DCAM classes

Dynamic Classes for Academic Mastery

VECTOR AND 3-DIMENSIONAL

Single Choice

13.

EXERCISE - 1

AC = AB + BC b
=21 -2j+ 4k
BD =-AB+ BC A B
=—41+2]
Let Angle between AC & BD is 0
AC.BD
| AC| | BD|

=cos 0

o -12 3
= cos —4\/5\/5—— S

) 3
= Acute angle between diagonals = cos™! To
A
y
D C
/
E 9 (1,4/3) B
2,71 .
,'\60“"/3 . N
01> A@)

G=(i++3))

Let Position vector of P is p
GP|| k

then 13—(’f+\/§’j) =k

= P=1+3]+ 2k

also @‘=3
= V143407 =3
= A=5

= A=t 5 = Pp=i+3]%5k
For positive Z-axis p =§+\/§'j+\/§f<

So AP =p-21 =— i+\3)+/5k

HINTS & SOLUTIONS

C

17. Position vector of M =

w | ol

Position vector of N = (-C + 213)
equation of line BCis T = b+ 7»(5 -3¢)

equation of line AB is is ¥ =0+ pb

M(1 : 2)

equation of line MN is T = §+ t(% -2

1 4
= u=-2 0=§+§t

1
which gives p= £y

18.a=1+j&b=2i-k
ixa=bxa = (f-b)xa=0
= f=b+r .. @)
slmllarlyfx6=§><5
= T=a+pb .. (ii)

C(©)

)

= Position vector of X is

b

Putting the vector a & b in (i) & (ii) and equating

weget2i —k + AG+j)=1+j+pCi-k)

= 2+A=1+2u, A=1,pu=1

Point of intersection is 31 + j — k.

20. Equation of plane containing L, and parallel to
x-2 y—1 z+1
Lyis | 1 0 2 =0
1 1 -1

= 2x-3y-z=2

2 2
distance from origin = ﬁ = \/;
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21. Let the equation of plane be

X z
—+ X +—=
a b ¢
as (o, B3, v) is centroid

1

B(0, 0, b)

Aa, 0, 0)
C(0, 0, c)

22. L.H.S= (%@ + b) x A*b) A%
=)\4 ((5 + B) X B)E :k“[ab C]

RIH.S.= @ x (b + ¢)b = [@ ¢b]
= Aabc]=-[abc]

= A*=-1 which isnot possible.

23. These forces can be written in terms of vector as

A

L;JFLE Kj d k~ k=~
\/5 \/5 ) an —ﬁl‘i‘ﬁ‘]

ki,

B DY
“\/.—3\ /4
o? K

Resultant = ki + (k +v/2 k)]

magnitude = [k + (k ++/2k)? = ky/4+242

24. Equation of plane is T.n =|?‘

for intercept on x-axis take dot product with 1

= intercept on x-axis = %
1.0
25. ¢.a=a.(@xb) = ¢di=0=¢b =a.b
Also  |axb|=|¢|

||| b|sin90°= | ¢]
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28.

30.

= |d|=|b|=|¢|=1

|3 +4b+128 | = /922 +16b* + 144¢? =13
fAaEbEC=1

From P(f, g, h) the foot of perpendicular on plane
yz=(0, g h),
similarly from P(f, g, h) perpendicular to zx = (f,0,h)

Equation of plane is

X y z
f 0 hl-g :%Jrl—ﬁ:o
0 g h £
AD =-21+2j-k D
A_C.:Ai+2ti+2f< C A
AB =37 +4k B
ik
i, =ADxAC =|-2 2 -1|=61+3j-6k
1 2 2
=3(2"i+]—2f<)
ij k
i, =ACxAB=[1 2 2|=21-4j+3k
0 3 4
Tk

—2|=3(-51-10j-10k)
2 -4 3

) ﬁlxﬁ2|
sin@ = ———
| o[ [ 0,

sinezi

29



VECTOR AND 3-DIMENSIONAL

33. Dr’s of bisector 36. OP LAP
O, (0,0, 0)

ik feiok
+
V3 V3
Hence Dr’sare A, A, 0 (A € R)
Equation of bisector

=Ai+])

a(a-D+PP-2)+v(y-3)=0
Locus of P(a., B, 7) is
xX2+yr+z22—x—2y—-32=0

51, ax-2)+b(y-3)+6(z-1)=0 .. ()
. 5 3 2a—-2b—-3c=0
o=l 4a+0.b+6c=0
A A0
a b ¢
XT‘lzygz;z_gzo S12-0 -12-12 0+8
G S A
3. 0-1=24 = a=2ht1 3 g M et

+2=3L = B=3Ar-2
p p Put these values of a, b, ¢ in (i)

3(x—2)+6(y—3)—2(z—1)=0
(1.-2.3) 3x+6y—22-22=0

e |—15—24—16—22|_‘g‘:“

J9r36+4 |

54. Let the tetrahedron cut x-axis, y-axis and z-axis at

a, b & c respectively.

1 PRI
volume = —[aibjck] (Given)
y=3=—6L = y=—6A+3 6

2A+1-3A+2 -61L+3=5

1
=1 = A=1/7 Then g(abc) =64K> @)
Point on the plane is (2, —H, l—SJ Let centroid be (x,y,,2,)
7 77
T A N,
Distance = /(o —1)> +(B+2)* +(y —3)° CREp N T n Ty
put in (i) wet get
aNAH9136 =17 21 .
7 X,y,z,=6K

.. Locus is xyz = 6K3

The required locus is xyz = 6K*
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58. fi=d (i)
F=1 +ti ....(ii)
from (i) and (ii)

o d-1.1
@ +ti)i=d = t= =

substitute the value of 't' in (ii)

a (d—fo.ﬁjﬁ
r=1+ - n

ax(b-2¢) =0 = b-2¢ =0a

squaring b? + 4¢? — 4b-¢ = a’a’
16+4*4.4.1.%:(X2 = o=14
b =2c+4d
[C]+[nl=6

60. @—bX+b-c)y+(c—a)ixy)=0

As X,y & (XxYy) are non zero, non
coplanar vectors, then
a—-b=b-c=c—-a=0

= a=b=c

Hence AABC is an equilateral triangle.

Hence, acute angled triangle.
63. ¢ is along the vector @ x(axDb)
= (@.b)a—(a.a)b
=1 (@{+j-k)-3(-j+k)=-4i+2j-2k

_ 2itj-k

N

_ (axc)

47 axe|’
i ok

axc=|1 1 —1|=—j(-3)+k3=3(+k)
2 1 -l

. Jtk

172
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65. Equation of plane containing

x+1 y-3 z+2

and point (0,7,—7)is

-3 2 1

x+1 y-3 z+2

-3 2 1 |=0
-1 —4 5

By solving we get

x+y+z=0
X_Yy .
68. —=—-=— ..
e (@
x*r_y_z --
123 (i)
eAhL]?)_2§+33+5f<+f+2}+3f<
V38 V14
A
A
P
/®//
b\\/,\
%9:-
/%J/rq

= (A)and (B) will be incorrect
Let the dr’s of line L to (1) and (2) be a, b, ¢

= 2a+3b+5¢c=0 ... (iii)
and a+2b+3¢c=0 .. (iv)
a b c

9-10 5-6 4-3

oA b _c ., a_b_c
-1 -1 1 11 -1
equation of line passing through (0, 0, 0) and is L to the

lines (i) and (ii) is

x_y_z

1 1 -1
i.a a.b a.c
70. [Abcl =|bd bb b
¢da ¢b &g

1 cos® cosO
= |cosO 1 cos 0

cos® cosO 1
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EXERCISE -2 1 S
Part #1 : Multiple Choice - @xb)xeZaxbxc)
5. 3, b, ¢ areunitvector mutually perpendicular to each @.¢)b — (b.cJa = @.¢)b — @.b)
other then angle between 3 + p + ¢ & 3 is given by Butbd #0,ab#0
- -y = 3 & ¢ mustbe parallel.
0 @+b+¢)a (a+b+c).a
cosO = - = = -
E+b+d| a Vv +e [ 14. Vectors AR, AB & C are coplanar
Equation of the required plane
lal ]

Va2 +b% + & pAbeyiz) o

\ (Xs Ys Z)

= cosn ] ) (1) '
cosf = — =cos!| 7= |=tan”
N cos Lﬁ) an . s
(X2= yzr Zz) h )
7. f=2}—}+3k+k(i+j+\/5k) C:d1f+d2]+d3l2
3 3
cosa=7:>oc:30°, cosB=7:>B:30°, X-X, Y-y, z-z
\/5 X, =X, Y,—Y, 2,-%|=0
cosy=—= = y=45° d, d, d,

By putting the values check options
X=Xy, Y-y, z-1%

8. f=d-b+& @ o X=X, ¥imY, 7=2y=0
B=b+é-4d e (ii) 4 ©od
L =c¢+a +b (iii) 16 . Let vector is 6:X1é+X26+X3(éx6) also
f =23 -3b+4¢ 5.4 ©.b  U(axb)
IfF = WE + A% + AsEy COSG:IB“:|5B:|5 axb

then 23 — 3b + 4¢
:(}‘1_}‘2+}"3) 5+(}"2_}‘1+}"3)B+(}"1+}‘2+}"3)6

= A HA-A=2 (iv) [[axB] = [a] [f] sino0° =11
AAA-A =3 .. )
2 3 1
A =h=2 (I
A+, +A =4 V) = A =h=h=A (let)
Solving (iv) (v) & (vi) we get 5= (éi+f)+éi><lg)
M=150,=72; A,=-1/2
Now check options 7[9] —‘ ofi b4 (cB) 28,542 () +2(ab) 4 | =1
9. dxb=c¢xd & dxé=bxd
= dxb-dxc=cxd-bxd = ‘X\/1+1+1‘:1 = k:i%
~ . 3
= dx(b—¢)=(G—b)xd
R I P
= (@E-d)x(b-¢)=0 S0 i—3(a+b+a><b)
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17. Letd = xi + yj + zk
it makes equal angle with
1 . . .1 . ..
E(i —2j +2k),§(—4i—3k),j then

Xx—-2y+2z —-4x -3z

3 s Y
4x+5y+3z=0 ..(>I)
x—=5y+2z=0  ..(ii)
from (i) & (ii)

x=-z&x=-5y
. O R
a ZX(I—g_]—kJ,
. b+¢
18.ax(bxc)= N

- .. b ¢

= (a.c)b—(a.b)c ——2+E

I 1
ab="TFT&d.c=—F4
R N
- g 1_1_ 3n
angle between a & b =cos” 2) =4

19. IfA=—1then @ L b, ¢ Ld and angle between
éxB, EXa iSTC
Z between pand d =360°—(90°+90°+30°)=150°

If (@xb) . (Exd) =1, then following figure is possible
then £ between p and ¢ =30°

272

3a+4b 6¢+d 4e+3f X
7 7 7 7

E
B

. 3
(‘1\
4
4 6
A
F

27. dr’soflineare 3,8,—5

29.

=]
(5,7, 3)

Q
(3n + 15,81 +29, - 5L+ 2)

d.r’sof PQare 31+ 10, 8L +22,— 51 +2
both are perpendidcular
BAr+10)3+(8A+22)8+ (5L +2)(-5)=0
le. A==2
footis (9,13,15), PQ=14
Since (5,7, 3), (9, 13, 15) lies on the plane
9x—4y—-z—-14=0and3 x9+8(-4)+ (-5)(-1)=0
equation of the required plane is 9x —4y —z— 14 =0

=)
(5,7,3)

Q
(3 + 15, 8A + 29, — 5 + 2)

X
Let any point on line

be (1+2%,—1-3L,1)

A4 =1+ 20— 1) + (-1 =30+ 1) +2.2

402 +920%2 +22
= =4 = r=t4
Points (9,—13,4) and (-7,11,—4)
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30.

31.

Let ¥ =xit+yj+zk

Xy z
then [fBE] =0 = [1 2 -1} =0,

1 1 =2
-3x+y-z=0 (D)
T.a . 2 2x —y+3 \/E
., = IT— = =4, [—
E 3 J6 3
2x—y+z=+2 2
from(1)and(2)x=F2 ; y-z=F6

there fore  § = F2i+yjHy=6)k
(A) & (C) are answer

The vector parallel to line of intersection of planes is

i i k
1|6 4 =5 =-A(171+17]+34k)
1 -5 2

=2'G+j+2k) (Visscalar)
Now angle between the lines
AMi+)+2k.Q1-j+k) 1

K'\/gx\/g 2

cosO =

T
g="
= 773

. any such vector = & (4+b)

7i-4j-4k —21-7j+2k
= +
9 3

A AA A S
-5 [71—4]—4k+3(—21—]+2k)}
N
:6 |:1—7J+2k:|
A
1€]1=5J6 = ‘5\/1+49+4 =56
A
= ‘Eﬂ‘—S\/E
L oxse
= =T \/a =x
_ 15 o & & 5 . A
= ¢t (1-7)+2k) =% 5 (1-7)+2k)

35. (A) @ x[ax@xb)

=4 x [(a.b)i — @.3)b]=0— @) @xDb). False

(B) a,b,C are non-coplanar
va =0
Vb=0f = Vv@+b+3c)=0
ve =0

Buta+b+¢#0=v=0. ie. nullvector
which is true

(©) axb&cx d are perpendicular

0 (@ x B) X (€ x a)io.False

axb

[abc]

bxc¢ ¢xa
1

“ b’ ® [abe]

D) a' ,0'=

is valid only if 3,p,¢ are non coplanar,

hence false.

36. Volume of prism = Area of base ABC x height

41.

or 3:£xh
= h=f¢
A,
ch'
Mo,
IE3(2,O,O) EC(O’ 1.0)

Required point A, should be just above point A
i.e. line AA is normal to plane ABC and AA | = \/E

4
N
(9,8,5)
2 { (1,2.3)
L >y
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42.

43.

47.

Hence, edge length of the parallelopiped

x,—x,[=8

|y2 - y1| =6

|ZZ—ZI| =2
i k

2 3 —1|=16-1)-j@d+D)+k(=2-3)
1 -1 2

= 51-5j-5k
000y [10+10-5
COS — =17
5¢3.3
22k
2+ 3] -k
[

sinf = % = 0=sin’! (%} = cot™!( \/5)

Equation of bisector of plane

2x—-y+2z+3 _+3X—2y+6z+8
Vre2ir 0 o+4+36

2x-y+2z+3 +(3x—2y+6z+ 8)
3 - 7
= 14x-Ty+14z+21=+(9x—6y+ 18z+24)

= 5x-y—-4z=3 and
23x—13y+32z+45=0

Let normal vector n, perpendicular to plane determining
1Lj+k is

n=ix({+j)=k

similarly n, = (- j)x (i - K=i+j+k

Now vector parallel to intersection of plane =11, x i,

274

Angle between A(—j+1) and (i—2j+2k)
Mo+ DG-2)+2k) 1
k\/EX3 \/5

P o= n_F_3T
Ty VT

Part #11 : Assertion & Reason

Statement-I Equation of plane is

cosO =

T —-a).(bxc)=0 (D)

T=a+Ab+pc satisfies above equation

Hence True

Statement-II is also true & explain statement I
Statement - I

A@) & B(b)

PA .PB <0, then locus of P is sphere having diameter
@)

-3

a-b
2

n i .
volume:§7t :g|5—b| a - ol

TE - bad —_
25@2 +b? —2ab) 5 - p|
Hence true.

Statement - I1 : Diameter of sphere subtend acute angle
at point P then point P moves out side the sphere having

radiusr.

=(bédla—[bcald)+ (d a b]é—[da ¢]b)

= (bx¢)x(@ xd) + (dxa)x (Exb)

= (dx@)x(bx¢) — (dxa)x(bx3)= 0

Let the coordinates of A, B, C, D be A(1, 0, 0),
B(1, 1, 0), C(0, 1, 0) and D(0, 0, 0)

so that coordinates of A, B, C, are

A (1,0,1),B,(1,1,1),C,(0, 1,1) & D (0,0, 1)

The coordinates of midpoint of B A is

1 1
P(L E’ 1) and that of Blcl is Q(E’ 1, lj
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10.

13.

14.

Equation of the plane PBQ is 2x + 2y + z =4

Its distance from D(0, 0, 0) is 3

So Statement-1 is false and Statement-2 is clearly true.

B(b) C(c)
I_aa+b6+ca
- a+b+c
i)k
plane P, is L to a=|l -1 -1 =2i+]j+k
10 -2
i)k
and plane Pyis Lto b=|1 0 -2|=-2i-j-k
2 -1 -3

= | b = P, & P, are parallel

also L is parallel to ¢ = H —j —k

also 3.6=0 & b.¢=0

but it is not essential that if P| & P, are parallel to L
then P, & P, must be parallel.

So Statement-II is not a correct explanation of Statement-I.
Statement - I

a=1,b=]&c¢=1+]

¢ = i + b linearly dependent

i & b are linearly independent

Hence true.

Statement - 11 :

a &b are linearly dependent

a=tb

then ¢ = Aa + uB which is linearly dependent.

1.

EXERCISE -3

Part # I : Matrix Match Type

(A) IfP is a point inside the triangle such that
area(APAB + APBC + APCA)
=area (AABC)
Then P is centroid.

(B) V = PA + PB + PC

0=d—-p+b-—p+c—p

which is centroid.

© p

a@ —p)+bB —p)+cF —p)=0

(BC)PA + (CAPB + (AB)PC =0

:>*_a6c+b[§+07
p= a+b+c
B(B)
a c
*P(p)
c(7) b A(d)

which is incentre.

(D) From fig.
A
B C
PA - CB =0
PB.AC =0

= P is orthocentre.

(A) Vector parallel to line of intersection of the
planeis (i +3)><(]'+IA<) = 1A<—}+Ai

equation of line whose dr's, are (1,—1, 1) and
passing through (0, 0, 0) is

X=-y=2z
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(B) Similarly (i x j)=k -
Hence dr's=(0,0, 1)
and passing through the point (2, 3, 0)

Equation of line ——=2—> =2
qualono me 0 0 1

(C) Similarly x(j+k)=k -]
dr's=(0,-1,1)

x-2 y-2007 z+2004

Equation of li
quation of line — ) ]

because x=2 & y+z=3

s0y=2007, z=-—2004 satisfy above equation

D) x=2,x+y+z=3
ytz=1
same as part C
x-2 y z-1

we get 0 11

° M
¢ =4]—2j-6k

N T
=7 [2i+4j+2k] = 1+2j+k

= =46
(B)
Pe 2; 1 o
Orthocentre Centroid Circumcentre
9

(C) Area= |dxb|=|(p+24)x(2p+J)|
L 13
= [PXq+4qxp|=3pxq=3x2 =3

276

M) G+v+w=0
= ARV | W[ 4205+ 2(V.W) + 2(W.1) = 0
= 9+16425+2  [U.V4V.W +W.i]=0

= LJJuv+vw+wa|=5

Part # II : Comprehension

Comprehension # 2

1. Equation of the second plane is —x + 2y —-3z+5=0
2(-1)+3.2 +(=-4)(-3)>0
. O lies in obtuse angle.
2x1+3(-2)-4x3+7)(-1+2(-2)-3x3+5)
=2-6-12+7)(-1-4-9+5)>0

P lies in obtuse angle.

2. 1x2+2x1-3%x3<0
O lies in acute angle.
Also
2+2(-1D)-32)+5)2x2-1+3x2+1)=(-1)(10)<0

P lies in obtuse angle.

3. 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.
Comprehension #5
1. Wehave: @ =A (bx©), b’ = (€xd) and

1
[ab¢]

¢ =X (@xb), where A=

bxb' =bxA(Exd)=A{bx(Sxd)}
=2{(b.d)¢—(b.c)a}

and

Ex¢ =ExMExb) = L{Ex(axb)}

=2{(¢.b)a—(c.4) b}

axa +bxb +exd

=2{@.¢)b—(a.b)c}+A{(b.d)c—(b.c)a}
+2{(S.b)a—(¢.a) b}
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=2[(@.¢)b—(a.b)c+(b.d)c—(b.¢)a
+(©.b)a—(c.d)b]
=A[@.¢)b—(a.b)c+(d@.b)c—(b.¢)a
+(b.¢)a—(a.¢)b]

=10=0
_ (bx¢)x(Exa) _¢©
2. Gixp = e =
a'xb [abc]’ [dbc]
o da+b+¢
a'xb +b'x¢ +c'xad =—=—
[abc]
so A=1
¢xa
3. @xb)yx(@®xc) = [555]2
¢xa axb bx¢ | [abe] -
[#bel [@bcF (a6l |~ [abe )
n=-4
Comprehension # 6
A(2,1,0),B(1,0,1)
C(3,0,1)and D(0,0,2)
1. Equation of plane ABC
x—2 y-1 z
! -1 =0 = yt+z=1
2 0 0

2. Equationof T, :21}+k(@x?@)
o) L:21A<+7»(}+1A<)

3. Equation of plane ABC
y+z—1=0

2-1 1
distance from (0, 0,2)is = T = f

Comprehension #7
Vector p =1+ j+k,q=21+4]-k,

f:Ai+}+3f<

11 1
A) 2 4 -11=13-7-2=4%0
11 3

Hence non coplanar; so linearly independent

(B) Intriangle, let length of sides of triangle are a, b, ¢
then triangle is formed if sum of two sides is greater
than the third side. Check yourself.

© @-1p
=({+3j—-4k).(i+j+k)=1+3-4=0
Hence true.

((Pxq)xT) = up + vq + wr

@-t)Y —(q.7T)p = up + vq + wr

By solving p.f & ¢.r, we get

54 - 3p +0Ff =up + vq + wr

compare

utv+w=5-3+0=2.

S is unit vector

@.8)(@ x7)+(.5) @ xp)+T.5@ xq)

A

17 k

Gxt=02 4 -1|=131-7j-2k
11 3
ik

Fxp=[ 1 3[=-21+2]
111
i ok

pxq=[l 1 1|_-_s713j+2k
2 4 -1

Let§:Ai

Putting the value we get

131 = 77 = 2k + 221 + 2)) + €51 + 3] + 2k)
=13i-7j-2k-41+4j-51+3j+2k
=471+ 0j+ 0k = 41

Magnitude = 4.
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Comprehension #8

26+b
E =
3
equation of OP 1 = ?{ﬁ+ﬁ} (1)
al |¢
LetPdivide EAinp: 1
_ 284D
pa +
p+1
cEe)—5—2 B(6)
P
F
0(0) A@)
Plieson (1)
. 2C+b
pa + L
3 a c
=M=+t
htl (Ial ICIJ
a+c=b
_ 3c+a

Comparing coefficient of 3 and ¢

1
n+ A
3 = (2
p=1 |a| @
1 A
andm:m 3)
» 1 le]
divided (2) by (3) u+§:|5|
el
S EEE
A
Putin (3) |C| :m
7+7
|al

278

So position vector of P

Al fa e
To3fel+2fa|\fa] el

Now for solution of 4
equation of AB,

I =d+Mb—4d)=a+A(c) @)
equation of CP, FT=¢*u

lela |, 3laje
3[¢|+21a| 3|c|+2|a|

o 3lcla+3|alc—3]|c|c—2]a]c
3lc|+2]a]|

T =

=G+ 3lcla+|alc—3]c]|c
H 3c[+2a|

Comparing (4) and (5)

pla|-3p|c|

M= S 2 e

3[¢|+2|d|+plal-3u|¢]|
= 3[d|+2fd] ~(6)

Put value of p in equation (6)

EIED)
31¢[+2]a]

|a]=3[¢] 1]a]
3le]  3c]

A=1+

.. .~ llal.
So position vector of F is= a + EHC
c

Solution—5
|a]

- 1
A F=pv.ofF—p.v.ofA=3 + 3 m -
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EXERCISE - 4
Subjective Type
QX =4XR P(0)

RY =4YS

Let p be origin

& R(q+5)

from figure

4(Q@+s)+q 5qg+4s
PV.ofX= (q ) q: d

5
. fY_4§+ +§_5§+q
. V.0 = 5 = 5

Now LetZdivides PR inratio A :1
Now LetZ divides XY inratio p:1

el

Aq+5s)
PV.ofZ= 11 (from PR)
u(5§+61)+ 5q+4s
PV.ofZ= 3 3 (from XY)
n+1

equating both Z then we get

A p+5 _
7\.+1_5(l~l+1) ....... (i)
Ao dptd
7\4+175(M+1) ...... (ii)
from (i) & (ii “Lga=
rom (i) & (ii), W 4 4
ﬂ
SoPV.ofZ= —*— (4 +5)
21
—+1
4
21 21

=55 @+s)=55 PR
2. PVsofvertex BbQ,R,Sare(Let) (0,3, b+a-b
using section rule PVs of

(b+3d)+4b
5

and Y=

X 4(b +55) +d

inLet 22 =2 and 2=
again Le 7R an YZ_M

PVs of point Z may be given as

[a aj [ 413}
~ _ plb+—|+1|a+—
A(b+3a)+0 5 5

————— & also as

A+1 p+1

Equating both answers and coefficient of a2 & b

(they are representing non collinear vectors PQ&PS )

x”+(;j x(é‘sp_jﬁ

A+l p+l Al op+l

. . . 21
Solving these equations gives A = vy
After rotation equation of plane is new position will be
/x+my+a'z=0 ...()
Let angle between (1) and /x + my =0
is0, then
7 +m?

\/ﬂz +m? \/E2 +m? +a”

Solving we get

a” = (*+m?) tan’ 0

= a'= J_r\/(fz +m2)tan9

Equation is /x +my + zy/(/* + m?)tan0 =0

cos0 =

x—l_y—2_z—3_r Let 1
5 3 2 (Let) )

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

x-4 y-1 z-0
5 2 1
To find point of intersection of (1) and (2)

Q)
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2+1-4 3r+2-1 4r+3
5 2 1

2r—=3 3r+1 4r+3

5 2 1

= 4r-6=15r+5
= llr=-11 = r=-1

point of intersection of (1) and (2) is (—1,—1,—1)
F=(i+]-k)+r3i-)) (1)
f = (41 —k)+p(2i +3k) - (2)
For their point of intersection
3A+1=4+2n = 3A-2p-3=0 ..(3)
1-A=0 = A=1 )]

and —1=—-1+3p pu=0
point of intersection is (4, 0, — 1)
required distance

= J@+1? +140 = V25+1 = \26
5. ‘@.&)@3xa)+(6.a)@xa)+(aa)(ax6){

‘@.&)@3 x €)= @.d)b xd)+ (b.d)E x a)(

bx[@.d)X - €.d)a]+ (b.d)E x a){

bx {@xc)xd]+ (B.El)(exa)(

:\@.a)@ xc)— {b.@ x E)d — (b.d )@ x 6){
~bacd -pac 4 ©1d =1
=[b @ €] Proved

6. (i) Projection of OP on n
0, (0,0,0)

280

(i) F.a—-p+MFi.b—q)=0

Area of AABC
Areaof AABC =

Areaof AACD =

(a) GBi-3j+k+d)=2i-2j+2k

= d=-i+]j+k

() AB=6}-+k
KE=8§+23+21A<

= [AQ|-Eirara= T2

D (d) c(5i +2K)

A3 2)) B(3i — 3] +k)
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N
V38

Required vector is (6? —3 + 1A<)

@)}

= 7o (6i-j+k)

ﬁ

(c) BD=-4i+4]

AC. BD —-32+8 —24

COSG:W = \/7_2\/3_2 B NNG)

2
= 9*2—7t
3
9. Letorigin be C
A@@)
(%)
c = B(b)
() b
(2)
LB | a .
Given |d ——| = [b ——| (medians are equal)
b? .-, al -
=2 . 2 —
= a +— - =b"+— —a.b
4 a.b 4
33> 3 - .
2% = lay
10. A 27k+12,—9k—4,18k+8
A+1 A+1 A+1

Which lies on the sphere

(270412 (9h-4Y (18048 27504
LA+l A+l A+l )

A (27,-9, 18)

2
Solving above we get 9\2=4 A= ig

. . x-3 z
11. Let point on line 5 :_:T ..... (0))

are 3 +24,3 + L)

Equation of line which pass through origin is

x-0 y-0 z-0

3420 344 AT @)
Angle between (1) & (2)
cos ™ _ B+2AR+@B+M +Ax1

3 B0 +B+AF 422322 412 41

Solving we get
A+30+2=0
= A=-1,-2
Putting the value of A in equation (2)

x_y_z -
=57 or =
12. M is mid point of CB, also OM =R cosA

= PV'sofcircumcentre Ois = (%I +Rcos A}j

again CL=DbcosC and HL=2RcosB cosC

= PV's of orthocentre H is

= (bcosC 1+2R cos BcosC 3)
Distance between points O & H

= ‘(%—bcostﬁ(RcosA—2RcosBcosC)3)‘

:\/(RsinA —2RsinBcosC)’ + (R cos A —2R cos Bcos C)?

\/sinz A +4sin® Bcos® C—4sin A sin Bcos C +cos® A

+4cos’*Bcos? C—4cosAcosBceosC

:R\/l+4cos2 C—4cosC(sin Asin B+ cos A cosB)
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:R\/1+4cosz C—4cosCcos(A-B)

:R\/1+4cosz C+4cos(A +B)cos(A - B)

:R\/1+40052 C+4cos’ A—4sin’ B

:R\/1—8cosA cosB cosC
13. G=a,1+a,j+ a3lA<
b=b,i+b,]+bsk

c=cji+c,j+c5k

ai aj ak
[556] is written as [p] B] bk
¢i &j ctk

Now  {(nd+b)x(nb+7c)}.(nc+4)
= {n*(@xb)+n(@xE)+bxc}.(nc+4)
=n'[abc] + [béa]

=+ 1) [Ab¢]

14, W+ (Wxi)=v (1)
Dot (1) with v
W.v+[vwul=1  ..(2)
Dot (1) with g
W.aA+0=v.0 .. (3)
cross (1) with u
X W+ (0.0)W — (WW)i =UxV
Using (3) we get
UxXW+W—(V.0)i=uxv
[Vuw]+(V.W)—(V.10)* =0
Using (2) we get
[Vuw]+1-[v w u]—(4.9)* =0
2[uv wl=1-(i.v)?

[uvw] -1

282

15. Angular point OABC are (0, 0, 0), (0, 0, 2),

(0,4,0) &(6,0,0)
Let centre of sphere be (1, 1, 1)
Equation of plane passing ABC is

§+1+£:1
6 4 2
r r r
—4—+—-1
L6 4 2
1 1 1

6 42
Tr=x(11r-12)

2
r= 3017 3 (not satisfied)

16. (a) Let L distance of ¢ from line joining & and b isp.

Now A:%‘@Xm‘zé‘gﬁ‘xp

\EXA_Q
= P TAB|
c(c)
ip
A = B(b
@) (b)
_ |(b-d)x(¢-d)| |dxb+bxc+ixd|
|b—4d| |b—4|

(b) Equation of line AM is

f:k[fwg]
2

Equation of line BD is
f=b+u(d—b)

to obtain point of intersection

p(d) d

C(b+d)
o I\/I[BJrg]
B(b)
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17.

A=1 & A=
= A= ) or =

!
— W

h int0is = | b+3
ence pomn 1S 3 5

Area OMCD = Area OMC +Area OCD

i(- d) (b 2d)| 1[b 2d) (—2- 2-
=—|=| b+=|X| =+— ||+ =] =+— |[x| =—=b+=d
213 2 3 3 23 3 3 3
L U g0d1 95y ||+ L | LB x2d - 4dxB)
219 2 219
_ LB3gdl+ L 6bxdj=Lx 2 Bxd]

18]2 18 18 2

15
= x12=15 i

18%2 $q. units
:Liﬁxa+i|6ﬁxa\:ix§|5xa|

182 18 18 2

15

18x2 Sq. units
Let |ﬁ|=7u

- A, .
i=>G+37)

2 2. . .
_x‘g(n\/?j)—zi

7\4 oy ~ ~
Given ‘5(1 + \EJ)_ 1

( 2 2)?
L(£—1] +&J =)2
2 4
f[x—ﬂz 32
—_— +_
=)
(402 — 40 + 47 = 1602 (02— 20, + 4)
(2 =212 =22 (N2~ 24+ 4)

244 +4

solving we get A :f =-1 i\/z

But A>0

= A=42-1

a=2,b=1

18.

20.

(i)

21.

22.

For linearly dependent vectors

0(1—-2j+3k) +m(-2i+3j—4k) +n(i—j+xk)=0
f-2m+n=0,-2/+3m-n=0
3/—4m+nx=0

-1 =0isx=1

(i) @x(bxc) = (@-¢)b—(a.b)¢
= 10b-3¢ = pa+qb+ré
p=0,q=+10, r=-3

[

. b, ¢ are non coplanar]

[V

(@xb)x @x?). d
— ((@xb).8)a - (@xb).d)c}-d
=[d b¢]a.d-0=20x(-5)=-100

A

+i

vectors da, b & ¢ are non coplanar so are the vectors
axb, bxc
Let position vector of circumcentre

T =x(axb)+y(bxc)+z(¢xa)
also OE=AE=EB=EC

= |f|=|T-d|=|T-bl=F-C|
0(0)
(a)A
‘E
5 F c(c)

or TF°=r"+a"-2ra

= 2fi=a’, 2fb=b’, 27E=¢
e g a’
or 2y[abcl=a = y= Aib
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23 G=1+a)j+a’k
B=1+bj+b’k

A A

¥=1+c¢j+c’k

d,Bﬁ are non coplanar
1 a a’
1 b b*#0
1 ¢ ¢

= (a-b)(b-c)(c—a)z0 = a=b=c

If o, B, & v, are coplanar

2

1 a, aj
Then |1 b1 bf =0

1 ¢ cf

= a, =b, =c,

(a, _a)z (a, _b)z (a, _C)Z
Given |(b, -ay (b, -by (b, —c)|=0
(c, _a)z (c, _b)2 (c _C)Z

= R, >R -R, &R, »> R, -R, we get

a,+b,—2a a +b, -2b a, +b, —2¢
(a,-b))(b,—c) b, +c, —2a b, +¢,-2b b, +¢c, —2¢c|=0
(C _a)z (c _b)2 (C _C)z
R, - R -R,
a, —c, a, —c

= (a b)) (b—) b, +c, —2a b, +c,—2b b, +c, -2¢=0
© _3)2 © —by © -

= (a;b) (b, —c)(c,—a)

a4 —=¢

1 1 1
b, +c,—2a b, +c, -2b b, +c, —2c
( _a)z (c, _b)z (c _C)z
C —»C-C, & C,—C-C,
= (a,-b)(b—)(c,—a)

=0
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24.

0 0
2(b—a) 2(c—b)

a’ —b’ —2¢,(a—b) b*—c*—2¢,(b—c)

1
b, +¢, —2c|=0
© ~cy

A

(

o

b)) (b, —c)(c,-a)A=0

= (a,-b) (b —c)(c,—¢c)=0 [A#0]

= a =b =¢

= a,,B,,y, are coplanar

{+m+n=0

2+ m?=n?

Put n=—({+m)in(2)
£+ m?=+m?*+2/m

= /m=0

(i) if £=0; m=0 then from (1) m=-n

1 -1

direction cosine are : L
2T V2
(ii) if /#0; m=0, then from(1),/=—n
f_m_n
1 0 -1

direction cosine are :

1
=0+0+ —
cosO=0+0 5

cosO =

N | —

. |f + b§| is minimum

Lo 2L
272

Let O be the angle between the lines

Let  f(b)= 2 + 575> + 2T.b§

for maxima & minima

—.2 —- =
(b = 2bs” +2r.s —o
Ji?2 + 282 +2bi8

s

el

b=—

[\

S
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_p 2
‘b4 +‘r+b4::w§2+f%+w§2+zbf§

=2b’§” + I - 2b°5° =] 7|2
26. Angle between two vectors

_ I+ DM +MED 1
V33 3

Hence obtuse angle between them.

Vector along acute angle bisector

_ ifj+lA< i+j-k
”{ NN }

2\

\/3[ J+k]—t(J k)

hence equation of acute angle bisector

:(f+23+3ﬁ)+quﬁ)

27. Li 'x—l_y+2_£
. Line: 7 3 5

Plane :x—y +z+2=0

The vector perpendicular to required plane is
]
-3
-1

:2}+33+l}

i
N WD m

Now equation of plane passing through (1, — 2, 0)
and perpendicular to 27+ 3+ k

x-1)2+y+2)3+(z-0)1=0
= 2x+3y+z+4=0

X y z-c¢
28. L — === =
0 b - f
X |y z+c
L:—=== =/
2 a 0 [

Dr's of AB are

AB is perpendicular to both the lines
0(-afl) +b.br+(—c) (—cr—cl+2¢)=0
®*+cHr+c =2¢* ... 1)

and a(-af)+ 0(br) +c (-cr—c/+2¢)=0
—(a®?+c?)l—cr+2c¢*=0

—al,br,—cr—cl+2c¢

29.

(0,0,c)
A(0,br,—cr+c)
o B(a/,0 ,ct—c)
(0,0,—¢)
(2+ )l +ckr=2¢> ... ?2)
from (1) & (2)
/= 2b%c? . 2a%¢?
a’b? +b%c? +c%a?’ a’b? +b%c? +ca’
Alo 2a%bc? +b2 2 _%a?
" a’b? + b2 +c%a?’ +b%c? +c%a?
B 2ab%c? bZc? —a’b? —ca?
a’b? +b%c? +c%a?’ +b2c2+ca
4a%b4c? 4a*p*c?
44d%=

+ +
(azb2 +b%c? +02a2)2 (azb2 +b%c? +02a2)2
4c*(a*b")
(azb2 +b%? + czaz)2

L B (azb2 +b%?+ czaz)2 B a’b? +b%c? +ca?
5= -

d®  a’bic* +atbict +a*bie? a’b’c?
1 1 1 1

—_ —t—+—

1y (1)

(a) Let P, &P, be [tl,—) Ltz, J

for n=2

og+om=%og

S 1 A
= OP :_(t1+—J)—t1——J
t, t,

(3 (3 1)
or  OP, [ t—t] btz—;)J

. (3t, —2t, 3t, —2t, )
Point P:L 2t1t2J

b

3 2

which does not lie on xy = 1
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(b) LetP, &P oncircle x> +y> =1
are (cosa, sina), (cosp, sinf})

- 3 _
Forn=2, OP, + OP, = 5 OP,
- 2 Y . ~ A . ~
op, :g {(cosa1+31n aJ)+(cosBl+smB])}

— 2 ¢ . . ~
OP, =3 {(cos oL+ cosB)i + (sin o + sin B)J}
As P, lies on the circle then

om -1

%{(coscx +cosB) + (sin o +sin [3)2} =

9
2+2cos(oc—B):Z

= cos(a—B)=7
OP, = 0P, —g(op1 +OP; |

= iOP3 —%O—Pl

= icosoc—%cosB i+ ésinoc—%sinﬁ j
6 3 6 3 !

—p2 25 4 52
‘ P4‘ :g‘i‘g ZEECOS((X B)

=P, liessonx’+y* =1

. 343k

.a() AB=3i—j-k AC=4i+2j+4k
AD =2i+2]

-1 -1

V= 4| =6 cubic unit

0

3
! 4 2
6
2 2
a (ii) Equation of line AB is

f=j+2k+A (Bi—j—k)
Equation of Line CD is
T =41 +3]+6k + p(-2i — 4k)
(ay —a;).(b; xb,)
|y xb, |

Shortest distance =

286

[(41+3_]+6k) (_]+2k)][(31—_] k) (21—4k)]
|(317J k) (2174k)|

[41+2]+4k] [41+14]-2k]
|41+14J 2k|

16+28-8 36 _ 26 18 g

T 16+196+4 216 2J54 3J6

(b) AD=-2i+2j-k , AC=i+2j+2k

vector perpendicular to the face ADC is

A

k
-1| = 61+3j-6k
2

I
|
[\S)
N N o

AB=3j+4k

A vector perpendicular to the face ABC is

= 2i+4j-3k

Il

—_— O e
N W o
RN

acute angle between the two faces is given by

o —12+12+18 | 2
0S| B6+9+36v4+1649| 29

5
tan0 = 5 S O=tan™! E

32. O_§=§+23+21A<

after rotation of QPp , let new vectoris QPp '

Now ﬁ, Ai, a’.' will be coplanar

o or- PHEEE borl-pr]

But (OP x{)xOP =81 -2] -2k

. 3@i-2j-2k)
= OP'~ 2><3\/5

or OP'=—i-—



VECTOR AND 3-DIMENSIONAL

33.

axb—Exb+ Exd—ExE
(3—-C¢)xb+Cx(@a—¢) =0
(@—¢)x(b—¢) =0

CAxCB=0 B—>C$||t0A_)C

2i-3j+6k

BC =+ 14 [—7 J—i(4i63+12f<)

. 0(0,0),A(1,0)&B (-1, 0)

Let P (xy)
PA =(1-01-7v]
PB =~ (1+0)1-y]
PA-PB T3 OA.OB =0
= X¥-1D)+y*-3=0
xX+y =4 (D)

‘E&H@‘ = \/(x—l)2 +y’ \/(erl)2 +y’

=5 -2x - /5 +2x

=25 -4x?, xe(-2,2) (from (1))
so M=5 m=3
= M*+m’=25+9=34
. Let the plane is
2x+3y-2z2)+1+A(x+y—2z+3)=0 ()

Q2+M)x+B+A)y-(1+20)z+1+31 =0
32+20) -3 +A)+2(1+20)=0

6L+5=0 = A=-15/6

Putting value of A in (1)
Tx+13y+4z-9=0

Now image of (1, 1, 1) in plane © is

x=1 y-1 z-1 7+13+4-9
7 13 4 “149+169+16
x-1 y-1 z-1 15
7 T 1B a4 T
12 -78 57

X=— y=—— = ——
17>y 17 17

36. ) =-2+29
37. Equation of plane passing through (1, 1, 1) is
ax—1)+b(y—1)+c(z—1)=0 . (1)
it passes through (1,—1, 1) and (- 7,—3,-15)
a.0-2b+0.c=0 = b=0
and —8a—4b—-6¢=0
4a+2b+3c=0 b=0
4a+3c =0 = c= —%
dr’s of normal to the plane are 1, 0 — %

and dr’s of the normal to the x-z plane are 0, 1, 0

0 0+0+0 0 0 T
CoSY = |—F— 77— = = _

VZa’ \/2a12 2
38, Ixa+®bE=¢ e @)

taking cross product with b:
Zxd)xb+(XbY@axb)=Cxb
&b)E —@D)X + XbY@xb)=Cxb e (ii)

Now taking dot product with 3 in (i)

&by’ =a.g
- &g
Xb="2
aZ
@;;)a—(a.ﬁ)m%(axﬁ):axﬁ
a a
%{%ﬂa+ﬁ(ax6)—ex5}:§
@b)l a a
B B I -
x:f{T(a—bxa>+bxc}
@@b)La
1— 42k —4i+])[(1+2]-3k)x (21 +4]— 5k
39 gp = 47 D[(+2j-3k)x (2i+4)-5k)]

‘(i +2j-3k)x (20 +4j— 512)‘

(-31+2Kk).(2i—j)
|2i -

6

5
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41. Letthe required point be P(a., B, y)
OP=PA=PB=PC
OP2=PA?=PB?=P(?
02+ B = (o a) By ot (B b+

y=o+p*+(y—c)

42. D(a C(t)

In cyclic quadrilateral
tanA +tan C =0

[AB D] [cB D)
= L1401 ___ 1=y
AB.AD CB.CD

. ‘(Ba—a)x(a—a)( X ‘(E;E)x(&—é){

G-a)d-a)  (b-&d-5)
‘5><B+B><a+ax5‘ ‘Bx6+6xa+ax6‘
= = = + = =
(b-3).d-4a) (b—2¢).(d-73)
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43. . 3.1-2.4+5x1=0,line s parallel to the plane
reflection of line will also have same direction ratios
ie.3,4,5

Also mirror image of (1, 2, 3) will be on required line.
x-1 y-2 z-3 1-4+3-6
= = =-2172_ 2 2
1 -2 1 " +1°+(-2)
(X9 Y, 2)2(33723 5)

equation of straight line

x=3 y+2 z-5

3 4 5

44. Planesarex—2y+z=1 (i)

x+2y-2z=5 ....(ii)

2x+2y+z=-6 -...(iii)

Add (i) + (ii) + (iii)

4x+2y=0 = y=-2x (V)

From equations (iii) — (i)

Xx+4y=-7 (V)

from (iv) and (v) we get

x=1,y=-2

Putin (i) we getz=-4

So point of intersection is (1, — 2, — 4)

45. 2r+1-GBr+2)+2(@r+3)+2=0
Tr+7=0 = r=-1
A(-1,-1,-1)
required line will be projection of given line in the plane
foot of L of P will be on D
x—1 y-2 2-3 [2.1—2+2.3+2j
2 1 2\ 224 (re2?
x-1 y-2 z-3 -8
2 -1 2 9

(2r+1,3r ,4r+3)A/ l
D,

2x—y+2z+2=0
_ 7o 26 11
g YT 90 g

x+l  y+1  z+1
2/9  35/9  20/9
x+l  y+1  z+l

2 35 20
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47.

48.

(1+c) X =a—-C6xb+@X)¢ ... (iii)

Taking both side dot product with ¢ in equation (i)

, (put in (iii))

b+ (Eb)C+axd

Putting in (ii), we get y =

1+ (S)°

x-4 y-3 z-2

T2 s ()

5 (3,-2,0)

/4,3, 2)

(x,, 2)

x-3 y+2 z-0

T 1Ux /g - (2)

Equation of the plane is

x-3 y+2 z
1 5 2|=0
1 -4 5

x=3)25+8)—(y+2)(5-2)+z(-4-5)=0
33x-99-3y-6-92=0
33x—3y-9z-105=0
11x—y-3z=35

1 3.

5:J§i-3,6=5&+75j

X.y =0 (given)

@+(q” —3)b)- (-pd + qb)=0

_q@’-3)

= p 2

=flq)

for monotonocity

p'=3¢*-3

if p' < 0 then f(q) is decreasing
= (q-1D(@+1)<0

= -1<q<l1

Decreasing forqe (—1,1),q# 0

49. F(i+j+k)=3v3

x+y+zf3J§:0

-33

p = /=3
NE]

= r=4

50. (a) Since tetrahedron is regular AB=BC=AC=DC
and angle between two adjcant side = 1t/3
consider planes ABD and DBC

vector, normal to plane ABD is= g <b

vector, normal to plane DBC is = bx¢

angle between these planes is angle between
4D(0)

S

vectors (axb) & (bx¢c)

—[5[ 1alle] .

(@xb).(bx¢c) _
= cosO= TR T
“Jal[s[ ¢l

‘QXBHBXE‘

. . . a1
Since acute angle is required 0 = cos ! (EJ
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(b) circum-radius = distance of circum centre from any
of the vertex

a+b+¢

= distance of from vertex D (0) [tetrahedron

isregular]

Circumradius

1. - ) 1 — ——
:Z‘a+b+c‘=z \/a2+b2+c2+2(a.b+b.c+c.a)
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EXERCISE -5
Part#1 : AIEEE/JEE-MAIN
6. We have,

u.n=0 and v.n=0
= nlu andnlvV

. uxv

n==
= |ﬁ><\7|
Now,  Gxv=G+j)x({-j=-2k

H+
>

Hence, \_il.fl|=|(’i+2’j+3f().(if()|=3
7. We have,
F =Total force = 71+2j-4k
d= Displacement vector = 4] + 23 -2k

= Workdone= F.d = (28 +4 + 8) units
=40 units

8. Let D be the mid-point of BC. Then,

. AB+AC
AP =T

= |E|=4Ai+}+4f<
= |K13|=«/16+1+16=\/§

Hence, required length = /33 units.

9. We have,
a+b+c=0
= |§+B+E|:6 = |5+5+5|2:0
= P + ol +Ief +2@.b+b.c+8.8)=0
— 1+4+9+2@.b+b.¢+¢.3)=0
= d.b+b.c+c.a =7

11. We have,

@+V—W). @ - V)x (V- W)

FV.@X V)= V. (X W)+ V. (VX W)

WL X V)WL (X W)W (VX W)



VECTOR AND 3-DIMENSIONAL

=U. (VX W)=V. ([l x W)—W.([Ux V) 17. PA +PB =(PA +AC )+(PB+BC)—(AC +BC)
=[uvw]-[vuw] - [wuv] =PC + PC —(AC - CB) A
= VW] + [GVW] - [iVW] =2PC -0 c
=[UVWw]=U.(vxw) (i%fj ZE_B) o 5
12. Tt is given that . PA +PB =2PC
d+2b iscollinear with ¢ and b +3¢ is collinear with a
- 10 -1 10 O 1 1
= d42b=AcC and b +3¢ =pa forsome 21 [abel=x 1 1=x |=lx 11 |=[ ;|7
scalar A and p. y X I+x-y| |y x 1+x
= b+3¢=p(i-2b - L=
b+3¢=pn(Ac-2b) 22, @xb)xS=ix{bx7)
= Qu+DHb+G )T =0 = @.6)b — (b.¢)a = @.¢)b — @.bK
= 2u+1=0 and 3-pr=0 — (b.¢X = @.bx
— u:fl’k:f6 "~band¢ So that a is parallel to ¢
g are non — collinear
G 42b=AG 24. AC L BC
- ~ .. .. dr'sofACand BC will be (2—a,2,0) and (1-a,0,—6)
= a+2b=-6¢c = a+2b+6¢c=0 Sothat(2—a)(1—a)+2x0+0x(-6)=0
- - = a’-3a+2=0
14. Let a=a+2b+3¢, B=Ab+4C and y=QA-1)X. oa=1,2
A2, -1,1)
1 2 3
Then, [@By]=[0 A 4 |[@Ebdc]
00 Qr-1)
= [0 7]=M2-1) @bc] (@-31) B(1, —3,-5)
_ 1 - L O . O
= [wpyI=0.ifh=0,> [v G 53] #0] 29. [36 pv pw] — [pV W qu]-[2W qV qi] =0

3p2[a v W] —pq[v W @] - 2q?[w v i] =0

Hence, &,[,7 are non-coplanar for all values of A except -
(Bp? —pq +2¢?). [u v \7v] =0

1
two values 0 and — . 3p2-pq+2¢2=0
2 has exactly one solution
16. (axb)xc=1/3|b||c|a p=q=0

= (a.c)b—(b.c)a=1/3|b||c|a -
30. @xb)+c=0

~ (ac)b= {(b.c) +§|b||c|}a @xb)= ¢
=ax(@axb)=-axc
= (a.c)b—|b||c|{cose+l}a = (d.b)a-|aPb=-dx¢
: | =3(j-k)-2b=—(-2i—j-k)
As a and b are not parallel, a.c=0 and cos9+520 @xc=-2i—-j-k)
242 =2b = (-2i+2j- 4k)

1
= cosf=- 3 Hence sinf =

=b=-i+j-2k
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31. Givealb,dalé &bléc Hence L +6)X =QBu+1)
s0 3.6=0 & bE=0 But given a and ¢ are non coliner
= A-1+2u=0 & 2h+4+p=0 Hence 7»+6——3u+1—0
= A=-3 & pn=2 so a+3b+6¢=0

32. ab.#0 36. ¢d=
ad=0 A A
bxc=bxd = (a+2b).(5a—4b):0
ax(bxc)=ax(bxd) — 5-8+6a4.b=0

(a.c)b — (a.b)c — (a.c)b — (a.b)d {a.d=0}

= (a.b)d =(a.b)c (a.c)b (divide by a.b) —~ a.b=12
deeo (a.c) = cosb=1/2
(a.b) T
= 0=—

33. 4.b=0 andaj=p|=1

37.
@xb)x@+2b)=(@xb)xa+@xb)x2b
[ax(axb)+2bx(a><b)}
[ G.3)b+2(0 . b)Y -2(b 5)6}
> D
P
=-[o-br2aro=[b-2d]
3 (25_5),[(5x13)x(a+25)] q+T=A
I S = T=-q+AM
=Qd-b). (b—24)
- —_ _ pq.
=-4a2-b2+4a.b =-5 = rI'=—q+—p
p|
p 1 1
34. 1 g 1|=0 - ?:_q{gk
11 pp
38.
plgqr-D)-@-D+1-q=0
pqr—-p-r+1+1-q=0 A
pgr—(p+trt+q+2=0
pqr—(p+tr+q)=-2
35. Let Let B D C
+3b=Ac¢ b+2¢=ui -
atib=he b+2c=na __ AB+AC . . -
add 6¢ both side 3b+6¢ =3pid AD =————=4j-j+4k
i+3b+6¢= ¢ | add @ both side .
a+3b+6c=A+6)X |AD|:\/§
a+3b+6c=0Cu+lp
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43.

45.

46.

47.

X=X Y271 2~ 7%

4, m; n  |=0

ly m, n,

1 -1 -1 0 0 -1

1 1 —k|l=0 = | 2 1l+k -k|=p
k 2 1 k+2 1 1
K+3k=0 = kk+3)=0 = k=0 or-3

Let 1, and n, be the vectors normal to the faces OAB
and ABC. Then,

IR R
n,=0AxO0OB=|; 2 1|=51i—-]-3k
21 3
i) ok
and, i, =AB x AC=| 1 -1 2|=1-5]-3k
2 -1 1

If 0 is the angle between the faces OAB and ABC, then

n,.n
cos = ﬁl f
| o[ | 0|
5+5+49 19
= cosO= ==

J25+149. /142519 35

19
— 1| =
= 0=cos (35j

14 m n
El—amIZOandcml—nlzoz>—1:—1 1
a 1

4y m, 1
MRS

€1€2+m1m2+ nn,= aa'tcc'+1=0
Here, ¢ =cosO, m=cosf, n=cosO, (' /=n)
Now, 2+ m?+n?=1= 2cos’0 + cos’B =1

= Given, sin®p =3sin’0 = 2co0s?0 = 3sin’0

5c0s’0=3, .. cos’0=

u]|w

48.

49.

50.

52.

Given plane are 2x +y+2z—8=0
or 4x+2y+4z-16=0
and 4x+2y+4z+5=0

Distance between two parallel planes
-16-5 21 7
Ja2 22442 62

Let the two lines be AB and CD having equation

X y+a z X+a y z
_:_7_:}\’ d—:—:—:
[ T T N T B
thenP=(A,A—a, 1) and Q=2u—a, u, u)
So according to question,
B
A=2p+a A-a-p A-p P
2 1 2
A Line of shortest
= p=aandA=3a distance
D
P=(3a,2a,3a) c—a
and Q=(a,a,0)
We he x-1 y+3 _z-1
ehave, — Y " s
- - -2
and x=0 - ! _Z =t
1/2 1 -1
Since, lines are coplanar then
X=X YooY LT
‘) my n =0
15 m, n,
-1 4 1
= 1 A A =0
/72 1 -1

On solving, A =-2

Angle between line and normal to plane is

(n ) 1x2-2x1+2/n
COS =

——0|= , where 0 is the angle
2 3 x/5+2 ¢

between line and plane

1x2+2x(C1)+2n
3x4/5+M

2 5

1
3 3«/5+x:> 3

12
30 3.5+a

= sin0= =

=
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53 The linesare X = % = & g X_ Y _ %
3. Thelinesare 3 = 5> = =~ and —~=—7 )

Since, a,a,+bb,+cc,=6-24+18=0

= 0=90°
58. Equation ofline PQ is

x+1 -3 z-4

Y= _ =2
1 -2 0

For some suitable value of A, co-ordinates of point
Q(A-1,3-21,4)

R is the mid point of P and Q.

(x—z 6 -2 ) o P(-134)
RE PN —74
2 2 dr. of normal (1,-2,0)
‘R —2y=0
R= (&—1,3—x,4j A e
2 5
It satisfies x —2y =0 Q
14
= M
2 1
Q—[E’ 5’4]
59. If direction cosines of L be /, m, n then
2+3m+n=0
/+3m+2n=0
Solvi L_m _n
olving, we get, 3 - 37" 3
1 1 1

T T
60. Ezcosz,m:cosz
we know that /2+m?+n?=1
L + L +n’=1=n=0
2 2

Hence angle with positive direction of z-axis is g
x-2 y-1 z+2
3 -5 2
Planex+3y—az+p=0 ...(2)
Point (2, 1, -2) put in (2)
2+3+20+B=0

64. Line (D)

294

66.

67.

68.

= 2a+tp=-5

Now aa, + b;b, +cic, =0
3-15-20=0
-12-2a=0

o=-6

—12+B=-5

B=7

a=-6,3=7

. Proj. of a vector (T ) on x—axis :|f| 4

on y—axis = |f| m

on z—axis = |f| n

2
6=T0(, = / s similarly m= 3 ,n=—
7 7 7
cos?o + cos?P + cos?y = 1 ..(i)
o =45°, B = 120°

Put in equation (i)

1 1
—+—+cos’y=1
4

1
2, =
= cos?y 1

= y=60°

Mirror image of B(1, 3, 4) in plane x—y+z=15

x—1 _y—3 :z—4 :_2(1—3 +4—5):2

1 -1 1 1+1+1
= x=3,y=1,2=6
mirror image of B (1, 3,4)isA (3, 1, 6)

statement-1 is correct

statement-2 is true but it is not the correct explanation.

z—3

2 A

equation of line

equation of plane x + 2y + 3z =4

sinf = LT+
V14144 +2.2

r=2

= "3
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69. 1(1-1)+2(0-6)+3(7-3)
=0-12+12=0
mid point AB (1, 3, 5)

i 3_y—1_z—2
1€S On 1 _2 3
p1(3, -1, 11)
70.
M <2,3,4>

M(2r, 3r+2, 4r +3)

Dr's of PM <2r—3,3r+3,4r- 8>
22r—3)+3(3r+3)+4(4r-8)=0
29r—-29=0

r=1

M(2,5,7)

Distance PM =+/1 +36 +16 =+/53

X=y=z

P(1-5,9) \

71. )
M

eqn. of aline || to x =y =z and
passing through (1, -5, 9) is

x-1 y+5 z-9
T
Let is meets plane at M(r+1, =5, r+9)

Put in equation of plane
X—-y+tz=5
r+l-r+5+r+9=5
r=-10

Hence M (-9, -15,-1)

Distance PM =~/100 +100 +100 =10+/3

72. Equation of plane parallel to
Xx—-2y+2z-5=0isx—-2y+2z=k

=T

x_ 2 .2 K
or 3 3y+32—3

K
—{=1
3
= K==£3
Equation of required plane is

x—-2y+2z+£3=0

3-1 K+1 0-1

1 2 1
2 K+1 -1
= 12 3 41=0
1 2 1
= 2K-9=0
K 9
- K=—
2

74. 4x+2y+4z+5=0
4x+2y+4z-16=0

a-l2il_7
- 6| 2
75. = @-b)Exd)=0
-1 -1

1
1 1 —k[=0
kK 2 1
= (1+2k+(1+k)-(2-k)=0
= k2+3k:0<0

-3

82. 1 (3)+m(2)—(4)=9

31 2m=5 .. @)
31 —2m-3=0

2] -m=3 .. (i)
4] -2m=6 ... (i)
(iii) — (1)

1 =1

m=—1 17+m* =2
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83. gx({)xﬁ)z%(é-ﬁ-g)

r r r
S EEh-(EE)E= BB
2 2
rr J§ r I \/5
= a.c:T and a.b:—T

= Angle between a & ¢ =30°

5n
6

a & ¢ =150°=
x-1 y+5 z-9
111
Any pointis (A+ 1,A—5,1+9)
It lies on plane
= AtDH)-A-35)+tA+9)=5
= A+1-A+5+A+9=5
= A=-10

Pointis (—9,—15,- 1), another is (1,—5,9)

Distance = /100+100+100 =10~/3

84. Equation of line : =X
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Part # 11 : IIT-JEE ADVANCED

1. (b) Given that g, B, E’a are vectors such that

@xg)x@xa)zo ..... 1)
P is the plane determined by vectors a and b
Normal vectors n, to P, will be given by
i, =dxb
Similarly P, is the plane determined by vectors
Cand d
Normal vector n, to P, will be given by
i, =¢xd
Substituting the values of n, and n, in
equation (1) we get n, X n, =0

= 1|d,
and hence the planes will also be parallel to

each other.
Thus angle between the planes = 0.

3. (a) a,b,C are unit vectors.

= -2@b+bd+04a)<3

— 6-2@b+bl+8a)<9 ()
From (1) and (2),x<9
". X does not exceed 9
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Given data is insufficient to uniquely

determine the three vectors as there are only 6 equations
involving 9 variables.
. We can obtain infinitely many set of three

vectors, V,,V,, Vs, satisfying these conditions.

From the given data, we get

= |T/1|:2
= |<’2| =2

V=29 = [V |=429

v,.v, =4

V,.v,=2

Also  V,.v, ==2
= |Y/1| |Y/2|cose =-2

[where O is the angle between v, and v, ]

-1
= cosO=—7= = 0=135°
2
Now since any two vectors are always
coplanar, let us suppose that v, and Vv, are
in x—y plane. Let v, is along the positive direction of
x-axis then v, =21. [ |§31| =2]

As v, makes an angle 135° with v, and ies in x—y

plane, also keeping in mind

|T/2|: \/5 we obtain

Again let, v, :(xAi+[3Ai+ylA<

ViV, =6 = 20=6 = a=3
and v;.v,=-5 = —axf=-5 = pB=+2
AISO|%|ZJ2? =2+ p2+y=29
= y==+4
Hence v, =31+2j+4k
Thus, v, =21;v, ==+ j;v, =31 +2]+ 4k

are some possible answers.

A (t) is parallel to B (t) forsome t € [0,1] if and only if

HONEA0)

g g

or f(t).g,(t) = £(t).g,(t) for some t € [0,1]

Let h(t) =f,(0).g,(0) — £,(0).g,(D)

h(0) =1£,(0).g,(0) - £,(0).g,(0)
=2x2-3x3=-5<0

h(1)=f,(1).g,(1) - £,(1).g (1)
=6x6-2x2=32>0

Since h is a continuous function, and

h(0).h(1)<0

= there is some t € [0,1] for which h(t) =0

for some t € [0,1]

e, A (t) and B (t) are parallel vectors for this t.

Given that, g = alAi + 323 + a3lA<
b=b,i+b,j+bsk
S=c/i+c,]+0csk

wherea, b, c,r=1,2,3 are all non negative real numbers.

3
Also ) (a,+b,+¢)=3L

r=1
To prove V <L? Where V is vol. of parallelopiped formed

by the vectors 5’5 and ¢

a, a, ag
.. We have V = E{EE] = b1 bz b3
¢, € G

= V = (a,b,c,; + a,bsc,tasb,c,) — (a,bse, + a,bc,
+ a;b,c) —..()
Now we know that AM > GM
(@, +b,+c)+@, +b, +c,)+(@; +by+cy)
- 3
>[(a, +b, +¢) (a,+b,+¢,) (a; + b, +cy)]*?

3L
= T > [(a,+b,+¢)) (a,+b,ytc,) (aytbyte,)]'”?

= L*>(atb,+c)) (a, + b, +¢,) (a, +by; + ¢y)

= a,b,c,; + a,b,c; + asb,c, + 24 more such terms
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> a,b,cy + a,bic, + asbic,
[*ra,b,c,200rr=1.23]
> (a,b,c; + a,bsc, + asbc,)
— (ajbse,taybic; + asbye)
=V from (1)
Thus, L* >V Hence Proved

[same reason]

10. Given that u, v, ® are three non coplanar unit vectors.

Angle between 3y and v is a, between v and ¢ is B
and between gand § itisy. In fig. QA and OB

represent  and v . Let P be a pt. on angle bisector of

~ AOB such that OAPB is a parallelogram.

B oo
P
-
<
v 402 A
/
r"
p_Lo,
w /2 J
/
™0 T~/

Also £ POA= ZBOP=0/2
/ APO = BOP = o/2 (Alternate angles)
In A OAP, OA = AP

But [§ + ¥ = @ + V)@ + V)
=1+1+2uv
[ 14 31 =1]
=2+2cos o=4cos® a/2.

| 4+ V| =2cosa/2

1
= X = 5 sec (a/2) @+ V)
1
Similarly, 51:5 sec (B/2) (v + @)

1
Z= Esec(y/ 2)o + 1)

Now consider [X x Yy X Z Z x X]

= X x Y[ *x 2)x(Z x X)]

298

= X x¥).[{y x 2).X}2 - {§ x 2).2}X]
[Using def" of vector triple product,]

=X xy)[xyzE - 0]

= Xyz][xyz] [+ [yzz]=0]

= kyaf i)

o _[1 | [3}
Also Xyz] = Esecz(u + V) ESGCE
1 _
vV + o) Esec(y/ 2\w + u))}
:;—sec(a/2)sec(ﬁ/2) sec(y2)[U+VV+ oo+ ]

= ;;sec(a/E)sec(B/Z)sec(y/Z)
[@ + V)6 + ®) x @ + 0)]
= %;sec(a/z)sec(ﬁ/z)sec(y/z)
[@+ V)60 x®+Vxi+d x i)

1
= gsec(a/Z) sec(B/2) sec(y/2)[U.vXx @ + V.o x U]

(" [@bc]= 0 when ever any two vectors are same)

1

=3 sec(a/2) sec(B/2) sec(y/2) 2[0va]
1

-7 sec(a/2) sec(B/2) sec(y/2) 2[UV®]

1
© [XyZf =7 [UvaT sec’o/2 sec’B/2 sec’y/2

16
(i)
From (i) and (ii),
Exy yxzZ ZxX]
“Te mvaf sec’a/2 sec?B/2 sec?y/2.
12. Giventhat @ #b =¢ = d
Such that daxc=bxd ()

ixb=2¢xd

...(ii)
To prove that (@ — a)(B -¢)=0
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14.

15.

Subtracting equation (ii) from (i) we get
ixC-b)=@b-0)xd

= axEC-b)=dxE-Db)

= ix@-b)-dx@-b)=0

= @-dxE-b)=0 = da-dJc-b

[ da—d=#0,¢— b0 as all distinct]

= Angle between @ — d and ¢ — b is either
0 or 180°.
= @-d).C-b)=[ a-d|| ¢-b|

[cos 0° or cos 180°] # 0 as a, a, E,B all are different.

Given that incident ray is along v, reflected ray is along

w and normal is along a , outwards. The given figure
can be redrawn as shown.

C
. YA\ J— P"—y B
a
v W v Nolo w

We know that incident ray, reflected ray and normal lie
in a plane, and angle of incidence = angle of reflection.

Therefore a will be along the angle bisector of W

and — v, i.e.,
L Wt (V)
a = —F"—"—7- (l)
| W= V]

[~ angle bisector will along a vector dividing in same
ratio as the ratio of the sides forming that angle.]
But 3 is a unit vector
where| &% — | =0C=20P
=2|w|cosO=2cos6

Substituting this value in equation (i) we get

A

W -V
2cos0

>

W =y+(2cos0)a
=vy-2(a.v)a [ a.v=-cos0].

(b) Normal to plane P, is

i, = Q] +3k)x @] -3k= -181

Normal to plane P, is

i, =(-k)x@i+3j)=31-3j-3k

19.

20.

SOA s parallel to + (11, x ﬁz):i(754} + 541})

Now, angle between A and 21 + 3 ~ 2k is given by

(547 + 54k).Q1 + j - 2k) 1

cos 0==+ =4+
54+2.3 NG
T 3n
0=— or —.
4 4
r 2 A s
Let ¢ =xi+yj+2zk f
ro1, 3,
r . S \
=7 then b=—i+—
a=1 > 2J
1
SO x—2 >
3 1
PESACHNS
2 2 2

= y\/_:% .'.y:%\/g

alsox2+y2+22:1

= Z=23=>z=4+ 2/3

1 0 0

so volume = % \/Eé 0 :%/2_
1 1 2
% /éﬁ'i%Z
Alternative

volume = |2r1 . ({, x £)|

T
aa aboac |1 1) 1 1
T IT T = ==
b-a b-b b-c oy V2
rr r ! rr 2 2
c-a c¢'b c-c

ool
‘(ﬁ‘ = ‘écost+f)sint‘
= (cos2t + sin?t + 2sintcost & .b )2

= (1 +sin2ta-b )12

3 r T
‘OP‘max: (1+ab)’'?, whent=7
N a+b a+b
Now u = — = -
SAlathl fa+

2
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21

d

22.

23.

L @xb).@Exd)=1 .1
b .
C
/3 —
a
Let a7°b =a
irb =

angle between plane of (& b)& (,d) be 0
equation (1) becomes
sina . sinf3 cos® =1

- a=—=,B==,0=0
4T P

= b & d arenon-parallel.

(A) 25sin?0 +sin?20 =2
sin? 0+ 2 sin? B cos? 6 =1
t+2t(1-1)=1
t+2t-2t2=1
22-3t+1=0
Q2t-1)(t-1)=0
t=1,1/2
sinf0=1,1/2

(© [abe]
(D) @a+b+35=0

= a’+b>+2ab=3c> = 2+2cos0=3

= 0= L = 0= z
COS 2 3 .
Ans. (A)
L (-32)S R(3,3)
PQ=61+]
SR =61 +}
PQ = SR (-2-1)P Q(4,0)
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24.

26.

. Let 6 be the angle

*Sz—Ai+3]
QR = —i+3]
PS =QR

But PQ.PS =-6+3=-3#0 & [PQ|#[PS|

= PQRS isa parallelogram but neither a rhombus nor

a rectangle.
Qi +D).[@xb)xd—2@G x b)x b]

= (d+b).[a>b—(@.b)a -2 {@. b — b’a}
= (i +b).[a’b+2b%];as 4.b=0

— 2d+b).Rd+b]as [a>=b'=1]
=42’ +b =5

between AB and AD

= 0+0=90°

= a=90°-0

= cos o = sinO (i)
ABAD 8

Now, €080 = ——= =—
‘ABHAD‘ 9

= cosO= from (i).

(a) v=xa+yb

= Ai(x +y)+ }(x -y)+ 1A<(x +y) ..()

. 1
Given, v.¢c = —

3
X+y-X+y-X—-y 1
= NN
y-x=1

= x-y=-1 ....(ii)

using (ii) in (i) we get

V=x+y)i—j+&+yk
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27.

b) a=1+j+2k b=1+2j+k

=i+)+k
V=A(@xb)x3)=A(@E.S) - (b.SA
V=MAG+2)+k)-4(+]+2Kk)

(©) g=-1-k

Fxb=cxb
Taking cross product by 3
(T xb)xa =(Cxb)xa
= ([fd)b-(bd) =Ea)b)-(b.ax
= 0-T=C1-3)-1+])-()i+2j+3k)
f=-31+6]+3k

ftb=3+6=9

@) \*—"2 +\E—er +fe-a =9

— 6-23ib=9

a2 +2%a.b>0

- 3
Yab>——
2

for equality | 3 +b+¢|=0

= d+4b+c=0
5b+5¢=-53
28+5b+5¢=-33

2a+5b+5¢|=3a-3
b)) @+b)xQi+3j+4k)=0

= d+b=aQ1+3j+4k)

29.

| @+b/=+29 = /=1
a+b= (2Ai+3}+4f<)

@+b).(71+2j+3k)

=-14+6+12=4
da+b=PR &5—6:65 S R
PR+QS . PR-QS b
P 4 Q
a= j-3k & b=1+2]+k
2 -1 -3
Volume =1 2 1
1 2 3
24)+(3-1)-3(2-2)
8+2=10
Z
C B
D A
O
R
/ Q
X
S P

O is at the centre of cube
ABCDPQRS

The 8 vectors will represent

OA, 0B.....OD, OP, .......0S
any three out of these 8 will be coplanar
when two of them are collinear. There are 4 pairs of
collinear vectors
OA & OR, OB & 0S, OC & OP, OD & 0OQ
(it will generate 4 x 6 =24 set of coplanar vectors) rest
of the combination of 3 vectors will form three edges
of a tetrahedron so they will be not coplanar.

So number of non-coplanar vectors
'C,-4.6=32
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30

36.

. (P) Given [ bd]=2
R@xb) 3(bxc) €xa)]
=6[axb bx¢ ¢xa]=6[@ b ¢} =24
(Q) Given @ b¢él=5
B@+b) (b+3¢) 2C+a)]

=12[@ b ¢]=60

1 B

(R) Given E| axbl =20 = | axb| =40
T L
‘E(2a+3b)><(a—b){:5‘0+3bxa—2axb

1 -5 .5
=—| -Saxb|=—] axb|=—40=100
2 2 2
(S) Given| @axb| =30
| @+b)xa| =| 0+bxa| =30

. Let the equation of the plane ABCD be
ax + by + cz + d = 0, the point A" be (a, 3, v) and the
height of the parallelopiped ABCDA'B'C'D' be h.

| ac+bB+cy +d|

\/a2 +b? +¢?
= ao+bp+cy+d=+0.9h+/a® +b% +c2
locus is ax, + by + cz+d=+0.9h+/a? + b% + ¢?

locus of A" is a plane parallel to the plane ABCD.

= =90%.h

X y z )
As —+g+—=1 cuts the coordinate axes at
a c

A(a,0,0),B(0,b,0),C(0,0,c¢)

and its distance from origin = 1
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37.

39.

o arzta =l e @

where P is centroid of A

a+0+0 0+b+0 0+0+c
Px,y,2)= 3 T3 T3

o~ x=2y_P,_c
3,}’ 3’ ..(2)

3

Thus, from (1) and (2)

L+L+1_—l

9 x> 9y2 97>

1 1 1

—+—+—5=9=K
or 2 V2

K=9

Equation of plane containing the line,
2x—y+z—-3=0and3x+y+z=5is
2x-y+z-3)+A(B3x+y+z-5)=0

= QHBAM)x+(A-Dy+(A+1)z—3-51=0

Since distance of plane from (2, 1, —-1) to

above plane is 1/ J6

|6x+4+x—1—x—1—3—5x|=1_
C Were2pso-1prar1p| Vo

= O6(A—1P=11A+120+6
= A=0 24
s

Equation of planes are,
2x-y+z-3 =0and 62x+29y+19z-105=0

(A) Solving the two equations, say i.e.,
x+ty=|ajandax—y=1, we get
7| al +1 | a| -1

_ c =
a+1 Oandy a+1

>0

whena+1>0;wegeta>1

a,=1
(B) We have, 3 =oﬁ+[3}+yf<
= 5.1A<=y
Now, k x (k x @) = (k.a )k — (k.k)a

= yk — (@1 + Bj + vk)
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40.

= ai+fj=0

= a=p=0
Alsoa+B+y=2
= y=2
i 2 (2
© [[(1=y")ay|+[(y* - 1)dy
0 0
1 , 4
=2](1 -y )y =+
0 3
1 0
Also  [[VI=xdx|+]|] V1 +xdx
0 J

1
=2[~1 —deZ%
0

(D) sinAsin B sin C + cos Acos B

< sinA sinB + cosA cosB = cos(A — B)
cos(A-B)>1

cos(A-B)=1

sinC=1.

L4 U

A iol tan”! [l—zj =t

- 2
()
= 5 472 —1+1

itanl{(2i+1)—(2i—l)}
3 1+Qi-1)2i+1)

i

= (tan"'3 —tan'1)+(tan'5 — tan"'3) +....
+ {(tan' 2n+ 1) —tan' 2n— 1))

t=lim (tan"' 2n+1)—tan' 1)
n—oo

= [im tan™! (—2n ] _r
n—o 1+2n+1 4

tant=1.

1 —tan? 9—1

(B) We have, cos8, = 2 a

1+‘[an26—l b+e

- tanz(e—lj :b+c—a
2 b+c+a

1—tan26—3
2 c

2973:a+b

Also, cos 0, =
1+ tan

0 at+b-c
an2—3 g7 =

t =
= 2 a+b+c
0 0
2 Y 2 Y3
tan® —+tan® —
= 2 2
__2b _2b_2
“a+b+c 3b 3

{as, a, b, carein AP
= 2b=a+c}
(C) Line through (0, 1, 0) and perpendicular
to plane x + 2y + 2z =0 is given by
x-0 y-1 z-0
1 2 2
P(r, 2r + 1, 2r) be the foot of perpendicular on the

=T

straight line then
r.1+Q@r+1).2+(2r).2=0

r=-=
= 9

(_Ei_i)
Pl79° 979

Required perpendicular distance

4+25+16 5 .
=,[——— =—unit.
V81 3

a b C
41. LetA=|b c a
c a

= _2—1 (a+b+c)[(a-b)>+(b—c)*+(c—a)]

(A) Ifa+b+c#0 and a®>+b*+c*=ab+bc+ca
= (a-b)*+(b—c)+(c—a)3’=0
= A=0 and a=b=c=#0

= the equation represent identical planes.

(B) a+b+c=0 and a’+b>+c?#ab+bc+ca

= A=0

Since all the three planes pass through (1,1,1)

So equation of the line of intersection of these
x-0 y-0 z-0

1-0 1-0 1-0

plane will be
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(C) a+b+c#0anda®>+b*+c?2ab+bc+ca
= A=0

= the equations represent planes meeting

at only one pointi.e. (0,0,0)

(D) a+b+c=0anda?+b*+c?=ab+bc+ca
= a=b=c=0
=

the equations represent whole of the

three dimensional space.

43. Dr'sof
L ,=0,-4,-4
L,=0,-2,-2
L,=0,2,2
So all the three lines are parallel

Hence St.-I is false

I -1 1
Nowa=|l 1 ~1j=0
1 -3 3

so there will be no solution.
Hence St.-1I is true.
Paragraph for Question 44 to 46

x+1 y+2 z+1
3 1 2

44. L, :

L. x-2 y+2 z-3
ER | 2 3

a vector perpendicular to L; & L, will be

i j k
=3 1 2|=—4-7j+5k
1 2 3
Hence unit vector = —i-7j+5k
543

45. Shortest distance
(—i—7j+5k): 17

53 543

46. Eq. of plane —-(x+ 1)-7(y+2)+5(z+1)=0
x+7y-5z+10=0

= (3i—4K).

- 13
distance from (1, 1, 1) = 1+47-5+10 _
543 53
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47. Let DC’s be (cosa., cosa., COsoL)

3ccos’a =1
1

cosa = ﬁ

x—2 y+1 z-2

LmePlel/\/gzl/\/g:l/\/g:k

A 2 A 1}\ 2
G E"
Putting in plane
2 4 . 1 A 2=9
7= +4+ = -1+ —=+2=
NN
4r

\/524

=3
Q=@3,0,3)
(PQP=1+1+1

PQ=f3
48. Let Qbe (1-3p,u—1,5p+2)
= PQ =(3u-2)i+@-3)j+Gu-4k
= PQ.n =0 (where fi is L* to plane)
o (Bu—2)1+(-3). (4)+(5u-4)3=0
= p=g.
49. (A) f(x)=xe""*—cosx
f(0)=-1
F2)=Te
2

[ (x) =xes"™* cosx + esix > ()

=0

SN
N A

1
2
1

k(k—4)—4c+8-2k=0
k2-4k+8-2k=0
k2—6k+8=0

k=2,4

LU 4l
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(©) x=1|+x=2|+x+1]+x+2|=4k

32-1012 3 modulus denotes the
distance of x fix
4k=8,12,16,20 e o em

-2,-1,1,2
- k=2,3,4,5.
Ay
y+1
In(y+1)=kes
y+1=ke*
y+1=2=k
y+1=2e*
y=@e-1)
y(In2)=3.

D) dx

50. Normal vector to the plane containing the

lines ~=Y=2 4 2=
mes 3 4 ) an 4

y_=z.
53 s

=8i-j-10k

w N R

]
4
2

=>
Il
A W =0

Let direction ratios of required plane be a, b, c.
Now 8a —b — 10c =0
and 2a+3b+4c =0

ol ins the line ~=~>=2
(" plane contains the line 273 4)
L a_b ¢

1 -2 1

= equation of plane is x — 2y + z =d
plane contains the line, which passes through
origin, hence origin lies on a plane.

= equation of required plane is x — 2y + z = 0.

1-4-2-q P(1,-2.1
n = [+2j-2k
- o=10,-20
= a=10" 0>0 Q

Now, let Q(a,B,y) be the

foot of perpendicular from P
to the plane x + 2y — 2z = 10
Equation of line PQ is

x-1 y+2 z-1
2 2
= a=r+1,B=2r2andy=-2r+1
Q lies in the plane
(r+1)+22r-2)-2(2r+1) =10

=T

(Let)

r = i
-3
4
foot of the perpendicular is [%,g,—%j

52. Plane containing the line
Direction ratio's of normal to the plane

=—Ai+2]'—f<

W N =0
AW oo
AL B N )

Hence equation of plane 1(x—1)-2(y—2)+1(z-3)=0
Le. x—2y+z=0

As given plane must be parallel = A=l
d-o0
&  distance between the planes > 5 5| \/g
17 4+2° +1
[di=6
53. (A) P(A+2, -2 A+1,A-1)
8
Q(2k+§3—k—3,k+lj
3A+6 =a6k+8) .. @
2r+1=aC-k-3) ... (ii)
2 -2=2ak+1) ... (iii)
(i) + (iii) = -l=ak-a
K= a—1 .
= e (iv)

Put the value of k in equation (iii)
= A=2a

Put the values of A & k in equation (i)

6a—6
6a+6:a( - +8] — 6=6a—6+8a
> a=>
2

305



MATHS FOR JEE MAIN & ADVANCED

Put the value of a in equation (iv) & (V)

(B)

©

306

3

) 1
k:—:— —
3 & A=3

10 10 4
P(5,-5,2) & Q|33 3

2 2 2
S EDEEe
3 3 3
/25 25 4
9 9 9

d=vJ6 = &=6

tan '(x + 3) — tan '(x — 3) =tan”' (%J

tan ™" [—(x +3)-& _3)j =tan™ (ij
11 -9) 4

= 1+x-9=8
= x=44

= x=16

b’ (4-p+p’)=16¢ i)
4b* +8b.C+4c’ =b* +a’

- - 2
3b2 —2ub” +4c> :(ub+4c)
36 —2ub® +4¢* = b +8pub.S +16¢°
b’ (3-2p-p’)=12¢" -2 xb
b’(3 = 2u + ) = 12¢° ...(ii)
4—p+p’ _4
3 2u+p* 3
12-3pu+3u° =12 - 8u + 4y’

W -5u=0
w=20,5

54. (a)

(@ + (i)

I:

%J’f sin 5 x X_4“

nY . X
0sin—cos—
2 2

f(x) = f(n — x)

8 "¢’ sin5x
f < @)

sin X

8 ™ cos5x
I=— f > (i)

COSX

(@ + (i)

/2

dx =3 [ 6 -4sin’2x)dx
T 0

/2 -
Izgj 5@6x
Ty sin2x

87[/2
=— J. 3 -2(1 —cos2x)dx
T 0

87{/2 8 -

=— I (I +2cos2x)dx =—x==4

Ty T 2
-2 y-3 z-5

Line QR: ——=Y"2-2"2
mne : 1 4 1

Any point on line QR :
A+2,4L+3, L +5)
Point of intersection with plane :

SA+10-16A—-12-A-5=1
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2 = k=+2
= A=—= .
3 fork =2
4113 Normal vector 7 = j—k
3’373 Required plane : y —z = A
Also . Passes through (1, -1, 0)
T(2,1,4) = A=-1
oy—z=-1
fork=-2
Q : R o
(2,3,5) [ , (1,-1,4) n=j+k
. Required plane : y + z=A
TQ=TR=./5 -+ Passes through (1, -1, 0)
= S is the mid-point of QR = A=-1
y+z=-1
= S(i’l’gj = PS:L units
2772 2 w-2t+2 PBHt+l  y-3t
55. | = | = N =k
(b) Let required plane be
(x+2y+3z-2)+A(x—y+z-3)=0 (2t 2., t-1,3t)

2
lane is at a distance —— from the
P N

point(3,1,~1). (OtBa"/) x+y+z=3

(3+2—3—2)+x(3—1—1—3)‘ 2 a=k+2t-2
= Ep—
=k—t—1
JO+af + (2= +(3 +2) V3 P
vy=k+3t
oa+B+y=3
, +AP +Q =AY +GB +A) Py
= M= 6 — 4t
3 Ko
= 32=3)24+2A—4h+6L+14 3
7 6 —4t 2t
== a= +2t-2=—
= = 3 3
required plane is (x + 2y +3z—-2) . 6 — 4t o 37t
+[—Zj(x—y+z—3):0
2 6 —4t 5t+6
Y= +3t=
= Sx—-1ly+z=17 3 3
(c) (157150);(71!7190) :>3_a:3l3_3:3y—6
For coplanarity of lines 2 =7 5
2 0 0 :>£:y—3:z—2
—7 5
2 k2120 pe_gy=0
5 2 k
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56. /T= (3,-1,4)+ (1,2, 2t

1

l:oT=(3,3,2)+(2,2, 1)
vector perpendicular to ¢, and /, :

= 21+3j-2k

NN o
- N R

i
1
2

Equation of line £ : t =0 +(-2,3,-20

Point of intersection of fl and /¢ :

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

On solving we get A = -1, t = -1
Point of intersection of £, & ¢ : P(2, -3, 2)
A point on /, at distance of J17 from P :

= (1+28)Y+(6+2)+s =17

= 6-0)(B-0)(2-1)-2)=0
= S-a)a®?-5a+4)=0
= a=14,5

58. For point of intersection of L, and L,

2A+1 =p+4
—h=n-3 = u=1
A=3=2u-3

= point of intersction is (5, =2, —1)

Now, vector normal to the plane is

308

69.

k
2

i, xfi, =|7 —-16G-3j-2k)

|
|
DN = o

-6

Let equation of required plane be
x-3y-2z=qa
it passes through (5, -2, —1)
a=13

= equation of plane is x — 3y — 2z = 13

Direction of OQ = (3, 3, 0)

33
Direction of OS = 3

272
3x%+3><%
cos O = > >
N3 +3° (3j +(3j +3
2 2
1
B

Hence (A) wrong.

For option B

wm ur i ] k
Normal of plane OQxOS==%|3 3 0
33,

2 2

= +(9i- 93‘)
Equation of plane passing origin is 1r111 =0

(xf+y3+zf<).(9i—9j) =0

= x-y=0
For (C) Perpendicular from P(3,0,0)tox—y=0
NEE NS
JELE] V2
Equation of RS is ~— = 1—> =2~
quation o is i_o_é_ =320
2

x_y3_z

37373

2 2

Angle between line RS and OR
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70.

71.

0+3(—3j+0
2

1
e

2

Distance = OT =OR sin 0
= 3,[1—l=3\/§=\/E
6 6 2

Letimage (x, Y, )

x-3 y-1 z-7 (3—1+7—3J
1 -1 1 P+ +1°
P(XaY:Z):(—1,5,3)

Plane passing through P(-1, 5, 3) is

a(x+1)+b(y—5)+c(z-3)=0 (@)
Given (0, 0, 0) satisfy
= a-5b-3¢c=0 ....(ii)
andax1+bx2+cx1=0
a+2b+c=0 ....(iii)
a b ¢
f i) and i) 2= 2 =%
rom (ii) an (m)1 7
putin (i) (x+1)-4(y-5)+7(z-3)=0
x—4y+7z=0
v
o
0
u

Given condition & is perpendicular to i x ¥

As |ﬁ X \7| =1 and angle between u and v can change
= infinitely many choice for such v.

wis 11
= u-+u+tu=0
If § inxyplane
u,=0.
fu,[=u

UJ

il

= ((@xb).¢)" = (absin0c. )’ =~ =

=a+b =

L I

MOCK TEST (VECTOR)

al a2 a3

= 7 oa2
b1 b2 b3 = [a b C]
Cl CZ c3

(312 +a§ +a§) (b12 +b§ +b§)

D)
Volume of the parallelopiped formed by @', b', ¢ is4

— 1
Volume of the parallelopiped formed by a, b, C is 1

e (C'xa)xc 1 _,
c = 2 =58
|BXE|:£:—1

4 242

1 1
length of altitude = — x 24/2 = —&—.

A vector along the angle bisector

(—4i +3k) . (14 +2j-5k)
5 15

_ 12149k +14i+2j-5k _ 2(i+j+2k)

15 15

d=1+]+2k

©

f.d=0,|txb|=|T| |b| and |FxZ|=|F||C|

= Trla,b,¢

a, b, ¢ are coplaner.

|ACP” = | 2ABF

|41+ (4x—2)j+2k [ =4 |G +xj+3K) P
16+ (4x-2)+4=4(1+x219)

20+ 16x>+4—-16x=4+4x*+36
12x>—16x—-16=0

3x2—4x—-4=0
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= x=2,-=- ...
X . 3

angle between AB and AC is
AB.AC _ AB.AC

cosf= —— = "——
| AB| |AC| 2| ABf

11 (i+xj+3K). (4i+(4x=2)j+2k)
14 2(1+x°+9)

_ 4+x(4x-2)+6

0 2x% 420

= 11x2+110=70+28 x> - 14x

= 17x>-14x-40=0

20

x:2,fﬁ ....... (ii)
from (i) and (ii)
x=2
6. (D
Bxd B4k
a:aaa =
[abc] 2
7.

z
OE=3V2i+6]

12
cos 0=
V1224
oo L
cos \/5
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10.

11.

12.

B)

Let T=(bx¢)+m(¢xa)+n(daxb)
f.a=/[abd]

= /=1

similarlym=2 ,n=3

T =(bx¢&)+2(Exd)+3(adxb)

n-l__ _

> OAixOAi.

R Os + OB s <ORs oot Olon x O
=(n—1) (OAI xOA,)

=(1-n) (O_A.ZXO—IAI)

B)

S, a3 and )3 are parallel vectors.

S,: @ . b may take negative values also.

S,: [@+b)x(@—b)| = |—(@xb)+(bxd)| =2 |bxa
S, :(@xb) = (@xb) . @xb) = & . (bx(@xb)

)

ol
o

1=}

i ((b.b)a-(.b)

.b)(b.a)

o

(3a.3)(b.b)—(
3i-2b+¢-2d=0

sum of coefficient=0 = &,b, ¢, d are coplanar

B C
Also  2b+2d =33 +¢
b+d 3d+¢
:> —_—
2 4
(A,B,D)

(A-1)(a,-a,) tu(@,+a,) +y(a,+a,—24,) +
a,+0a, =0
ie. A—1)a, +(1-A+p-2y)a, +(ut+y+1)a,
T(r+8)d, =0
Since a,, a,, a,, a, are linearly independent
A-1=0,1-A+p-2y=0,u+y+1=0and y+6=0
ie. A=1,u=2y,u+ty+1=0,y+3=0
1 1

2
Le. 7»:1,;1:75,1/:75,6: 5
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13.

14.

GV

(B)

©

D)

D)

15.

16.

ax(bx¢) = (a.6)b — (3.b)C = (xy +yz + zx)

{(y-2)i+(z-x)j+(x-y)k}

all the option are correct

(A,C,D)
ax|ax(@xb)| = ax[(@bya-(@.ab|

=— (3.4) (@ xDb)

(A) is not correct

<
o)
Il

(=1}

= y=Qorvla
V.b=0 = v=0orvlb
v.¢=0 = y=0orv.c
v=0 or Vv.1ahb,¢
v=0

(@xb).(Exd) =0
statement is incorrect

- =y

axb' +b.c'+¢.a =0.

(Property of reciprocal system)

is incorrect

Since a makes obtuse angle with z-axis

sin 2a

V149 +sin*2a <0

Le. sin2a<0

. T 3n
either — <a<mor — <a<2n ... (i)
2 2
since b and ¢ are orthogonal
tan’a,—tan o — 6 =0
ie. tanaa=3,-2 .. (ii)

from (i) and (ii), we get
tana=-2

oa=n—tan!'2 oro=2mw—tan'2

B
Both the statements are correct but statement—2 is not

correct explanation of statement—1 because vectors

B, ¢, d in statement—1 are coplanar.

17

18

19.

20.

21

- D)

Statement—1 is false and Statement-2 is true.
Since & .(b x ¢) =0
a, 6, C are coplanar

- (B)
Statement-I is correct and Statement — II is correct but
Statement — II is not correct explanation of Statement — [

@A)
33— 2b+5¢—6d = (24 —2b) + (=53 +5¢) + (63 — 6d)
= —2AB+5AC-6AD =0

AB , AC and AD are linearly dependent,

Hence by statement-2, the statement-1 is true.

D)
o [@i+)-3k).Gi-)) 3i-]
Statement - 1 b1 = |3i—3| |31_3|
_3
2 2
- ~ 307 13 a
b, =2i+j-3k-—+<-=—-+=-3k
2 2 2

statement is false

Statement - 2 is true

(A)->@0®, B)->/P, O->(@, D)->(s)
(A) 346 = ] and 2a—6—3i+%
S B
a 1+2,b 1+2
cose—fg
5

(B) |a+b+¢|=+/6

= a’+b>+c*+2a-b+2b-¢+2¢-3a =6

la|=1
ik
© |3 1 -2/=_2i-14j-10k
1 -3 4
. Area= 53

311



MATHS FOR JEE MAIN & ADVANCED

(D) 3 is perpendicular b+¢= d-b+a-¢=0 ...(0)

b is perpendicular 3 + ¢

= b-é+b-¢=0 e (i)
¢ is perpendicular 3 +p
= ¢-a+¢é-b=0 ... (iii)

from (i), (ii) and (iii) we get

=b-¢=¢-a =0

=1
[on]
ol

+b+¢|=7

o)

|
22. (A) > (s), (B) = (p), (C) = (r), (D) > (t)
(A) OA=i+2j+3k, OB=-2i+j-4k,

OC =3i+4j-2k

l — = 1218
Area:E|AB><AC| T,

(B) ((xb)x¢).d + ((bxc)xa).d + (Exa)xb).d =0

Q :....‘:..’,.
©

P Q
taking P as origin position vector of Q, R and S are
Pi, Pi+Pj, Pj

equations of PQ’ and RS are f=t(i+j+\/§f<) ,

T=Pi+Pj +Ai

shortest distance =

S

k=2

D) @.¢) (b.d) - (b.¢) @.d) =21

23.

1. (B)

i = (2i+3j_6g).w 2i-3j+6k
7

—41

=20 (21-3j+6k)

312

I s on e (<21+3]+6k)
- | @i-3)+6k)y——2
4, =75 (( j+6k) 2

(=21 +3]+6Kk)

7
—41 N
:T)z(—4—9+36) (—2i+3j+6k)
943 ~ A =
=20 (2i-3j-6k)
2. (A)
-~ T —41 20 N P r
a,.b= 29 (2i—-3j+6k). (2i—3j+6k) =—41
3. (0O

a,a,, b arecoplanar, because a,, b are collinear.

24. BL =

Let AP =A AL and P divides DB in the ratio p:l—p
D 1:2

AP =LA +=Db @)

v x
hen 3

Also AP =pa+(l-pb

A -
from (i) and (i) A a + 3 b=pad +(1-pb

A
A=p and T =1-p
3
3
4
P divides AL in the ratio 3 : 1 and P divides DB in the
ratio3: 1

similarly Q divides DB in theratio 1 : 3

1 1
thus DQ= ZDB and PB= 1 DB
1 .
PQZEDB iLe. PQ:DB=1:2
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25
1. (A)

The diagonals are

d, =33-2b+28 +(-a—28)=24-2b

ol

,=33-2b+28 —(-4-28)=4a-2b+4¢

X+ 9=2b-3¢ and ¥+ 7 = —24+3b-3¢

i b ¢
E+y) x (y+z2)=| 0 2
-2 3 -3
o unit vect 735+6B+4é
requied unit vector = \/a
3. (A)
2 3 4
1 2 -1|=0
x -1 2

(2a—-b)+A(@+b) =(d+b)+n(2i — b)
= 2+A=1+2u, —1+A=1—-pn

= pu=1,r=1

The point of intersection is 3 @

5. (B)

3| = 33a+6b+4¢

26.

27.

28.

29.

(50)
I |
V,=[abc] szz[abc]
1 4.—4.
V3:g[abc]
1 1
VI:VZ:V3:1:E:E
=6:3:1
1 -1 -6
V1:1 -1 4 |=1(-3+20)+1(3-8)-6(-5+2)
2 -5 3
=17-5+18=30
SV AV 4V, =30+15+5=50
vfl abc
—6[a ¢]
i+b b+c ¢+a d+b+¢
The centroid are a+b’ b+c’ , atbrc
3 3 3 3

@

Equation of line L, is 71+ 6j+2k +1/ (=3i+2j+4k)
Equation of line L, is 51+43j+4k +u (2i+]+3k)
CD =2i+3j-2k + A (=31+2j+4k)— n (2i+j+3k)
since it is parallel to 21 —2j—k

2-3A-2u _3+2h-pu 2440 -3p

2 B -2 -1
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A=2, u=1
CD = —6i+6j+3k
|ICD| =9
30. (13)
Let OABC be the tetrahedron. Let G be the centroid of

1
the face OAB, then GA= —= AC.
NG

Th G—G—A— !
en cos A&

c0s%0 =

W | —

and b=3

a=1
10a+b=13

314

B MOCKTESTG-D) oy

Anypt.onlineis BA+2,24—1,1-2)
but it lies on the curve xy=c> & z=0
= (BA+2)2A-1)=c2&1-A=0
= (GBGA+2)Q2r-1)=c &A=1

c:i\/g

= =5 =
A
Foot of perpendicular from point A (2) on the plane

Fi=dis a4 5
1|
Equation of line parallel to T =2 + A b inthe plane

T.n=d is given by

Position of pt. after t hours is (2t, — 4t, 4t)
Position of pt. after 10 hours is (20, — 40, 40)

Distance from origin

= J(20)" + (40’ + (40)’ =60km

D)
P =P,=0,P,=P,=0and P,=P,=0are lines of intersection
of the three planes P , P, and P..

As 1, 11, and ny are non-coplanar, planes P,P,and P,

will intersect at unique point. So the given lines will pass
through a fixed point.

Let OA = éli+mlj+nlf<, OB = Ezi+mzj+n2f< and

oC = €3f+m3j+n312 be mutually perpendicular
vectors.

Let OP = fi+ m} +nk beequallyinclinedto OA, OB

and OC .
Then

OP =0A + OB + OC = X/i+Xm,j+Xnk
[OF[ = (T, + (Zm,)" + (Zn,)

=3+22(/(,¥mm,+nn)=3
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O+l +0,

m +m,+m, .
A 1 2 307
1+

\/g J

n, +n, +n,

NG k

)
Let 6 be the required angle then 0 will be the angle

between @ and b+¢ (B+6 lies along the angular

bisector of 4 and b)

a.(b+¢)

cos9 = 715 +c|
_ 2cosa cosa
J2+2cosa cosg

9—0051( cosal J
coso/2

Circle passing through A (1, 0, 0) ; B(0, 1, 0) and C(0, 0, 1)
will be greatest circle of sphere
= circumcentre of A ABC will be centre of circle as well
as of sphere, but since AABC is equailatral

centre of the sphere is centroid of the AABC

centre of the sphere is D (l,l,l)
333

6
AlsoradiusAD=BD=CD = \/;

Equation. of sphere

SN N

= 9X*+y*+Z2)-6(x +ty+z)+3=6
= 33Xty +2)-2(x+tyt+tz)—1=0
= 3Yx*-2>x-1=0

(2V)

A(1,1,1),B(2,3,5),C(-1,0,2) directions ratios of AB are
<1,2,4>

direction ratios of AC are<-2,—1, 1>

direction ratios of normal to plane ABC are <2,-3, 1>

10.

11.

Equation of the plane ABC is 2x -3y +z=0
Let the equation of the required plane be 2x — 3y +z=Kk,

then

k
V4+9+1
k=+2+/14
Equation of the required plane is 2x — 3y +z+2 J14 =0

~ A A

i ] k
Consider AP x (€§+mj+nf<) =|p—-a q-b r—c
/ m n
=Y (n(g-b)-m(-c)) i
P(p, a., r)
A(a, b, c) M <t m, n>

MP?= | AP x (£ +mi+nk) |
=> {n(q—b)-m(r—c)}?

@A)

S : true by definition

S, : false (because by the given condition, at least one
point may lie on the plane)

S, : true (Standard result)

-11-3

\J9+36+4

S, : True shortest distance =

(A,B,C)
x+ty+z-1=0
4x+y—-2z+2=0
direction ratios of the line are <-3, 6, -3 >
le. <1,-2,1>
Let z=k,thenx=k—1,y=2-2k
ie. (k—1,2-2k, k) is any point on the line

11
(-1,2,0),(0,0,1) and (—2, 1, 2} are points on the line

(A), (B) and (C) are correct options
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S,:LetS=x>+y*+72°-2x-4y-2z+2=0

2. C—D:aa+bb Then S, =4+1+1-4-4-2+2=-2<0
a+b .
Statement is false
61\7125+b S, : Let<a, b, c > be direction ratios of the line, then
2 atb+c=0
4a+b-2c=0
1 — —
area(ACDM):E|CDXCM\ e a_ _ b __°
21T 442 T 1-4
L
4 (ar) [@FEDX@E+D) o, 2-2_° ;2 b ¢
3 6 3 1 2 1
1 .
= Statement is true
~ 4(a+b) l(a—b) (axb)
15. (A, B)
_ % . a—E % |5><B| _ 1 a—E ar (AABC) Equation of required plane is
a+ 2 a+ (x+my+iz=0 ... (i)
ar(ACDM),la_b,lt A-B tA+B angle between (i) & /x + my = 01is a.
ar(AABC) ~ 2 a+b 2705 T 7 rm?
= coso =
13. (A,B) \/€2+m2\/£2+m2+7f
3x-6y+2z+5=0 ... (1) L /2 +m?
—4x+12y-3z+3=0 ... (i) = cos‘a = ESINE

3x—-6y+2z+5 _ —4x+12y-3z+3 = A=1 /2, p? tana
J9+36+4 V16 +144+9

) ) Hence equation of plane is
bisects the angle between the planes that contains

the origin. {x+my+z /> +m’ tana=0

13(3x—6y+2z+5)=T7(—4x+ 12y -3z +3)

39x - 78y +26z+ 65=—-28x+84y—-21z+21

67x—162y+47z+44=0 ... (iii)

Further 3 x (—4) + (—6) (12) +2 x (-3) <0
origin lies in acute angle

16. (A
S,: (1,2,-1)isapoint onthelineand 11 +3 -14=0
The point lies on the plane 11 x-3z—14=0
Further3x11+11(-3)=0
The line lies in the plane

14. (B) S, : obviously true
1-1 742 —4-3| [0 9 =7 17. (A)
S :Since | 2 5 7 =12 5 7|=16=0 > 2
1 - -PB=9>
: 5 ; L 2 3 Statement -1 PA 9>0

P is exterior to the sphere
Statement -11 is true (standard result)
S, : by the given condition

4+2 13-3 1-5
3 5 2

Which is not true
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18. (D)

>

—-

j
Statement-11: Tx(1+2j-3k) =|X ¥
1 2

= i(3y-22)- j (-3x-2)+ k(2x-y)
—-3y-2z=2,3x+tz=-1,2x-y=0

Le. —6x—2z=2,3x+z=-1
straight line 2x—y=0,3x+z=-1

i j k
Statement -1 : f><(2§—3+3f<) =X y z
2 -1 3

=1GBy+2)— ] 3x-22)+ k (-x—2y)
3y+z=3,3x-2z=0,—-x-2y=1

3x-2(3-3y)=0
= 3x+6y=6
= x+2y=2
Now  x+2y=-1,x+2y=2are parallel planes

TX (21 - 3 + 312) = 3i+k isnota straight line
19. (A)

2-3¢2 | 1

. .
sme7|\/4+9+4\E| NG

Statement-1 is true, Statement- 2 is true by definition

20. (B)
Statement - 1
3y—4z=5-2k
—2y+4z=7-3k
31-13k
4

x=k,y=12-5k,z= is a point on the line

for all real values of k.
Statement is true
Statement - 2
direction ratios of the straight line are
<bc' —kbc, kac —ac’, 0>
direction ratios of normal to be plane <0, 0, 1 >
Now 0 % (bc"—kbc) +0 x (kac—ac)+1x0=0
the straight line is parallel to the plane
statement is true but does not explain statement - 1

21. (A) = (s,t), (B) = (p,t), (C) = (q), (D) = (r)
(A) Both the lines pass through the point (7, 11, 15)
(B) <2, 3, 4> are direction ratios of both the lines. Also

the point (1, 2, 3) is common to both
The lines are conicident.

(C) <5, 4 -2 > are direction ratios of both the lines
The lines are parallel.
x=2+5A,y=—3+4A,z=5-2A
2450=7  3+44r-1 5-2A-2
5 4 2

Also

. L, 3=
le. A—1=Ak-1= D)
no value of A

Thus the lines are parallel and different.

(D) <2,3,5>and <3, 2, 5> are direction ratios of first

and 2" line respectively.

The lines are not parallel.

x=3+2\, y=-2+3A,z=4+5\

x=3+3u, y=-2+2u,z=7+5u
are parametric equations of the lines.
Solving3 +2A=3+3u and -2+3A=2+2p

12 8

th=—, p=—
we ge s R=3

Now substituting these values in4 + 5L =7 + 5u
weget 4+12=7+8 ie.

The lines do not intersect

16 = 15 which is not true.

Hence the lines are skew.

22. (A)=>() (B)=>(p) D)—>(q

(A) Letthe foot of perpendicular be Q(2 + 2A, 1 +3A, 2+41)
20+ 1)+33A-1)+4(4r-1)=0

(OrdU)

5
290=5 = A==z
9
68 44 78
Foot = 2972929 (A) > (s)

(B) Let the image be the point (a, b, ¢), then from

previous solution

I1+a 68 2+b 44 3+c 78

2 290 2 20" 2 T a9

, 107 30 6

ie. a:E,bIEandCIE S (B)—>(p)
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c x=2 y-3 z-5  4+49-20+17 -10
()2*3*—4" 4+9+16 29
_ 38 b*ﬂ d c=— C)—(t
a= 5" 5 and c= 29 ©)—> (1)
b Xx-2 y-5 z-1 2(6—10+4—5J£
) =3 -2 4 29 29
.0 _8 20 15 N6
XTeT 9 T 290 T2 T 97 2907 T 29 29
(D)—(q)
23.
1. (D)

shortest distance between both lines

—_ = =
—_— O o

1 1

Jar9+1  Jia

2. (B)
Equation of plane P

x—-2 y-1 z+1

1(0—-2)—0(=1-2)+1(1-0)
- 2i+3j+k

1 0 2 =0

1 1 -1

—2(x=2)+(y-DE)+(z+1)=0

—2x+3y+z+2=0

2x—-3y-z-2=0
Now image of point 0(0, 0, 0) in plane P
x=0 y-0 z-0 -2(=2)

2 =3 -1 449+l
x_y_z_4

2 3 -1 14
Image point (i _—6 —_2}

gep 77777
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3. (0)

00,0, 0), A(1, 0, 0),B(o, ‘?2 : 0) ,C(0,0,-2)

1) — — ——
volume of tetrahetron OABC = g ‘ [OA OB 0OC]

1 : 0 0 4 2
=—10 2/3 0|=—=2 i
6 18 9cuumt
0 0 -2
24.
NI
I,A:%\EXE\ZEH 10| = |i+2j+k| = 6
-2 0 2

2. H(o, B,7) = AHLBC,BHLCA

= y-coordinates is 5

4. P(x,y,2)
= X+y?+22=(x-2)}+y*+27?
=X H(y- 1P+ 2 =Xty +(z-2)

1
= x:1,y:§,z:1

P(Ll,
2

. wWt+vm+wn=0
al?+bm?’+cn’=0

2
a€2+bm2+c{_w} =0
w

3
1), A2.0,0) = AP=>

= (aw?+cu?)*+ (bw? + cv)m? +2 cuv /m=0
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26.

2
= (aw?+cud) (ij + (bw? +¢cv?) + 2 cuv (ij =0
m m

putu=v=w=1 inequation, then
(atc) ~ +2¢ m +(b+c)=0
2
m m
similarly (a+b) (zj +2a (;j +(c+ta)=0

nY n
and (b+¢) [zj +2b(zj +(a+b)=0

&‘_2 a+b
gl £2

=

From equation (ii)

N mm
similarly b1+2 =—12=
c

nln2
a+b

c+a

mm, _ c+a
00, b+c
From equation (iii)
ZIKZ
b+c

_ mm, nn,

3 {,0,+mm,+nn,
a+b (b+c)+(b+c)+(a+b)

c+a

-~ lines are perpendicular

Ll +mm +nn =0
then (b +c¢) + (¢ +a) + (a+b) must be zero
2a+2b+2c=0 = a+b+c=0

Letp.v. of Pbe (p) & thatofA,B,Cbe 3, b, ¢ with
respect to origin 'O".
PA2+PB2+PC2+P02=4p>+3-2 P.(da+b+¢)

U 1al=1bl=Ie|=1}

For above to be minimum P .(a+b+¢) should be
maximum

Whichis=|P||d+b+¢|

Further |d+b+3|=ya’ +b> + ¢’ +2(@.b+b.c+¢.4) =3
c(<)

* P(P)

27.

28.

29.

PA2+PB?+PC?+P0O?=4p>+3-2p.3

3V 3
—lop-2| 42
(p 2j+4

3 -
Whose least value is 1 when |p| =

Hence

S| w

& P||a+b+¢

(V)

Let equation of a plane containing the line be
l(x—1)+m(y+2)+nz=0
then2/-3m+5n=0 and /-m+n=0

the planeis2(x—1)+3 (y+2)+z=0
le. 2x+3y+z+4=0
a=2,b=-3,c=1
cOsez% ....... @)
x*+x*—4x-4=0
{+m+n=-1
/m+mn+nl=—4
({+m+ny=~r+m>+n’+2(—4)
= f+m*+n’=1+8=9

cosO = — 5

4
acute angle between the lines is cos™ 9

3)
F=31+8j+3k+AGBi—j+K) (i)
T=-31-7j+6k+uw(-31 +2j+4k) (ii)

Let L and M be points on the line (i) and (ii)
respectively

So that LM is perpendicular to both the lines.

Let position vector of L be

3T+8]+3E+x0(3f—]+12)

and the position vector of M be

31 —7]+6K+p, (=31 +2)+4k)

then LM = —6?—1534—312 - 7»0(3Y—3+E)

+1, (-31 + 2] +4K)
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since LM is perpendicular to both the lines (i) and (ii)
IM- (3i—j+k) =0and LM- (<31 +2j+4k) =0
Thus =18+ 15+3 -2 (9+1+1)+p, (-9-2+4)=0

le. =11A=7Tp,=0 .. (iii)
and 18-30+12-A (-9-2+4)+p, (9+4+16)=0
ie. 74 +29pu,=0 L (iv)

from (iii) and (iv) we get
Ao=K,=0
LM = —6i —15]+3k
|LM | = 36+225+9 = /270 = 3430

position vector of L is 31 +8]+3k
equation of the line of shortest distance (LM) is
T =31 +8]+3k+A(=6i —15] +3k)
30. LetAbethe point (2A+ 1,41 +3,31+2)
so that AP is parallel to the given plane.
Then3Q2A+1-3)+2(4r+3-8)-2(3A+2-2)=0
= 8r=16
A=2
Therefore, Ais (5, 11, 8)

PA=[(5-3)’ +(11-8)* +(8-2)°

=y44+9+36 =7
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