ly & L, are not parallel = iflines are coplanar (lines will intersect)
5 2 13-P

lines coplanarif |1 2 3 |[=0=P=-2
-1 2 -3

= line intersectif P = -2

5. Ans. (C)

F=a+Ab+pc

where F=xi +yj+zk

Equation of plane given by [f b 6] = [é b C]
X y z1 [0 1 1
1 -1 1j=1 -1 1
2 -1.0 2 -1 0
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x(0+1)-y(0-2)+2z(-1+2)=0-1(0-2)+1(-1+2)

X+2y+z=3 (1)
-3
1 distance from (0, 0, 0) to (1) = |———
( Jtotl) ‘\/1+4+1
_ 2
2
6. Ans. (C)
X—1=y—2:2—3=x
1 2 3

General pointon line (1)= (1 + A, 2 + 2A, 3 + 31)
(A) above pointlies in plane x -2y +z =0
= line (1) liesinplane x-2y+z=0

B

B =%

XY 422
1 2
X_y_z
1 2 3

(C) Point (2, 3, 5) does not lie on (1)
(D) Dr'sofline<1,2,3>=</,m,n>(say)

and Dr's of normal of plane

X-2y+z-6=0<1,-2,1>=<f,,myn, >l l,+mmy+nn,=1-4+3=0

line is parallel to planex -2y +z-6 =0
7. Ans. (B)

P;, P, and P; pass through one line, if they here infinite solution.

Or {Normals of P, , P,, P; are coplanar}

Py
-1 ¢ b 1,
=|lc -1 al|=0 7,
b a -1
1 -c -b
=lc -1 al|=0 . P,
b a -1 ﬁ:
-1(1-a®*)-c(- c-ab) + b(ac+b) =0
a?+b%+c?+2abc =1
8. Ans. (B)
Equation of plane containing L, is given by
IM: a(x-2)+b(ly-1D)+c(z+1)=0 (1)
where, a-1+b-0+¢-2=0 = a+2c =0 -(2)
 Plane is parallel to L, : £, =3i + j+p(i+ j—k)
= a-1+b-1+c-(-1)=0 -(3)
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from equation (2) Puta = -2c in equation (3)
-2c+b-c=r=b=3c

Puta =-2c¢,b = 3¢ in equation (1)
M:-2c(x-2)+3c(y-D)+c(z +1)=0
-2x+4+3y-3+z+1=0
M:2x-3y-z-2=0

The distance of plane I1 from origin.

_ 2><0—3><O—0—2|:\/Z
Jaror1 | \7

9. Ans. (C)
"+ Point P & Q are fixed & R is variable & (F — p)x(F—G§)=0 possible when point R lie on line PQ
R(F)
P(p) 0(7)
= Locus of R is a line passing through the points P and Q.
10. Ans. (C)
X_Y_z
B3T3
X_Y_ 2
=173
clearly L, and L, intersect at (0, 0, 0)
directi tor of angle bisectors is given by & (2’3’5)+(1'2’3)
irection vector of angle bisectors is given by a= +
\/38 J14
L is a line perpendicular to L; and L, and passes through origin.
PJ oK
S Dr'sof L={2 3 5/ =(-1,-1,1)
1 2 3
*X_y_2z
11 -1
11. Ans. (A)
A, B, C are points on axes, centroid is (o, B,y)
So, coordinates of 4, B, C will be (3a,0),(3[3,0)(3y,0)
. . X 'y z
Now equation of plane willbe —+—=—+—=1
30 3B 3y
£+X+E:3
a By
www.allen.in [127]



ALLEN

JEE (Main + Advanced) : Mathematics

12.

13.

14.

Ans. (A)

3r, 4r, 51 be the point that cuts the two plane.

- forplane 1,2x + 6z-3y-12=0
=>6r+30r-12r-12=20

1
=>r==

2
for plane2,
2x-3y+6z+2=0
=6r-12r+30r+2=0

=>r=—
2

3,5
point of intersection at plane 1= P [E'Z'Ej

-3 -1 -5
oint of intersection at plane 2 = — =
P P Q(12 312

P = 3542
12

Ans. (B)

)

Consider a unit cube. OG direction is (1,0, 1) on x - z plane, when x - z plane is rotated about

z - axis by 90° it become y - z plane and the line becomes

OA (0,1,1)

.. angle between OA and OG be 6.
1 1

Zx2 2

- 0=60°

Ans. (B)

L1:X;1=yIZZZ;3

(3h+1, A+2, 21+3)

cosO=

=i

X-3 -1 z-2
B :yz "3
(u+3,2u+1,3u+2)

3A-p=2,A-2u=-1,21L-3u=-1
LA=1u=1

=n

Point of intersection of L, and L, is (4, 3, 5) so plane which passes through POl of L, and L, and at

a greatest distance from (0, 0, 0) is
4(x-4)+ 3(y-3) + 5(z-5) =0
4x+3y+5z=50

[128]
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15. Ans. (A,D)

AB =2
A
AC=B y
BC=+5
Area of AABC = ﬁ G B
J2
h
Volume = ﬁ-h: 3> h=\/€
2 AN1,0,1)
Vector perpendicular :co plane ABC is V3 J2 B(2,0,0)
i -] k
ACxBC=|-1 1 -1|=-i-2j-k (0,1,0)C NG
1 0 -1
16. Ans. (A,D)
Zf+2} +k P

Ly

/S _Q?+(2_B)]€

2x+2y+z+7=0

L,liesonP; = (2,2,1):(0,-a,2-B)=0
2(0)+2(-a) +1(2-B) =0
& point satisfy the plane 2a-a+7=0= |a=_—'7| M
Basically L; is || to Py as (1,-2,2) - (2,2,1) =0
minimum distance = perpendicular distance
200+0-B-7| 23
3 e

17. Ans. (A,B,C)

mid-point of AC & BD are same

=Dis(0,1,-3) D

— €(1,2,-1)
AB= (4,5,9)+A(1,1,2)

BC =(4,5,9) + (3,3, 10)

_X-4_y-5_12-9 (3,4,7)A B(4,5,9)

3 3 10
AB-BC = (1,1,2)-(3,3,10) # 0= not arectangle
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18. Ans. (A,C)
x =4cost,y =4sint,z =4sint
= y = z = locus must lies on a plane also satisfy x? + y? = 16 which is a cyclinder = exact locus
is intersection of y = z & x? + y? = 16 = locus in an ellipse

~

j—k y

459

/

>

Area of ellipse: area of ellipse is along vector (j— 12), area of circle is along vector (IE) . Projection

of vector area of ellipse on (12) is area of circle A cos 45° = 167

16T

19. Ans. (A,B,C)
(111)-(100)

Ve

angle between plane & x-axis, sina =

[130] www.allen.in
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(3,0,0)

32 32

(0,3,0) (0,0,3)

32
sin[3—i siny—i
BB

= equally inclined
= Y sin‘a=1
= > cos’ a=2

3 93

area: —-18 =>——
4 2
20. Ans. (B,C,D)

B+C drsof Lare 1,1, 1 L-bisects BC

L-makes equal angles with coordinate axes =

= L passes through mid point of BC i.e. = (3, 4, 6)
X-3 y-4 7-6
1 1

= Equationof Lis L :

Since A(A, 3, u) lieson L
A-3=3x4=p-6
=>A=2,u=5
=A=(235)
B=(-1,3,2)
C=(7,5,10)

— AB=-3i -3k

A_C:5f+2]+5I2 6i—6k

~

;
ABxAC=-3 0 -3 |
2

>
—»

Area of ABC = %|AB><AC|

=% /62+62 Jar top

ar(AABC) = 32
= L, is || to L, passing through origin.

=>Liix=y=z
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= Ll:XT_lz—zz—l

(-~ (1,1,1) satisfiesx =y =7)

ABx AC is

1* to plane

Now Let us solve.

Option (C)

The required plane contains L, and is || to vector 61 —6k

Th equation of L, is

X y z
6 0 —6[=0
1 1 1

=>6x-12y+6z=0
=>x-2y+z=0
21. Ans. (B,C)

Given lines X—2=YF1_Z jq X1 _y=3_ 2_1,
14 m n m n 14
1 (
Angle between lines is given by, cos@= % -(i)
£°4+m°+n

Now, ¢, m, n are the roots of x3 + x?-4x-4 =0
Thus,/+m+n=-1and (m+mn+/(n=-4

= (f+m+n) = +m?+n?+2(/m+mn+m)
= (1) =2 +m*+n?+2(-4)

= 2+m*+n®=9

So, cos0 = —i
9

4
. Acute angle between the lines is cos™ 5

22. Ans. (A,B)
X+6 y+10 z+14
T3 g =M (say)
General point on above line is (51 - 6, 31 - 10, 8A — 14).
LetB=(5A-6,31-10,8A-14)
Dr's of line AB are < (5A-6-7),(3A-10-2),(8A-14-4) >ie, <51 -13,31-12,81-18>
Also, dr's of line BC are <5, 3,8 >

Since angle between AB and BC is g

n |(5\—13)5+3(31—12)+8(8% —18)|
= COS—=
45?432 +82/(5A—13)* + (3 —12)° +(8h—18Y’

[132] www.allen.in
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1 |251+9A+641-65-36—144]
V2 \/98.[(5h—13)" +(31+12) + (81 —18)’

Solving above equation, we get A =3, 2
Hence, equation of line are

X=7 -2 1-4 X=7 -2 -4

2 :y—3= 6 M3 =y6 T2
23. Ans. (C)

Let L, intersect L; at Pthen P(2 + 40, A-1,1-1),A(2,-2,1)
direction vector of L,

=(4MA+1,-2)

-+ L, and plane 7 are perpendicular we get 1(4A) + (-1) (A + 1) +2(-A) =0
A=1—-P(6,0,0)

PA=4i+2]—k

equation of L, : 6f+a(4f+2i—|2)
aeR
Ly: ((4a+6)f+2aj—a|2)

24. Ans. (A)
0(0,0,0),4(2,-2,1)
m:x-y+2z=5
Li:(2+40) T+ —1)]+(1-1)K
For Q
2+40-(A-1)+2(1-01)=5
A=0
Q(2,-1,1)
for R
1-A=0->A1=1
R(6,0,0)

V= %[ﬁ 0Q OR]

" 2 =21
V=<2 -1 1j=1
6 0 0

25. Ans. (A,B,C)
dr's of line passing through P and Q = (x,y,z - 2)
dr's of z-axis = (0, 0, 1)

(x,¥,2—-2)-(0,0,1)

cosf=
\/xz +y2+(2-2)* 0% +0* +1

\/xz +y*+(z-2)* cosO=2-2
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(A)  if6=0,
x2+y2+(z-2)2 =(z- 2)?
x?2+vy2=0,zeR - x=y=0,zeR

.. Locus of P is z-axis

(B) if 0 =90°,
z = 2 is the locus of P
Q if 6 = 60°

\/xz +y: +(z-2Y =2(z-2)
x2+y2-3(z-2)2=0
is the locus of P
26. Ans. (AB,C)
(A)  x?+y%2-3(z-2)?=0
x+y+z=1->z-2=-1-x-y
x2+y2=3(@x +y + 1)

(- 02+ (y-0)2=6 [“y”j

N

PS=e PM — e:«/g>1
. hyperbola

(B) x?*+ y%2-3(z-2)??=0andx+y+z=2
x2+ y2=3(x + y)?
x2+y2+xy =0
pair of imaginary st. lines.

(O x*+y?-3(z-2)?and2x+y+z=2-52-2=-2x+Y)
x2+ y2=302x + y)?
11x% + 2y?+12xy = 0
Pair of straight lines

27. Ans. (1.41 or 1.42)
Given planesarey +z =0 (i)

A
x+z=0 ) D
x+y=0 ..(iii)
x+y+z=\/§ (iv)
Clearly planes (i), (ii) and (iii) meet at O(0, 0, 0) B
C

Let the tetrahedron be OABC 0(0, 0, 0) (0, 0, 3)
Let the equation to one of the pair of opposite edges OA and BC be

y+z=0,x+z=0 (1)
x+y=0x+y+z=0 -(2)
Equation (1) and (2) can be expressed in symmetrical form as
X+0 y-0 z-0

i -(3)

1 1 -1
and, x=0_y=0_z-\3 (4)
1 -1 0
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d.r. of OA and BC are (1,-1) and (1, - 1, 0)
Let PQ be the shortest distance between 0OA and BC having direction cosine (€, m,n)
P4+ m-n=0and?- m = 0 Solving (5) and (6), we get,

=k (say)

Also, #> + m?+ n® =1
sk +k?4+4k% =1
1
J6
f:i m:L n=i
NN AN
Shortest distance between OA and BC
i.e. PQ = The length of projection of OC on PQ
= (2= x1)? + (Yo-y1)m + (22— 21)n|
1 1 2
= O'E+O.%+\/§-ﬁ —\/E
28. Ans. (0.66 or 0.67)
Find the vertices, which are the planes intersections i.e.,
(mM)x+y=0;()y+z=0;(n3)z+x=0—->A4A(0,0,0)
(M)x+y=0;(n)y+z=0;(m4)x+y+2z-1=0->B(1,-1,1)
(M)x+y=0m)z+x=0(m)x+y+z-1=0->C(- 1,1,1)
(M)y+z=0(m)z+x=0;(m)x+y+z-1=0->D(1,1,- 1)
Thus, you have the tetrahedron edge vectors
AB=(1,-1,1); AC =(-1,1,1); AD=(1,1,-1)

The volume is given by the triple product

l
1

N E
NS

= k=

1 -1 1
v=1aB.(ACxaD) =11 1 1|=12H_2
6 6 6 3

1 1 -1

29. Ans. (D)
(A) Li:x=1+t,y=t,z=2-5¢t
x-1 y-0 z-2
1 1 -5

X-2 y-1 z+3

2 2 10
L, Passing through (x4,y;,2:)=(1,0, 2)
&Dr's<a,b,c>=<1,1,-5>
L, : passing through (x,, y,,2,) = (2, 1, - 3) and passing through (x5 ,y,,2,) =(2, 1, -3) and
Dr's<a’ ,b',c'>=<2,2,-10>
Here gz 3 =§ and L, passing through point (2, 1, -3) = L; & L, lines are coincident line
= infinite planes possible passing through both L, & L,

Lz:

-+ Lines are coincident = they intersect at infinite points
=R,S

www.allen.in [135]
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(B)

©

(D)

x-1 y-3 z-2

L =
2 2 !
X-2 y-6 1z+2
LZ: = = =
1 -1 3

Now Point on line L; = (1 + 24,3 + 24, 2 -A)
Pointonline L, = (2 +, 6 -y, -2 + 3)

1+20=2+u | 3+2h=6-p
~
solve

A =1 which satisfy the z co-ordinate
u=1 2-A=-2+3p

= L; & L, interest at point (3, 5, 1) and lines are not parallel

= lines lie in an unique plane. (Q)
Li:x=-6t,y=1+9t,z=-3t
Ly:x=1+2s,y=4-3s,z=s

Ly: Lzy__lzizt
-6 9 -3
2 -3 1

Ly & L, are parallel lines but not coincident
(. Point (0, 1, 0) does not lie on L,)

=[as]

X_y-1 z-2
I'1'1 2 3
L,: X=3 = y=2 I lines are not parallel.
—4 -3
XYl 172 po(a1420,2430)
1 2 3
Xx-3 y-2 z-1
= = =u=0Q=(3-4u,2-3u,1+2
T3 -5 cH=Q=B-w H)
=>A=3-4n & 1+2A=2-3p
solve
p=l1
Ar=—1
L2+30#1+2patA=-1
p=1
= L, & L, are skew lines
=|P,S

[136]
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30. Ans. (A-R; B—>Q; C-»P; D-S)
dr'sof Lyare (3-0,7-3,-1+2)
=(3,4,1)

-+ L1 passes through P
X _y-3 z+2
“hETR T
:>L2:X_1=y+3=2+1
1 0 1

(A) Let arbitary point K on L, be
K=1+r-3-1+7r)

PK 1, L,

:>[(1+r)f—6]+(1+r)l€}-[f+l2}=0

=2(1+r)=0 =>r=-1
=K =(0,-3,-2)
= PK=+0*+6"+0* =6

A(0,3,-2)

> 1 (3,4,1)=p
® (34.1)=p

B(1,-3,-1)
L,(1,0,1)=7

Shortest distance

(9] P=(0,3-2)Q=(37-1)

‘U
Q

X

i)

Py

Il

w

N
=R X

www.allen.in
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PQxPR=10i —2] -22k

Area of APQR= %‘% x ﬁ‘

= 1\/102 +2%422?
2
-73

(D) Normal to plane PQR is
PQxPR=10i —2]-22k
= Equation of PQR is
10x -2y -22z =k
=>5x-y-11z=k
= 5x-y-112 = 5(0)-3-11(-2)
=5x-y-112=19
1, distance from O to PQR is

19) 19

J52 1121112 147

EXERCISE - S
1 Ans. (3)
A(—l,P,—Z) » (_321)
M‘
’\ 7) (1P _3P2)
=h

For the lines to be in same plane, AB, 3,b should be is same plane
= [E a 5] =0
1 7-P -5
=|-3 2 1(=0
1 -3 2
=7+(7-P)(7)+(-5)(7)=0
=21=7p
=>P=3
2. Ans. (17)

PQ=4f +2]+2K
=2(2f+ ]+I2)

normal of plane is proportional to @
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La=2,b=1c=1

mid-point of PQ will lie on the plane
M (?J:(B,BA)

M satisfy plane

2x+y+z=d

S 303)+3(1)+4(1) =d

d=13
a+b+c+d=>2+1+1+13

=17
3. Ans. (6)

Let the line through origin is %
=>x=Az,y =uz
x—-1 _ X I+ 1
1 2 2
To find point of intersection of line (1) and line

A-1 pz_ z+1

we have
1 2 2
3 1
=17= =
22-1 u-1
= -2A+3u=2

To find point of intersection of line (1) and line g

we have Ezpz—l =£
2 3 1

=>A =2
Solving (3) and (5), A=2 andpn =2
nz=1,x=2,y=2forpoint4
andz=-1,x =-2,y =-2 for point B
S AB* =47 +47 +2° =36
L AB =6

4. Ans. (9)
Let the variable point be P(x, y, z)

given, \/(x—l)z +(y—1)2 +(z—1)2 =2./y*+ 7
oox%-3y%-322-2x-2y-22+3 =0
/11 = 3,/12 = 3,/13 =3

(least & natural number)

(1)

(2)

(3)
(%)

.(5)

www.allen.in
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5. Ans. (6)

x-1 y-2 z-3
Equation of planeis | 2 3 4 (=0
3 4 5
x-2y+z=0 (1)
Ax-2y+z=d -(2)
2 =%: A=1

Compare A—_
P 1 -2

Distance between planes is

d
N1+1+4
=|d| =6
6. Ans. (3)
If A = -7, then planes will be parallel & distance

between them will be =k=3

3

J633
But if A # -7, then planes will be intersecting & distance between them will be 0.

7. Ans. (4.50)

x-1 y+1 z-1

3 4
And any point on X%:yT—k =% =Sis (s+3,25+k,s)
Given lines are intersecting.

Any point on

=t is (2t+1,3t-1,4t+1)

:>t=—% and s=-5

k==
2

8. Ans. (3.50)
2x+y+2z-8=0 ..(P)

5
2x +y+2z+ E=0 v (P)

5
_g-= ;
Distance between P; and P, = 2 |7
22 +12 427 2
9. Ans. (4.00)
5 7 17 A(1,03)

DR of BP = <——a,=—-7,—-1>
3 3 3

D.Rof AP = <§—1,Z—0,1—7—3>
3 3 3

BP 1" AP 3(§_aj.2+(_ﬂj.z+ﬂ.§:0 /p(E’Z’E)
3 3 3/3 3 3 3'3° 3

= o =4 B(a,7,1)
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10. Ans. (2.44 or 2.45)
Let the line through origin is X_¥_ 2
Aopo 1
=>x=Az,y = uz (1)
To find point of intersection of line (1) and line X2 -y _21 -z I ! -(2)
we have XZ—Zzuzgl =z+1
3 -1
=2>I=——=——
A-=1 p+2
=>A+3u+5=0 -(3)
8
To find point of intersection of line (1) and line 5 3 _ y+13 _z Il we(4)
8
AZ——
we have 3=HZ+3=Z_1
-1 1
2 -2
=>7=—" ==
3(A-2) p+1
=3A+u=5 ..(5)
: 5 5
Solving (3) and (5), A =3 and HZ_E
n.z=2,x=05,y=-5forpoint P
4 10 10
and z=—, x=—, y=— for point
3 3 Y= forpointQ
- PQ? 4,252
9 9 9
EXERCISE - JEE (Main) PYQ
1. Ans. (2)
, Xx-b y z-d
Linex =ay+b,z=cy+d= ===
a 1 c
Linex =adz+b,y=cz+d
N X—Db _ y—d _z
a' c' 1
Given both the lines are perpendicular.
=aa' +c'+c=0
2. Ans. (2)
equation of bisector of angle
2X—-Yy+22-4 _y X+2y+22-2
3 B 3
(+) givesx —3y =2
(-)gives3x+y+4z=6
therefore option (ii) satisfy
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3. Ans. (4.00)
JA(1,0,3)

P (5/3,7/3,17/3)

B(a,7,1)
D.R. of BP = <E—a,z—7,£—1>
3 3 3
D.R. of AP = <§—1,Z—0,£—3>
3 3 3
BP 1r AP
=a=4
4. Ans. (2)
6 15 -3
3 -1 1
-3 2 4
Shortest distance = = 270
J36+225+9 /270
=270 =330
5. Ans. (1)

For planes to intersect on a line

= there should be infinite solution of the given system of equations

for infinite solutions

1 4 -2
A=1 7 -5=0=30+9=0=>a=-3
1 5 a
1 4 1
A,=1 7 B=0=13-f=0=>p=13
1 55

Also forao=-3andB=13A,=4,=0
La+pB=-3+13=10
6. Ans. (3)
Point C is
(2k—3 4k -6 —3k+1j

k+1 k+1" k+1
Xx-1 y+4 z+2
-1 2 3
Plane lx + my + nz =0

[142]
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(D) +m2)+n3)=0
—1+2m+3n=0

It also satisfy point (1, —4, —2)
l—4m—-2n=0

Solving (1) and (2)
2Zm+3n=4m+ 2n

n=2m

[:m:n=8:1:2
Planeis8x +y +2z =20
It will satisfy point C

8(2k—3j+(4k—6j+2(—3k+1J=0
k+1 k+1 k+1
16k —24+4k—-6—-6k+2=0
14k = 28
k=2
7. Ans. (28)
P(4,-3,1)

{ M(3,0,L2)

Q(2,3,-5)

Planeis 1(x —3) - 3(y—0)+3(z+2) =0

x—3y+3z+3=0

(a? + b% + c? + d*)min = 28
8. Ans. (2)

Pi:x+5y+7z=3,

Py:x—3y—z=5

P3x+5y+7Z:§

so P; and P; are parallel.
9. Ans. (4)
(1+21)+2-3A+3-6A=5

=6-7L=5 :>}\.=%

(1)
(2)

B(2,4,-3)
A(-3,-6,1

A(1,-2,3)

F=(1,-2,3)+2(2,3-6)

(1+21,-2+343-64)
xX—y+z=5

www.allen.in
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10. Ans. (4)
Required equation of plane
P +AP, =0

x—y—z—-1)+A12x+y—3z+4)=0
A+2)x+ (-1+ADy+(-1-3D)z+(-1+41) =0

Given that its dist. From origin is £
\21
Thus 42— 1] = 2

J2 112 +O—1 +(3n-17 21
—21(41—-1)" =2(14)% +81+3)
—3360> —1681+21=28\> +161+6
—308)\% —1841+15=0
— 308)% —154L—30A+15=0
= (20 -1)(1541-15)=0

for A =% reqd. plane is

4x—y—5z+2=0
11. Ans. (84)

ABA+7,-2+1,1—2)

d B(2u,3u+7,1)

DR’s of AB
(Br-2u+7,-A-3u—6,A—n-2)
3L -2u+7 —-A-3u-6 A-—p-2

1 —4 2
Taking first (2) —12A+8u—-28=-A—-3u—-6
A—pn+2=0
Taking second & third
—2Ah—6pu—-12=—4A+4n+8
A—-5u—-10=0
After solving above two equation A =-5,u=-3
A=(-8,6,-7)

B =(=6,—2,-3)
(AB)2 =4+ 64 + 16 = 84
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12. Ans. (1)
Let equation of rotated plane be :
2x+3y+z+20)+A(x—3y+5z2—-8)=0
R+MDx+B-3)y+(1+51)z+20-81=0
Above plane is perpendicularto 2x + 3y +z+ 20 =0
So,(2+24).2+(B3-31).3+(1+51).1=0=2>1=7
= Equation of rotated plane: x — 2y +4z—-4 =0

Mirror image of A(Z,;,Z) in rotated plane is B(a, b, ¢)

X-2 y+1/2 z-2
-2 4

Let coordinate of B be (2 + k, _71—2k , 2 + 4k) midpoint of AB is (2+§, _71— k,2+2kj which will

Equation of AB : =k

lieon the planex — 2y +4z—-4 =0

Hence k=_—2
3
Therefore B is f’E,__ZjE §.E,_—4
36 3 6 6 6
s, 3-D_¢
8 5 -4
13. Ans. (1)
l+m—-—n=0
32+m?+cl(l+m) =0
n=I1>l+m

32 +m?>+cl?+clm=0
B+l +clm+m?=0

(3+c)(ﬂ+c(#j+1=0 (1)

- lies are parallel.
Roots of (1) must be equal
=D=0
c2—4(3+0c)=0
c2—4c—-12=0
(c=6)(c+2)=0
c=6 orc=-2
+ve value ofc = 6
14. Ans. (1)
Equation of plane passing through the intersection of planes
5x+8y+13z—29=0and8x—7y+z—20=0is

5X+8Y+32-29+A(8x-7y+2-20)=0 (i)
if it is passing through (2,1,3) then A =%

www.allen.in [145]



ALLEN

JEE (Main + Advanced) : Mathematics

15.

16.

and if it is passing through (0,1,2) then A :%

5x+8y+32—29+%(8x—7y+z—20)=0

= 2X—-y+2=6

Similarly, P, : Equation of plane through intersection of

5x +8y +13z—29 =0and 8x — 7y + z — 20 = 0 and the point (0,1,2) is
= X+y+2z=5

4 3 i
Angle between planes =6 =cos [W]—E
Ans. (2)
i ] ok
n=la b 0
a b c
= bci —acj

Direction ratios of line are b,-a, 0
Direction ratios of normal of the plane are 0, 1, - 1

cos60° = 2 :l
V2| b? +a? | 2
NS R
Jai+pr | V2
=>b=+a
So, D.R's can be (a,-a, 0)
.. D.Cscan be i[i—l, —i, Oj
V2" 2
Ans. (4)
Given, Ll:X_lz y-2_z-3
1 2
and I_Z:x+26:y+18:z+28
-2 3 A
are coplanar
27 20 31
=IA 1 2|=0
-2 3 A
=>A=3
Now, normal of plane P, which contains L; and L,
i ]k
=3 1 2
-2 3 3

=-31-13]+11K

[146]
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= Equation of required plane P :
3x—-1)+13(y—2)—-11(z-3) =0
3x+13y—11z+4 =0

(0, 4, 5) does not lie on plane P.

17. Ans. (2)
h—cos® k-sin® w-0
2 3 1 y
_ —1(2cos0+3sin0-6)
14 (h, k,w)
h=c059+—2(2c059+3sin9—6) o
14
_10cos®—6sin@+12 (cosb, sind, 0)

14
. 3 :
k =sm9—ﬁ(2c059+351n9—6)

_ 5sin0—-6cos0+18
- 14
Elementary sin6 and cos©
(5h+6k —12)* +4(3h+5k -9)* =1
18. Ans. (4)
A(2,3,9);B(5,2,1);C(1,A,8); D(A, 2, 3)

[AB AC AD]:O

k

3 -1 -8
-1 A-3-1|=0
A-2 -1 -6

= 3[-6(A-3)-1]+ (6+ (L -2)-8(1 -(A-3) (A-2))=0
3(-6 L+17)+ (A +4) -8(-L2+5X-5)=0
812-57A+95=0

7»1%229—5
8

19. Ans. (28)
P :r.(2i+ j—3K)=4
Pi:2x+y—3z=4

Pl x-2 y+3 z-2
0 1 -5 |=0
-1 -1 0

= -5X+5y+z+23=0

Let a, b, c be the d’rs of line of intersection
16A 13A 151

Then a= ; b= ; C=
15 15 15

s a=13;p=15
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20. Ans. (2)

X=2 y+1 z-2

"3 2 0
l_x—1=y+3/2=z+5

1 a/2 2

x=1 y-1/2 z-0
3 2 4
Llb=aia;, +bby+cic; =0

ll

l

3

= 3-1—2><%+0><2=0

=>a=3
angle between I, & I3
e:|1><(—3)+(—2)((1/2)+2><4-|

2
,/1+4+(Z\/9+16+4

|-3—a+8|

(12
5+Z\/ﬁ

putoa =3

Ccos

cosO=

cosez#:i

%\/ﬁ 29

0=cos™" (iJ = O=sec! [QJ
29 4

21. Ans. (3)
Equation of line
Xx-4 y-5 z-8

4-1 5-(-7) 8-5 P(1,-23)
Xx—4 y-5 z-8
3 12 3
Let point N(3A + 4,121 + 5,3A + 8)
PN =(3A+4—1) +(12A+5—-(-2))] + (3L +8-3)K .
PN =(31+3)f +(120+7) ] +(3h +5)K N 458)  (1,-75)

And parallel vector to line (say a=3i +12]+ 3k )

Now, m-ézo
(3L +3)3+ (121 +7)12 + (34 +5)3=0
1620 +108=0=7 = —108_—2

162 3

So, point N is (2, -3, 6)
2(2)-2(-3)+6+5| _-

Ja+4+1 |

Now distance is =
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Three Dimensional Geometry ALLEN

22. Ans. (4)

= X

Direction ratio of line =|1
0

W N e

-1

=i(-5)- j(-1)+k@3)

M (-5A+3, A +2,3A+1)
PM L(=5i + ] +3K)

—5(-5A+2)+(A=7)+3(31L—6)=0 —> (-5.1,3)
=250 +A+91-10-7-18=0 M x-3 y-2 z-1 —
=r=1 - 1 3
Point M = (-2, 3,4) = (o, B, V)
o+B+y=5
23. Ans. (4)
Equation of OP is X_¥y_z
3 4 5
a;=(0,0,0) a,=(3,0,5)
b;=(3,4,5) b, =(0,0,1)

Equation of edge parallel to z axis
Xx-3 y-0 z-5

0 0 1
52—51 . B1><62
5 po (Ba)(Bxb)
b1 xb.
3 05
3 45
00 1 3(4) 12
ik 4?-3]‘ 5
3435
0 01
24. Ans. (4)
Line [, is given by
X=2_y-6_2-2 M

L,
2 1 -2 2,60
Given, /AQ/
.x+1_y+4_£
"2 3 2
. \

Shortest distance =
MN

www.allen.in [149]



ALLEN

JEE (Main + Advanced) : Mathematics

AB=3{ +10]+2K

I
MN=[2 1 -2/=-4i-8j-8k
2 -3 2

MN =+/16+64+64 =12

-12-80-16
12

.. Shortest distance =

-

.. Option (4) is correct.
25. Ans. (288)
A(-6,0,0) B(0,-2,0) C=(0,0,3)
AB = 6-2], BC =2j+3k, AC = 6i +3K

AH-BC=0

(a+6,ﬁ,gj.(o,2,3)=o

-9
=7

CH-AB=0
((x, B,_—;Sj-(6,—2,0):0
60.-2B=0

-3

o=—

7

98(au+p)’ :(98)%:288

26. Ans. (315)
P =r-(3i-5j+k)=7

P2=F-()ﬁ+j—3k)=9
6=sin"{¥}

26

=sinf=——

.'.cosezl-
5

=l
=l

lal
(3i-5j+K)(ri+j-3K)

35 +10

cosO=

|
|

—
—

A

B(0,-2,0)

€(0,0,3)

[150]
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27.

28.

1| 3.8
5 |\V35-4A%+10

1 9A\*+64-48)\
Square »> —=———
25 35(x2+10)
=190*-120A+125=0
= 190% —95L—25A+125=0

= Xx=5—
19

Perpendicular distance of point
(38%,,102,,2)=(50,50,2) from plane P
_|3x50-5x50+2-7| 105

V35 V35

Square :% =315

Ans. (9)

cosO=

0=m/3 a=7n/6
(tan2 9)(cot2 (x)

(3)(3)=9
Ans. (158)

I ] K
1 3 -2/=4i-4]-4k
1 -1 2

-2 y-3 z-1
-1 -1
Let Q be (5, 3, 8) and foot of L from Q on this line be R.
Now, R=(k+2,—k+3,-k+1)
DRof QR are (k- 3,- k,-k-7)

(1) (k=3)+(-1)(-k)+(-1)(-k=7)=0

. .. X
.. Equation of line is

26

www.allen.in
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29. Ans. (1)
P: 8x+o,y+a,z+12=0
L X+2 _ y-3 _ z+4
2 3 5
.+ Pisparallel to L
=8(2)+0,(3)+5(a,)=0
=3a, +5(a,)=-16

Also, y-intercept of plane P is 1

=>ao,=-12

And a,=4

= Equation of plane P is 2x-3y+2+3=0

= Distance of line L from Plane P is

0-3(6)+1+3

J4+9+1

=14

30. Ans. (1)
P=P +\P,=0
2+M)x+B+20)y+Br-1)z-2-61=0
Plane P is perpendicular to P; .. n.N, =0

2A+2)+(2A+3)-(31-1)=0
L=-8
P=-6x-13y-252z+46 =0
6x + 13y +25z2-46 =0
Dist. from (-7,1, 1)
~42+13+25-46| 50
d: =
J36+169+625 | /830
42 - 50%50 _250
830 83
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1. Ans. (D)
oc—2t+2_[3+t+1_y—3t_k
1 1 1
a=k+2t-2
B=k-t-1 2t —2,—t — 1,3t
y=k+3t
a+pP+y=3
k:6—4t
3 +y+z=3
_ xrty =
PO e P Y a B,y
3 3
g6y 37Tt
3 3
y=6_4t+3t=5t+6
3 3
_ 3o _3p-3_3y-6
2 -7 5
x_y-1_z-2
2 -7 5

2. Ans. (B,D)
li:r=(3,-1,4)+(1,2,2)t

(i F=(3,32)+(22 1)s

vector perpendicular to /; and /5 :

=2 +3] -2k

=N X

i
12
2 2

.. Equation of line ¢ :
F=0+(=2,3,-2)\

Point of intersection of /; and / :

3+t=-2)\
-1+ 2t =3A.
4+ 2t =-2\.

On solvingwe get A =-1,t =-1

.. Point of intersection of /; & ¢ : P(2,-3, 2)
A point on /, at distance of J17 from P

= (1 + 25)2 + (6 + 2s)® + s2=17

= S= —1—90; s=-2

for above s, point will be (B), (D)
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3. Ans. (A,D)

for lines to be coplanar
5-a 0 0
0 3-a -2|=0
0 -1 2-a

=>06G-0)(3-0)(2-0)-2)=0=>(5-a)(2-5a+4)=0

=>a=14>5
4. Ans. (A)

For point of intersection of L, and L,

2 +1=p+4

-A=H-3 = p=1= point of intersection is (5, -2, -1)

A—3=2u-3

P] ok
Now, vector normal to the planeis i, xn,={7 1 2
3 5 -6
= —16(1 —3]—2K)
Let equation of required planebe x - 3y - 2z =«
*.* it passes through (5, -2, -1)
.. a=13 = equation of planeisx - 3y - 2z=13
5. Ans. (C)
Line L, givenbyy = x; z =1 can be expressed as
Xy z-1

11 0
Similarly, L,(y = -Xx; z=-1) can be expressed as
e

Q4 A1)

Let any point Q(a,0,1) on L; and R(B,-,-1) on L,
Given that PQ is perpendicular to L,
S>A-)l+A-a)l+(A-1).0=0=>A=qa

.'_. Q[k,k,l) . _ P (1 4, 2) R(0,0,-1)
Similarly, PR is perpendicular to L,

A-B1+A+BD+A+1).0=0=p=0

.. R(0,0,-1)

Now as given

= PR.PQ=0

OA+0A+(A-1)(A+1)=0

A #1as P & Q are different points => A = -1
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6. Ans. (B,D)
LetP;: (x+z-1)+Ay =0
x+Ay+z-1=0
distance of (0,1,0) from P; is 1

A-1
:>| |=1::>(7»—1V=2+?&::>X=—1
V2402 2
SoPyis2x-y+2z-2=0
distance from (o.,f3,y) is &JL_ZY_Z‘ =2
9

S20-P+2y-2=60r20-P+2y-2=-6
200-P+2y-8=0o0r2a-P+2y+4=0
7. Ans. (A,B)

(D)

Straight line 'L’ is parallel to line of intersection of plane P & plane P,.

.. Equation of line 'L' is
X_Y_Z_y

1 3 -5

a—A B+3L y+5%
1 2 -1
a=kK+A

B=2k -3

y=—-k -5\

k

satisfying in plane P;
k+h+4k-61+k+51L+1=0
6k =-1

putting in (1) required locus is

x=—l+x
6
1
=—=-3L
y 3
z=1—5x
6

Now check the options.

8. Ans. (B,C,D)
Given OP = OR = 3 and OPQR is a square
— 00=3y2 = OT=—~ and ST =3

N

using ASOT, tanezi—\/f = O=tan'2

oT

clearly, equation of plane containing triangle 0QSisY - X =0

(%,-3%,-51)
~ I\

f+2}'fk

(1)

Fix+2y—-z+1=0

(3.23)
2’2

R(0,3,0
030,

P(3,0,0) eE3.0)

y
X

<&

www.allen.in
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Also, length of perpendicular from P to the plane containing the triangle 0QS is PT = %

Also equation of RS is F:Sj+t(%f—% j+3|2j

= ﬁ, 3—§,3t
2 2

Let co-ordinates of M :[%, 3—%,3t)

10(0,0,0)

> OM.RS =0

SN]SO NLY S N R(0,3,0) o3

E S

4

9. Ans. (C)
x-3 y-1 z-

11
= F(3+A,1-A, A+ 7)lies in the plane
L3+A-(1-A)+A+7=3
BA=-6=>A=-2
= F(1,3,5) = P(-1,5,3)

x-0 y-0 z-0

so required planeis | 1 2 1 |=0 /
-1 5 3 o
Lx-4y + 7z2=0 f,}\

Line AP : 7 A A(3,1,7)

x—y+z=3

10.  Ans. (A) s
The normal vector of required plane is parallel to vector
]k
=2 1 -2/=-14i-2j-15k
3 -6 -2

.. The equation of required plane passing through (1, 1, 1) will be
-14(x-1)- 2(y-1)-15(z-1)=0
= |14x+2y+152=31|

.. Option (A) is correct

11. Ans. (C,D)
D. C. of line of intersection (a, b, )
=2a+b-c=0
a+2b+c=0

a b ¢
1+2 -1-2 4-1
- D.C.is(1,-1,1)
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3x—4 1-3y z

B —
(B) 9 9 3
N x—4/3=y—1/3=5
3 -3 3

= lines are parallel.

(C) Acute angle between P; and P, = cos™’ 2x1+1x2-1x 1j
V66

=cos™’ (éj =cos! (1j =60°
6 2

(D) Planeisgivenby (x-4)- (y-2) + (z+2)=0
=>x-y +z=0

2-1+1 2
Distance of (2, 1, 1) from plane = \/57 :ﬁ
12. Ans. (8)
Let P(a, B,Y)
Q(0,0,7) &
R(o, B, -7)
Now, PQ||i+] = (ai+pj)ll(i+]) = a=p

p

Also, mid point of PQ lies on the plane = %+E=3 > a+P=6=>0a=3

Now, distance of point P from X-axis is /B> +y*> =5
= BP+y*=25 = y*=16
asP=a=3
asy=4
Hence, PR =2y=8
13. Ans. (0.5)

= (101 1) 1. o
p‘sp‘(z"z"i =3(i-i-¢) z
g-so=| L1 1)\ 1 5 ¢
q_SQ_( 2’2’ 2) ARRRRL R
= (1 11 1/, . o
e (1 11} 1. ~,
r=sR ( 2’ 2’2) 2(' j+K) [s. 1
T oT 1 1 1 1 o 2 - e S
t_ST_(E'E'Ej_E(HHk) . y
| k PJ ok P
I(pxq‘)x(rxf)|:% 1 -1 _1x%_1 11 x
101 -1 111
——|(2f +2])x(-2f +2])| = g‘:%
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14.  Ans.(AB)D)
Points on L, and L, are respectively A(1 - A, 2A, 2A) and B(2y, -y, 21)
So, AB=(2p+A—1)i +(~p—21) ] +(2u—20)K
and vector along their shortest distance = 2i + 2 — K.

2p4A-1_—p-20 _2u-24 . 1. a2
2 -1 9 9

Hence, A= §,3,§ and B= i,_E,i
9 99

= Mid point of AB = (g ,%j

Hence,

15. Ans. (0.75)
A(1,0,0), B(— = OJ&C(l 1 lj
22 333

Hence, AB——1|+—j & AC=- lj lkA
2 3° 3
1

11 2 1
So, A==|ABx AC / e
© ‘ ‘ 27374 22203

= (6A) =% =0.75

UJIN

16. Ans. (A,B)
Point of intersection of L; & L, is (1, 0, 1)
Line L passes through (1, 0, 1)
1-a 1 1-y
— T —— T e— en 1
1 m -2 (1)
acute angle bisector of L; & L,
- }{l —J+3k-3I —J+kJ

J11
-2

o ~ ~ 2 ~ f
|+k+t(| +j—2k):> I:?z—z = (=m=1

r

1-
From (1) Taz—l = a=2

1-v
- 1 = y=-1
17. Ans. (A,B,C)
R is mid point of PQ
. R(2,1,-1) and it lies on plane
equation of plane is aa + By +yz =90
S 200+B—-vy=3 (1)
Normal vector to plane is
Nn=2i+2j

p

P_¥_x
2

N R
o=
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sa=2k, B=2k, y=0 -(2)

and o + 7 =1 (given) ~(3) P@,0,-1)
from (2) and (3)
Loa=1,B=1y=0
and from (1) |
2(1)+1-0=38
=3
Now : ‘
oa+p=2
d-vy=3
d+P=4
so, A,B,C are correct.

18. Ans. (1.00)

19. Ans. (1.50)
Sol. 18 & 19
7x+8y+9z-(y-1)=A(4x+5y+6z-B)+B(x+2y+3z-0a)
x:7=4A+B
y:8=54+2B
A=2,B=-1
const.term:-(y-1)=-AB-aB=-(y -1)=2B+a
a—2B+y=1

P(3,2,-1)

o 2 v
M=B 1 0|=|M|ma-2B+y=1
-1 0 1

PlaneP:x-2y+z=1

Perpendicular distance =‘i‘ =P = D=P? :2 =15
J6 6
20. Ans.(AB,D)
line of intersection is X y—_4 _z
0 -4 5

(1) Any skew line with the line of intersection of given planes can be edge of tetrahedron.
(2) any intersecting line with line of intersection of given planes must lie either in plane P; or P,
can be edge of tetrahedron.
21. Ans. (A)
DR'Sof0G=1,1,1
DR'Sof AF =-1,1,1
DR'Sof CE=1,1,-1
DR'Sof BD=1,-1,1

Equation of 0G = %:%

N
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Equation of AB = Xle_—y1=é 50.L10) E(1,1,0)
Normal to both the line’s F(0,1,1) ¢@LL

i J Kk
1 1 1=f+j-2K

1 -1 0 o) A(1,0,0)
OA=i €(0,0,1) D(1,0,1)

~ ‘I (I+j—212)‘_ 1

O TR

22. Ans. (45)

= AUVW is an equilateral A

Now distances of U, V, W from P :%

7
= PQ=—
Q 2

Also, Distance of plane P from origin
=00 =4

L OP=0Q-PQ= op:%

Hence, PU =4/OU%*-0P? = PU =§=R

Also, for AUVW, P is circumcenter

.. for AUVW : US = Rcos 30°

= UV = 2Rco0s30° = UV =%

2

. Ar(AUVW)=§(3) =% g T

*. Volume of tetrahedron with coterminous edges U, V,w U 30 %4

19\/_1 33

=—(ArAUVW) KOP==x = y= = N2
3" 16 2 32

.. parallelopiped with coterminous edges
u,v,w 6><—3\/§ =—9\/§ =

T 3 T 16

- By _ss

NG
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23. Ans. (B)
L:f =k(f+ ]+I€)

I

L, =j—K+p(i+k)
Let system of planes are

ax+by+cz=0 (1)

-+ [t contain L

La+b+c=0 (2)

For largest possible distance between plane (1) and L, the line L, must be parallel to plane (1)
La+c=0 ..(3)

=[b=0]

.. Plane Hy : m

Now d(H,) = L distance from point (0, 1, -1) on L, to plane.
—d(H,)= 0+1] 1

AR

. P—5
. 2
for 'Q' distance = |— :\/5
A

Qo4

.. (0, 0,0) lies on plane

SR>3
for'Sx=z;y=z;x=1

.. point of intersection p(1, 1, 1).
L OP=1+1+1=13

LS5 2

.. option [B] is correct.

JEE (Main) Practice Paper

SECTION-A
1. Ans. (1)
n=-(F+m) -(1)
2mn+2ml-nl =0 -(2)
2mf+m)+2mb+(E+m)f =0
=>-2ml-2m? +2mf + €2 +mf =0 = 2+ mf-2m?>=0= %zl, -2

Case-I: We have %zl =>f¢{=mSo,n=-2¢ So m:n=1:1:-2.

1 -2 1 1 2

1
FEE" T T

Case-II: We have £=—2 >f¢=-2m=2>fmn=-2:1:1
m

= direction cosines are

. . : -2
Hence direction cosines are —,
6

1

)

6

-
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2. Ans. (2)
(x,y,0) divides line segment joining (3, 2,5) and (- 2, 3,-5) in the ratio 1 : 1 internally.
3-2 1 2+3 5
:)X:—:—’ y:_:_lZ:O
2 2 2 2

3. Ans. (4)
v F =21 ] +4Kk+ A0 + ] -2K)
Let (Xi +yj+ zIZ) be a point lying on the line
Ay = T(240)+ J(A-1)+K(4-20) > x—2 =Ly +1=1;

X-2 y+1 z-4
1 -2

~ equation of line is

4, Ans. (1)

x-1 y-2 z-3
2 3

= (2r + 1,3r + 2,4r + 3) represents any point on (1)

x;4: y;lzzIO (2)

To find point of intersection of (1) and (2)

2r+1—4:3r+2—1=4r+3: 2r-3 _3r+1_4r+3

5 2 1 5 2 1
=24r—-6=15r+5=1lr=-11=r=-1
=~ point of intersection of (1) and (2) is (-1,-1,-1)

=1 (Let) (1)

F=0+]-K)+A3 -] (1)
F =(41 -K)+u(2i +3K) -(2)
For their point of intersection

31+1=4+2u=31-2u-3=0 -(3)
1-1=0=1=1 -(4)

and-1=-14+3u=u=0
.. point of intersection is (4,0,- 1)
.. required distance = \[(4+1)° +1+0 = v25+1 =+/26

5. Ans. (1)
P (mid — point of AB)is (1, 2,2)

v dr'sof OPare: 1,2,2and dr’'s of AB are : 20,-4,-6 0;(0’0’0)

v 1x204+2%X(-4)+2x(—6)=20-12-8=0 :

~OP L AB — .

As the midpoint of (0,0,0)and (2,4,4)is (1,2,2) so the (_‘% 4,5) P (11,0,—1)

distance = \1+2%+2* =3
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6. Ans. (3)
Any point on the given line is (2r + 3,7 + 3,7)
Dr’s of new lineare=2r + 3,r + 3,r y
sl A2+ +1r+3)+1r (0,0,0)
3 J6 \J(@r+37+(r+3) +r’
Solving above we getr = —1, -2 7/3 21,1
Dr'sare1,2,-1or-1,1,—2 X > X
- L XY _Z X_Y_¢ 2r+3,r+3,1) x—3:uzz
Equation of the lineis —===— or —===— ’ ’ 2 1 1
1 2 -1 -1 1 -2
7. Ans. (2)
(a,b,c)
-@
(0,000 (r,7r,1)
X=y=z=r
r—-a)l+@-b)1+(@T—-c)1=0
a+b+c=3r
8. Ans. (3)
opo U-+2K-4i+]) - [(+2]-3K)x(2 +4]-5K)] _|(- 3i+2k) . @2-])| _ 6
(F+2]-3K)x(2f +4]-5K) | 121 - ] |5
9. Ans. (1)

Let the co-ordinates of A be (344 3,8-4,1+ 3)
and the co-ordinates of B be (—3u — 3,2u — 7,4u + 6).

Then direction ratios of AB are 31 +3u+6,—4—2u+ 15,A—4u—3AB L L; so
334+3u+6)—(—A2—-2u+15)+(A—-4p-3)=0

ie. 111+ 7u =0

andAB L L, so—3(3BA+3u+6)+2(—A-2u+15)+4(1—-4u—-3)=0
ie.=71—-29u =0

= A=u=0

so, the point A4 is (3,8,3) and the point B is (—3,—7,6)

~ AB =+/36+225+9 =270 = 330

10. Ans. (4)
X y-1 z
0 1 -1=0=x(-3-1)—(y-1)(0-1)+2(1)=0
-1 -1 -3

-4x+y-1+z=0 = 4x-y-z+1=0
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11. Ans. (1)
Let point is (o, B, 7)

2 2 2
M\/%”I +|°‘J§V| 4 “‘jE”I =9 = 2a+Pry) +3(a—7) +(0—2B+y) =54
6a” +6B> +6y> =54 = Locusisx? + y2 +z2 =9
12. Ans. (4)
(0,0,0)
[ ]

)
(4,-2,-5)

Equation of plane is

{r-(4i“-zj-512)} : {4?-2j-51€}:0
> {4i“-zj-5|2}=45

13. Ans. (2)
~ 3.1—2.4+5x%x1=0,line is parallel to the plane
-~ reflection of line will also have same direction ratios i.e. 3,4, 5
Also mirror image of (1,2,3) will be on required line.
x-1 _y-2 z-3 _ 1-44+3-6
1 -2 1 (12 +12 +(=2)°

J: (x,y,2) =(3,-2,5)

- ) -
-~ equation of straight line X33 _yr2 25

4 5
14. Ans. (3)
X y z :
2_2_° -
2 35 )
X y z .
2_2_° (i
1 2 3 (i)
é+6_zf+3j+5|2+f+zj+3|2
J38 J14
Option (1) and (2) will be incorrect
Let the dr’s of line L to (1) and (2) be a, b, c 74\3,{?
=2a+3b+5c=0 ..(ili) and
a+2b+3c=0 -(iv)
a b c a b c a b ¢

o = = = — =—=— = —=—=—

9-10 5-6 4-3 -1 -1 1 1 1 -1

-~ equation of line passing through (0, 0,0) and is L r to the lines (1) and (2) is

L
1

1 -1
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15. Ans. (4)
Let the equation to one of the pair of opposite edges p A
0A and BC be 0(0,0,0
y+z=0,x+z=0 (1)
and

x+y:0,x+y+Z=\/§a -(2) C\%'\
equation (1) and (2) can be expressed in symmetrical form as (0 0 \/_a) B
x-0 y-0_ z-0
1 1 -1
x-0 y-0 z—\3a
1 -1 0 -4
d.r.of 04 and BC are respectively (1,1,-1) and (1,-1, 0).

-(3) and

Let PQ be the shortest distance between 0A and BC having direction cosines (¢, m,n)
=~ PQ is perpendicular to both OA and BC.

~{+m-n=0 ..(5) and

-m=0 ..(6) A

Solving (5) and (6), we get, §= =k (say)

HlB

_n
2
also, 2 +m? +n? =1 B c

kPt kP4 4kP=12k = +

s b=+ =+ =+

e &I

Lom=1—n
V6 V6

Shortest distance between OA and BC 90§‘

i.e. PQ =The length of projection of OC on PQ

= 06 %) 0+ (v, =y )m+(z, -2, )1

- oo e | <

16. Ans. (1)
Let the equation of plane be B(0,0,b)
X+y+z—1
a b c
as (a, B,y) is centroid

a b c
_§, B—g and 'Y—g A(a,0,0)

-~ equation of plane XY, 23 €(0,0,0)

a B vy
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17.

18.

19.

20.

Ans. (2)

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

=~ Coordinates of any point P on line (1)
~ P(B3r+1,r+ 2,2r + 3) for point of intersection of (

(1)

(2)

1) and (2)
1

3r+1-3 r+2-1 2r+3-2 _ 3r-2 r+1 2r+
1 2 3 1 2 3
~r=1

~ point of intersection is (4, 3,5)
=~ the equation of required plane

=24(x—-4)+3(y—3)+5(z—-5)=0 =2 4x+3y+5z2=50

Ans. (1)
2x—y+3z+4=0=ax+y—z+2

(1)

- equation of plane through (1)is 2x —y+3z+4)+A(ax+y—2z+2)=0

x2+al)+yA-1)+z@B-A)+(4+21)=0
x—=3y+z=0=x+2y+z+1
*» equation of plane passing through (3) is

(x=3y+z2)+ulx+2y+z+1)=0
>5xA+w)+yCu—3)+zu+1)+u=0 ..(4)

if lines (1) and (3) are coplanar, then Zvah A1

(2)
.(3)

3-L  4+2)

n+l  2u-3
Solving thiswe get A = —-1,u =1
Ans. (1)

2+12

Distance between plane =

-2

Angle between line and plane = 6
6-12+30 24

5027 352

sinf = 2 =>PQ=2X%
PQ

sind =

352 352

24 12
Ans. (1)

Ly:1,0,1 = a=45°08=90°%y = 45°= ¢, =

Ly : a=90°p =45°y = 45°

1 1
SO ‘gl = O,ml = —=,NnN =
2

N/

Let angle between L; & L, be 6.

N | =

socosf = ¢, + mym, + nyn, = cosh =

~m
2

p+l p

S
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SECTION-B
Ans. (9)

Xx-1 y-2 z+3
9 -1 -3 (11-12;_3)

3x-3y+10z-26=0

~+ A’ is mirror image of A w.r.t. the given plane

L Xx-1_y-2_z+3_ [3—6—30—26)

3 -3 10 9+9+100 A reqd. line

x—1_y—2_z+3__2 _ 59

3 -3 10 118
2 A'(4,-1,7)
~ Equation of required line x-4 = y+11 _z _37
Ans. (5)
X-4 y-3 z-2 S

== (1) 2 G20
Xx-3 _y+2 _7-0 2 O (4,3,2

1 1/A 1/u e
Equation of the plane is
X-3 y+2 2

1 5 2/=0=2-3)25+8) -y +2)(5-2)+z(—-4-5=0

1 -4 5

33x—99-3y—-6—-92=0=>33x—-3y—9z—-105=0=> 11x —y — 3z = 35
Ans. (3)
=~ Equation of plane through (3,4,1) is
a(x —x1)) +b(y—y1) +c(z—2)=0
Salx—3)+b(y—4)+c(z—1)=0 (i)
> plane (i) passes through (0,1,0)
&~ =3a—-3b—-c=0
=>3a+3b+c=0 -(ii)
X+3 y-3 z-2
7 5

Also, the plane (i) is parallel to the line

“ a0y + biby, +cic, =0

= 2a+7b+5c=0 ..(iii)

Eliminating a, b, ¢ from (i), (ii) and (iii), we get

X-3 y-4 z-1
3 3 1|1=02>xx-3)A5-7)-@—-4)A5-2)+(=-1)(21-6)=0
2 7 5

8(x—3)—13(y—4)+15(z—1)=0 = 8x—24—13y+52+ 152 — 15 =0
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4.

Ans. (1)
f.(zf—3j+612)
sina=|——————=
J4+9+36

= sinazzzk
7

Ans. (6)
Let P(p, q,r) be centroid of tetrahedron
Edges of tetrahedron

4pi,4q),4rk
_ 1 Fal 2 ~ _ 3 _ 3
\Y _g[4p| 4qj 4rk]_64k =pqr = 6k

= Xxyz =6k’
Ans. (5151)
Pi:4x+6y-7z=1
Py:4x+6y-7z=2
Distance:| 2-1 |= !
|V16+36+49| 101
N(N +1)

L N=101=> =5151

Ans. (7.07)
y

(3)

(5)

y

by concept of projection area :
(Ar.(ABCD))” = 32 + 42 + 52

— Ar.ABCD = /50 =52 Sg. units
Ans. (23)

*> Line intersect the plane at point

P=(2+A-2-3A5+2A)

= Point P lie on plane 2x-3y + 42 = 163
22+A)-3(-2-30)+4(5+21) =163
19A=133=>A=7= P=(9,-23,19)

(P is general point on line)

[168]
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- line intersect the yz plane at Q

= Q=(2+\,-2-3%,5+2A)
2+A=0=>A=-2 (" inyz plane x = 0)

= Q=(0,4,1) =PQ=1/(9-0) +(—23-4) +(19-1)* =/1134
—9\14=ab = a=9, b=14
a+b=23
9. Ans.(13)
X-2 y+1 z-2
2 4 12
General point on line (1) P = (2 + 2A, -1 + 47, 2 + 121)

=1 (Let) (1)

** line (1) intersects the plane x-y +z =5

— point P liein the planex -y +z =5
= 2+20)-(-1+40N)+(2+12\) =5
10A=0 =>A=0
=>P=(2,-1,2)&Q=(-1,-5,-10) given
—> Distance between point P & Q is

= J(2+1) +(-1+57 +(2+10)* =13

10. Ans. (21)
Cc,+C

el 5B e vo|-svaxadz

N3 +47+5°

|c,+¢,| =20,c1,c, €W

(c1,¢,) = (0,20), (1, 19), (2, 18), ------- ,(19, 1), (20, 0) — 21 pairs

JEE (Advanced) Practice Paper
1. Ans. (B)
cosf = £,¢, + mym, + nyn,; Dc's of B, (bisector)

0+, ) 0,41, L0+l 0+
JU A+ +(mrm Y +(n+n,)F  N2+2(,0+mm,+nn,)  2+2c0s0  2cosH/2

m, +m, n +n,
2c0s0 /2" 2cos0/2
Similarly, Dc's for bisector £,
0, -1, _ 0, -0, T T T
JU =G (m —m P+ (n, -0, 2=2(, L, +mm,+nn,)  2-2cos®  2sin6/2

(=0, m-m, n

Similarly,

1

1=

) )

ZSing ZSin9 ZSing
2 2
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A ’ﬂ?)k

(1 — L)1+ (my —my)j + (ng — ”&&A

Ans. (C)
/m+mn+n/

cos=———— (i
0* +m? +n? 1)

3 +x2—4x—4=0=>¢f+m+n=—-1=>m+mn+nf =—4
E+m+n)?=£2+m?>+n?2+2(-4)=>2+m?>+n>=1+8=9

. cosez—é
9

-. acute angle between the lines is cos™ g

Ans. (B)

Any pt.on lineis (34 + 2,21 - 1,1 - 4)

but it lies on the curve xy = c?&z=0 = (31+2)21-1)=c?&1-1=0

> BA+2)21-1)=c2&A=1=>c2=52c=+5

Ans. (B)

First two lines pass through the point (1,2,3) the third line must pass through the same point

therefore 22 =1 = A = +1.But A cannot be 1 as the third line coincide with the first.

Ans. (A)
P = (5k — 6,3k — 10,8k — 14)
Now BP.AC =0 A
5(5k—13)+3@Bk—-12)+8(8k—18) =0
245 5
k: _ ==
98 2 P
P =[§,—E,6j , Now length BP =ﬂ
2 2 2 C
/o8 /o8 J58 B(7,2,4)
Now A, C= 1_J_r 5 98,_§J_r 3 98,6i 8 /98
2 98 2 2 98 2 \J98 2
A=(9,-110)
C=(4-42)
Equation of BC x=7 = y-2 = 24
6 2
Equation of AC x=7 = y-2 = 24
2 -3 6
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6. Ans. (D)

x—2=y+1 _ z—2:> x—2=y+1=z—2
4 12 1 2 6

Sx=r+2=>y=2r—1=> z=6r+2

Line: =r

Plane: x —y+z=5=2r+2—-2r—-1)+6r+2=5=5r=0=>r=0

=~ point of intersection is (2, —1,2)
= (@ —2)? + (5a+ 1) + (10a — 2)? = 169
126a* — 34a — 160 = 0
= 63a?> —17a —80 =0
)
63
7. Ans. (A,B,C,D)
If x, y, z are not all zero, then consistency of given equations
a b c
=1b c a|=0
c ab

ie.a?+b%+c?>—3abc=0
(a+b+c)(a?+b?>+c?—ab—bc—ca)=0
adding given equations = (a+ b +c)(x +y+2) =0
(A) a+b+c#+0anda=b=c
= x + y + z = O represents identical planes
(B) a+b+c=0anda,b,c are all distinct
= equation have infinitely many solutions.
ax +by—(a+b)z=0; bx+cy—(b+c)z=0
(a+b+c=0)

eliminatingx, wegety =z=>x=y =2z
(C) a+b+c+0anda,b,c are all distinct

= unique solutions, represents all planes having only unique point of intersection.

(D) a+b+c=0anda=b=c
>a=b=c=0ie0.x+0.y4+0.z=0
8. Ans. (A,B)
A2 —-x,2,2),B(2,2—-1y,2),C(2,22—-2),D(1,1,1)
DA=(1-X) i+]+k;DB= i+(1-y) j+k;DC= i+ j+(1-2) Kk
If four points are coplanar then [ﬁ, DB, ﬁ]zo

1-Xx 1 1 A

> 1 1-y 1 |=0 B
1 1 1-z

€1 = €1=C
-x 1 1

=y 1-y =0 C
0 1 1-z
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10.

11.

12.

—x(—y+yz—2z)+1(+y2) =0 =2 xy—xyz+xz+yz=0
xy+yz+zx = xyz
l+1+1=1.
X y z
x—1 N y—-1 N z-1
X y z
Ans. (B,C,D)
(4,2,k*)lieson2x —4y+z=1=k = +1
Also (ki + ]+2K). (21 —4]+K)=0 2 k=1
Ans. (A,B)
Vectors ﬁ, AB & Care coplanar

Also,

JEE (Main + Advanced) : Mathematics

X=X Y-y z-z (xl’yl‘z)
Equation of the required plane |x,-x, Yy,-y, 2Z,-2,|=0 A 1< R(x,v,2)
dl dZ d3
X=X y-y, -1, BL_———

or X -X, Y=Y, Z,-Z,|=0 (X2, Y2, 25) (v da ds)

d, d, d, 5:d1i+d2i+dgk
Ans. (A,B,C,D)
2r+1—3r+2)+2@4r+3)+2=0 P(1,2,3)
> 7r+7=0>r=-1
@ A(=1,-1,-1)

Required line will be projection of given line in the
plane @rol3rdptrt3y....s
Foot of L of P will be on D A D

x-1 _y-2_12-3 _ _( 1-2+2.3+2]

; x—y+2z+2=0

1 -1 2 12+ (-1 +2°
x-1_y-2 -3 -7
1 -1 2 6
x =i; y:g;z _ i: x+1= y+1= z+1 N X+1+1=y+1+1 =Z+1+1
6 6 6 1 5 2 1 5 2
Also X+1 _ y+1 =z+1 N x+1= y+1 and y+1= z+1
1 5 2 1 5 5 2

= 5x—y+4=0=2y—-5z-3

Also(5x —y+4)+(2y—-5z2—-3)=0=2y—-52—-3=5x+y—-5z2+1=0=2y—-5z—-3
Ans. (A, D)

Let the plane is

2x+3y—2)+14+A(x+y—2z+3)=0 (1)
+Dx+B+VD)y—(A+21)z+1+31=0

=232+ -CB+A)+2(1+21) =0

+61+5=0=>1=-5/6
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Three Dimensional Geometry ALLEN

Putting value of 4 in (1)
7x+13y+4z—-9=0>a=9
Now image of (1,1,1) in plane & is
x-1_y-1_1z-1_ (7+13+4—9j x-1_y-1_ z-1 15

)’

7 13 4 49+169+16 7 13 4 117
12 -
X=—r70, y=i8, 2:5—7:>ﬁ =117.
117 117 117
13. Ans. (B)

Equation of the second planeis —x + 2y —3z+5=0 = 2(-1)+3.2 + (-4)(-3) >0
~ O liesin obtuse angle (2 X1+ 3(-2)-4x3+7)(-1+2(-2)-3x3+5)
=(2-6-12+7)(-1-4-9+5) > 0 - P liesin obtuse angle.
14. Ans. (C)
1Xx24+2x1-3x%x3<0- Oliesinacute angle.
Also (24+2(-1)—-32)+52x2-14+3x%x2+1)=(-1)(10)<0
~ P lies in obtuse angle.
15. Ans. (A)
1-4-9<0 =~ O lies in acute angle.
Further (1+4-6+2)(1-4+6+7)>0
=~ The point P lies in acute angle.
16. Ans. (A)

Volume of pyramid =% X base area X height = %x 16x6=32
17. Ans. (C)

Co-ordinates of centroid of faces EAB,EBC,ECD & EDA are (2,2,2) (?,2,13—0)(2,2,%)

(%,2,?} .y co-ordinate of each pointis 2.

Hence these points are co-planar & plane is parallel to base plane.
18. Ans. (C)

y
Ortho-centre of AABD is (0,0,0) equation of plane EBCis | -2 6
0

4.((x—4).6+2y)=0=>6x—244+2y=0=>3x+y—12=0

d- 0+0+12 | 12
3*+1 \J10
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