Vector & Three Dimensional Geometry / “_

- -

IVectors & Three Dimensional Geometry I
What if angry vectors veer Round your sleeping head, and from. There’s never need to fear Violence of the poor world’s abstract storm. ... Warren,
Robert PennNature is an infinite sphere of which the centre is everywhere and the circumference nowhere .. Pascal, Blaise

Vectors and their representation :

/l <——— Terminal point
A—> initial point

Vector quantities are specified by definite magnitude and definite direction. A vector is generally

represented by a directed line segment, say AB. A is called the initial point and B is called the
terminal point. The magnitude of vector AB is expressed by | AB |.

Zero vector :

A vector of zero magnitude i.e. which has the same initial and terminal point, is called a zero vector. It
is denoted by O. The direction of zero vector is indeterminate.

Unit vector :

A vector of unit magnitude in the direction of a vector a is called unit vector along a and is denoted by

I8

a , symbolically a =

Ql

Equal vectors :

Two vectors are said to be equal if they have the same magnitude, direction and represent the same
physical quantity.

Collinear vectors :

Two vectors are said to be collinear if their directed line segments are parallel irrespective of their
directions. Collinear vectors are also called parallel vectors. If they have the same direction(_>_>)
they are named as like vectors but if they have opposite direction (=) then they are named as
unlike vectors.

Symbolically, two non-zero vectors a and b are collinear if and only if, a=M\b, where . R

- = 2 - ~ - - -~ a a a
d=1b < (ai+a,j+ak) =2 (bi+bj+bk) <a =1b,a,=1b,a =1b,= pl=r= s (=)
1 2 3
- R 2 ~ = 2 s - . Y a, ag
Vectors a =a,i +a,] + a;k andb =b,i + b,j + b;k arecollinearif —= —= =—
1 2 3
Note : If 4,0 are non zero, non—collinear vectors, such that xa+yb=x'a+y'b=x=x', y=y’,

(where x, X, y, y’ are scalars)
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Vector & Three Dimensional Geometry / “_
Example # 1 : Find unit vector of i — 2] +3Kk

Solution : a=i-2j+3k
if d=ai+a]+ak then|ad| = a,a2+a2+a2
3] =V14 = @ a=-= 2

-m wm

Example#2: a =(x+1) i —(2x+y) j+3k and b =(2x—1) i +(2+3y) | + k
find X and y forwhich & and b are parallel.

Solution : a and b are parallel = x+1 _ —(2xty) % =  x=4/5,y=-19/25

2x -1 2+3y

Coplanar vectors :
A given number vectors are called coplanar if their line segments are all parallel to the same plane.
Note that “two vectors are always coplanar”.

Multiplication of a vector by a scalar :
If a is a vector and m is a scalar, then m is a vector parallel to a whose magnitude is |m| times that
ofa . This multiplication is called scalar multiplication. If a and a are vectors and m, n are scalars,

then :
(i) m (a)=(a) m=ma (ii) m (na)= n(ma) = (mn)a
(iii) (M+n) a=ma + na (iv) m (a+b) = ma + mb

Self Practice Problems :

(1) Given a regular hexagon ABCDEF with centre O, show that
(i) OB — OA = OD - OE (i) EA =2 OB + OF (ii) AD +EB +FC =4 AB

) Let ABCDEF be a regular hexagon. If AD =x BC and CF =y AB then find xy.

(3) The sum of the two unit vectors is a unit vector. Show that the magnitude of the their difference
is\/§ .
Answers : (2)-4

Addition of vectors :

(i) If two vectors @ andb are represented byOAand OB , then their sum a+b is a
vector represented by OC , where OC is the diagonal of the parallelogram OACB.

(ii) a+b = b+a (commutative) (iii) (a+b)+c=a+(b+c) (associative)

(iv) a+0=a=0+a (v) a+(-a)=0=(4a+a

(vi) |a+b|<|a|+|b| (viij  |a-blz[|a|-|b]|

Example # 3 : The two sides of AABC are given by AB =2i +4j+ 4k, AC =2i +2] +k . Then find the
length of median through A.

Solution : Let D be mid point of BC
In AABC, AB + BD = AD = AB %—c AD A
- AB+(AQB+BC) v
. ABerAC e :>|AT)|=|4|+62]+5k|=\/7_7 . / c
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Example #4 : In a triangle ABC, D, E, F are the mid-points of the sides BC, CA and AB respectlvely then
prove that, AD =— (BE + CF).

Solution : AD=3GD =3. > (G—B +GC) where D is mid-point of BC E E

_ 3 F@iﬁ} _(BE + OF)
2 13 3

Position vector of a point:

Let O be a fixed origin, then the position vector of a point P is the vector OP. If @ and b are position
vectors of two points A and B, then

AB = b-3 = position vector (p.v.) of B — position vector (p.v.) of A.

B(b)
DISTANCE FORMULA b_3
Distance between the two points A (3) and B(b) is AB = ‘ a-b ‘ A(a)
SECTION FORMULA 0

If & and b are the position vectors of two points A (1, y1, z1) and B(x2, yz, z2),

then the p.v. of a point R which divides AB in the ratio m: n is given by r = ni1n+ mnb
+
Here R — (nx1 £MXp Ny;my, nzy +m22j
n+m n+m n+m
a+b [ Xt Xy YitYo Z4+Zp
' L2 2 7 2

Example #5 : Let O be the centre of a regular pentagon ABCDE and OA =4.
Then AB+2BC+3CD+4DE +5EA =
Solution : OA =3,0B=b,0C=¢0D=dO0OE=8
AB-+2BC+3CD+4DE+5EA = (b-&) +2 (G-b) +3 (d-C) + 4 (6-d) +5(a—¢)

=53 — (é+5+6+a+é) = 5a, (since a+b+c+d++é =0)

Example # 6 : In a triangle ABC, D and E are points on BC and AC respectively, such that BD = 2DC and
AE = 3EC. Let P be the point of intersection of AD and BE. Find % using vector method.

Solution : Let the position vectors of points B and C be respectively b and ¢ referred to A as origin of
reference.
Let BpP =1 and PD =u
AP
- 3\C +6 2Cc+b

AD - 2% AE -3¢ ap - 4 3

3 4 A+1 w1
comparing the coefficient of b & ¢

1 1 3 2

— = and =
A+1 0 3(u+1) 4n+1)  3(u+1)

solving above equations we get A = 8/3
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Self Practice Problems

(4)
()

(6)

(8)

Answers : (4) BC

Express vectors BC , CA and AB in terms of the vectors OA, OBand OC
If 3, bare position vectors of the points(1,—1),(-2, m), find the value of m for which a and

b are collinear.
The vertices P, Q and S of a APQS have position vectorsp, g and s respectively.

() Find the position vector of t of point T in terms of p, g ands , such that
ST:TM =2 :1 and M is mid-point of PQ.
(i) If the parallelogram PQRS is now completed. Express , the position vector

of the point Rinterms of p, g and s

Ina quadrilateral ABCD, AB = p, BC= g, DA =p — . If E is the mid point of BC and F is
4

the point on DE such that DF = 3 DE. Show that the points. A,F,C are collinear.

Point L, M, N divide the sides BC, CA, AB of AABC intheratios 1:4,3:2,3:7 respectively.
Prove that AL + BM +CN is a vector parallel to CK , when K divides AB in the ratio 1 : 3.

OC-OB, CA=OA-OC,AB=0B-0A (5) m=2

e

(6) (i) f=§(|5+ﬁ+§) (i) ¥ = (Q-p+9)

Distance formula

Distance between any two points (x,, y,, z,) and (x,, ¥,, 2,) is given as \/(x1 —X, Y+ (Y, —Y,)? +(2,—2,)°

Distance of a point P from coordinate axes

Let PA, PB and PC are distances of the point P(x, y, z) from the coordinate axes OX, OY and OZ
respectively then PA = Jy> + 2% ,PB = yz2+x? , PC =/x? +y?

Example #7 :
Solution :

Example # 8 :

Solution :

Find the locus of a point which is equidistance from A (0,2,3) and B (2, -2, 1).
let P (X, y, z) be any point which is equidistance from A (0,2,3) and B (2, — 2, 1)
PA = PB

= J(x=00 +(y—2F +(z=3)* = J(x=22+(y+2) +(z—=1° =>x-2y—-z+1=0

Find the locus of a point which moves such that the sum of its distances from points A(0, 0, — a)
and B(0, 0, a) is constant.

Let the variable point whose locus is required be P(x, vy, z)

Given PA + PB = constant = 2a (say)

Jx =00 +(y—02 +(z+a)® + (x=02+(y-0)7+(z-a)? =2a

= \/x2+y2+(z+a)2 =2a—\/x2+y2+(z—oc)2
= X4 Y2+ 2%+ OF + 2200 = 422 + X2 + Y2 + 22 + o2 — 2200 — 4a X2 +Y% + (2 - a)?
z%0®
= 4z0-4a2 =—4a C+y’+(z-a) = +a%—2z0 = X2 + Y2 + 22 + o2 — 270
2 2 2 2
a X z
or, X+yr+22 | 1-— | =22~ = 7 + 2y >+ —5=1
a a’—a a’—a a

This is the required locus.
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Self practice problems :
(9) One of the vertices of a cuboid is (0, 2, —1) and the edges from this vertex are along the
positive x-axis, positive y-axis and positive z-axis respectively and are of lengths 2, 2, 3
respectively find out the vertices.

(10) Show that the points (0, 4, 1), (2, 3, -1), (4, 5, 0) and (2, 6, 2) are the vertices of a square.
(11) Find the locus of point P if AP>-BP?=20, where A= (2, -1,3)and B= (-1, -2, 1).

Answers : 9) (2,2,-1),(2,4,-1), (2,4,2),(2,2,2), (0,2, 2), (0, 4, 2), (0, 4, -1).
(11) X+y+2z2=6
A(X1!y1rz‘|)
Centroid of a triangle
(XXt Xy Vi +YotYs Zi+2Z,+24 >
G _( Sty YitVetly B j G

B(X2!y2’22) C(XB!yBrZS)
Incentre of triangle ABC

= (ax1 +bx, +cx, ay,+by, +cy, az, +bz, +cz,

, , Where AB=¢c,BC=a,CA=>b
a+b+c a+b+c a+b+c

Example #9 : Show that the points A(2, 3, 4), B(-1, 2, -3) and C(-4, 1, —10) are collinear. Also find the
ratio in which C divides AB.

Solution : GivenA=(2,3,4),B=(-1,2,-3),C=(—4,1,-10).
A2, 3,4) B (-1,2,-3)

Let C divide AB internally in the ratio k : 1, then

_ —k+2, 2k+3, -3k+4 —k+2=_4 - KeeB = koo
k+1 kK+1 k+1 k+1
For this value of k, 23 —1,and K4 _ 19
k+1 k+1

Since k < 0, therefore C divides AB externally in the ratio 2 : 1 and points A, B, C are collinear.

Example # 10 :The vertices of a triangle are A(5, 4, 6), B(1, —1, 3) and C(4, 3, 2). The internal bisector of /BAC
meets BC in D. Find AD.

Solution : AB = 42 +52 .32 =52
AC = B+ +42 =32

Since AD is the internal bisector of BAC

BD = AB _S D divides BC internally in the ratio 5 : 3
DC AC 3

D= 5x4+3x1 5x3+3(-1) 5x2+3x3 or D= 23 12 19
543 ° 543 ' 5+3 ’ (878" 8

2 2 2 [
AD = [5—§j +(4—Ej +(6—Ej - Y1580 unit
8 8 8 8
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Example # 11 : If the points P, Q, R, S are (4,7, 8), (- 1,-2, 1), (2, 3, 4) and (1,2,5) respectively, show that PQ
and RS intersect. Also find the point of intersection.

Solution : Let the lines PQ and RS intersect at point A.
Let A divide PQ in the ratio 4 : 1, (% 1) then A= 2F4 2247 2+8) g
A+ A+1 A+1
Let A divide RS in the ratio k : 1, then A= [ KF2 2K+3 Skxd) @)
K+1 K+1 K+1
P(4, 7, 8) S(1, 2, 5)
R(2, 3, 4) Q(-1, -2, 1)
From (1) and (2), we have,
A KA ko4 dk+4=ak+ 2 +k+2 2k +30—3k=220 .. (3)
A+1 k+1
T2hH T K3 kDM 4Tk +7 =20k + 3N+ 2K+ 3> drk+ 5 —5k—4=0...(4)
A+1 k+1
A+8 5Bk+4
== (5)
A+1 k+1
Multiplying equation (3) by 2, and subtracting from equation (4), we get—A +k=0 or, A=K
Putting A = k in equation (3), we get 2A2+3A—-3L,-2=0 = A=1=Kk

Clearly A =k =1 satisfies eqn. (5), hence our assumption is correct.

A~ —1+4’ —2+7, 1+8 or, A= §’ §’ g .
2 2 2 2 2 2

Self practice problems :
(12) Find the ratio in which yz plane divides the line joining the points A (4, 3, 5) and B (7, 4, 5).

(13) Find the co-ordinates of the foot of perpendicular drawn from the point A(1,2,1) to the line
joining the point B(1, 4, 6) and C(5, 4, 4).

(14)  Two vertices of a triangle are (4, —6, 3) and (2, -2, 1) and its centroid is (g -1, 2). Find the

third vertex.

(15) Show that

VR

g%%j is the circumcentre of the triangle whose vertices are
4,1

A2, 3, 2),

us)

(0, )yand C (3, 3, 0) and hence find its orthocentre.

Answers:  (12) 4:7 Externally  (13) (3,4,5) (14) (2,5,2) (15) (2,3, 2)
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Direction cosines and direction ratios

(i)

(i)
(iii)

(iv)

(v)

Example #12:

Solution :

Example #13 :

Solution :

Direction cosines : Let o, 3, Y be the angles which a directed line makes with the positive

directions of the axes of x, y and z respectively, then cos o, cosfP, cos y are called the

direction cosines of the line. The direction cosines are usually denoted by ¢, m, n.
z

Thus ¢ =cos o, m = cos 3, n = cos .
If ¢, m, n be the direction cosines of a line, then 2+ m2+n2=1

Direction ratios : Let a, b, ¢ be proportional to the direction cosines ¢, m, n then a, b, ¢ are
called the direction ratios.

If a, b, ¢, are the direction ratios of any line L, then ai+bj+ck will be a vector parallel to the
line L.

If ¢, m, n are direction cosines of line L, then £ i+ m ]+ n k is a unit vector parallel to the line
L.

If ¢, m, n be the direction cosines and a, b, ¢ be the direction ratios of a vector, then (¢, m, n)

_( a b c Jor( -a —b —C j
Ja? +b? +¢2 \Ja? +b? +c? Ja? +b? +c? Ja? +b2 +¢2 \Ja? +b? +c? Ja? +b? +c?

If the coordinates P and Q are (x,, y,, z,) and (x,, ¥,, Z,), then the direction ratios of line PQ are,

a=x,—X,b=y,—y, & c=2z,— z and the direction cosines of line PQ are ¢ =%,
Y2 — Yy Z, — Z
==—=—>andn= ——.
[PQ]| |PQ|
. : . . cos3a
If a line makes angle a, B, y with the co-ordinate axes. Then find the value of Z .
cosa
3 —
zcosSoc _ 24003 a—3Ccosa _ ¥(4cos?a — 3)
cosa cosa
= 4(cos?a + c0s?f +c0s?y) - 3-3-3=4-9=-5 Ans. -5

If the direction ratios of two lines are given by mn —4n¢ + 3/m =0 and ¢ + 2m + 3n = 0 then
find the direction ratios of the lines.

= = & = —m =
22-3 2 1

Eliminating / we have m =% 42 n % ! m n

_ . - m
2y2-3 2

Ans. ((-242-3,v21,1),(2¥2 -3)%, V21— where A € R-{0}
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Self practice problems:

(16) Find the direction cosines of a line lying in the xy plane and making angle 30° with x-axis.

(17) A line makes an angle of 60° with each of x and y axes, find the angle which this line makes
with z-axis.

(18) A plane intersects the co-ordinates axes at point A(2, 0, 0), B(0, 4, 0), C(0, 0, 6) ; O is origin.
Find the direction ratio of the line joining the vertex B to the centroid of face ABC.

Answers : (16) f:?,m:i%, n=0 (17) 45° (18) g,_g,g

Angle between two vectors :

It is the smaller angle formed when the initial points or the terminal points of the two vectors are brought
together. Note that 0° < 6 < 180°.

Scalar product (Dot Product) of two vectors :

a.b=l ‘6‘ cos0, (0<0<n)
Note: (a) If 0is acute, then @ . b >0andif 0 is obtuse,then a . b <O0.

(b) a.b=0<3alb @=0, b=0)

() Maximum value of a.b is |a||b]| (d) Minimum value of a.b is —|a||b]|

Geometrical interpretation of scalar product : B6)

As shown in Figure, projection of vector OB (or b) along vector OA (or a)

isOL=|b| cos ® = TTT:B'é

AL L >

Properties of Dot Product Como 50 A@

()  Projectionof 4 on b = a| : |b

(ii) .b=b.3a (commutative)

(iii) a. (6+5)=a .b+3a . ¢ (distributive)

(iv) (ma). b=a.(mb) =m(a . b), where m is a scalar.

(v) ii=j.j=kk=1i.j=]jk=k.i =0

viy a.a=|a=a

(i Ifda=a,i+a, j+a,k andb=b,i +b,] +b,k, then @ .b =ab,+ab,+ab,

& = Ja'+a,’ +a” ‘B‘ = (b2 +b, +b?

(viii) ‘ a+b ‘ = \/I aP +|b? £ 2|a||b|cosb , where 0 is the angle between the vectors
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Example # 14 :

Solution :

Example # 15 :

Solution :

Example # 16 :

Solution :

Example #17 :

Solution :

Example # 18 :

Solution :

Find the value of p for which the vectors @ = 3i +2j+9k and b=i+pj+3k are

/\

(i) perpendicular (ii) parallel
(i) alb = a. 6=0:(3i+2j+9i§).(T+p]+3R)=0
= 3+20+27=0 = p=-15
(ii) vectors 4 = 3i+2j+9% and b = i+pj+3k are parallel iff
3 2 9 2 2
—_ = - = — - 3 = — = p: —
1 p 3 p 3
If &, b, ¢ are three vectors such that each is inclined at an angle n/3 with the other two and
|a| =1, |b|] =2, || = 3, then find the scalar product of the vectors 23 + 3b — 5¢ and
43 —6b +10¢.
Dot products is 823 —182b =502 ¢ +a.b (<12 +12) + b.¢ (30 +30) + ¢. a (20 — 20)
=8-18(4)-50(9) + 60 (2.3003%): 188 — 522 = -334
Find the values of x for which the angle between the vectors
a=2x0 +4xj+ kand b =7i —2] +x k is obtuse.
The angle 6 between vectors a and b is given by cos 0 = Iaﬂ |'| 6b|
a
Now, 6 is obtuse = cos 6 <0 = Ia”l.lf?l <0=a.b<0 [-]|al|b|>0]
a
= 14x°-8x+x<0 = 7x(2x-1)<0 = x(2x—1)<0 = 0<x< %
Hence, the angle between the given vectors is obtuse if x € (0, 1/2)
lfa=7+]+k and =2a — j + 3k, then find
(i) Component of b along a. (i) Componentof b inplane of 4 &b but Lto &.
(i) Component of b along a is (7;;}5 :Here a.b =2-1+3=4and |3 =3
a
Hence aq_.zb a2z =i(7+]+R)
lal 3 3
. O . - g - . é. . 6 - 1 - < "
(ii) Componentof b inplaneof a &b but 1 to a isb — P a.= 3 (2I—7J+5k)
a
Find the projection of the line joining A(1, 2, 3) and B(—1, 4, 2) on the line having direction ratios
2,3,-6.
B=-2i+2j-k A
= At e oo —4+6+6 8
Projection of AB=-2i +2j-kon 2i +3j-6KiS ————== = . .
: : : Ja+9+36 7 90° 90
P L M
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Self Practice Problems :

(op)

(19) If a and b are unit vectors and 0 is angle between them, prove that tan g = :?_ : .
a+

[op]

(20) Find the values of x for which the angle between the vectors a= 2x i+4j+3k and
b = 2i —3j+xk is 90°

(21) if a, b, ¢ are the pth, gth, rth terms of a HP then find the angle between the vectors

R R o1 1.

=(g=ni+(r=0)] -k and Vv = — i + — —k.
@-ni+((r-a)j+(@pP-9 LR B

(22)  The points O, A, B, C, D are such that OA=3,0B=b,0C=23a+3b,0D=3a+2b

Given that the length of OA is three times the length of OB . Show that BD and AC are
perpendicular.

(23)  ABCD is a tetrahedron and G is the centroid of the base BCD. Prove that
AB? + AC? + AD? = GB? + GC? + GD? + 3GA?

(24) A((2,3,-2),B(1,5,4,),C(0,-1,2) D (4, 0, 3). Find the projection of line segment AB on CD
line.

(25)  The projections of a directed line segment on co-ordinate axes are 3, 4, —12. Find its length and
direction cosines.

Answers : (20) x=12/7 (21) w2  (24) 22 (25) 13, 3 4 -12
3 1313 13
Vector product (Cross Product) of two vectors:
(i) If a ,b are two vectors and 6 is the angle between them, then a x b = | é| ‘ b ‘ sin® n , where n is

the unit vector perpendicular to both a and b such that a, b and A forms a right handed screw

system.
(i) Geometrically ‘ a x 5‘ = area of the parallelogram whose two adjacent sides are represented by
a and b .
B
C
b
0
o] a A

xa (not commutative)

x (Mb) =m (3 x b), where m is a scalar.
xb) + (axc) (distributive)

V) ax (b+c) = (
vi) axb=0«<3a and b are parallel (collinear) (a=0 , b=0) i.e. a=Kb, where K is a scalar.
(vii) Txf:]x]:Rsza;Tx]:R,]sz?,in:]
i j k
(vii) If @ =a,i +a, j+a, k andb =b,i +b, j +b,k, then axb=|a, a, a,
b, b, b,
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x)

(xii)

(xiii)

A vector of magnitude ‘r’ and perpendicular to the plane of 2 and bis +

o

r(ax
ax

)
I

(ox)

If 2, band ¢ are the position vectors of 3 points A, B and C respectively, then the vector area of

AABC =1(ax6 +

Axb+ bx

Ol

> xC + Cxa) . The points A, B and C are collinear if

Q!
Il
ol

+ C x

Ol

Area of any quadrilateral whose diagonal vectors are d, and d, is given by % ‘ d, x d, ‘

Example #19:Given a = i + j—k, b=—i+2j+k and ¢ =-i +2] — k, then find a unit vector

Solution :

Example # 20 :

Solution :

Example # 21 :

Solution :

perpendicular toboth a + b and b + ¢.
a xp is Ltoboth G and p
d+b =3j,b+C =—27+4]

3jx(-2i+4]j)isLtoboth  or 6] x i =6k .. hence a unit vector is k .

f 6 =27 +3] -k ,p =—i+2]j—4k, y=1 + j+ k,thenfindvalue (& xp).(& x 7).

G x p=-101 +9]+7k andd x 7 =4 i—3 j— k their dot product = —40 — 27 — 7 = -74
Let OA =a +3b,0B =5 4da+ 4b andOC =23 —b where O is origin. Let p denote the area
of the quadrilateral OABC and g denote the area of the parallelogram with OA and OC as

adjacent sides. Find % .

We have, p = Area of the quadrilateral OABC

= =%|@XA—C| = %|O—Bx(o—c—cﬁ)| = p=%|(5€1+45) x (4b—3)]|
= p=% |20(axb)-4(bxd)| =12 |axb| .. (i)
and q = Area of the parallelogram with OA and OC as adjacent sides
= q=|OAxOC| = |(@x3b)x(2a—b)| = 7|axb| ... (ii)
From (i) and (ii), we get 2 = 12
q 7

Self Practice Problems :

(26) If p and g are unit vectors forming an angle of 30°. Find the area of the parallelogram
havinga=p+24 and b=2p+q as its diagonals.

(27)  ABC is a triangle and EF is any straight line parallel to BC meeting AC, ABinE, F
respectively. If BR and CQ be drawn parallel to AC, AB respectively to meet EF in R and Q
respectively, prove that A ARB = AACQ.

Answers : (26) 3/4 sq. units

A
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Equation of a
()

(i)

(iif)

(iv)

(v)

(vi)

Example # 22 :

Solution :

Example # 23 :

Solution.

A LINE

line
Vector equation: Vector equation of a straight line passing through a fixed point with position
vector a and parallel to a given vector bist =4a +Ab where A is a scalar.

Vector equation of a straight line passing through two points with position vectors a &b is

f=a+A(b—-a).

The equation of a line passing through the point (x,, y,, z,) and having direction ratios a, b, ¢

X2 y;y1 = Z7% _ . This form is called symmetric form. A general point on the line
a c

is given by (x, + ar, y, + br, z, +cr).

is

The equation of the line passing through the points (x,, y,, z,) and (x,, ¥,, z,) iS

X~ X =y_Y1 _Z2-7

Xo =Xy Y24 Z; =44

Reduction of cartesian form of equation of a line to vector form & vice versa

X~ X =YE)Y1 L PN (x,i +y, ] +z,k)+A(ai +b] +ck).
a c

The equations of the bisectors of the angles between the lines r =a + Ab and

f=d+ uc are: F=é+t(6+é) and 7 =a +p(6—6).

Find the equation of the line through the points (4, -5, 8) and (-1, 2, 7) in vector form as well
as in cartesian form.
Let A=(4,-5,8),B=(-1,2,7)

Now 4= OA =4 —5] +8k and b=
Equation of the line through A(a)and B(b) is F =a +t(b —a )
or r =47 —5] +8k+t(-51 +7] -K) . (1)

x-4 y+5 z-8
—7 1

Equation of AB in cartesian form is

Find the equation of the line passing through point (1, 0, 2) having direction ratio 3, —1, 5.
Prove that this line passes through (4, — 1, 7).
equation of line is x-1__y-0_z-2
3 -1 5
4-1 -1-0 7-2
3 -1

El

=1, so line passes through point (4, —1,7)
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Example # 24 : Find the equation of the line drawn through point (-1, 7, 0) to meet at right angles the

Xx-2 y+3 z-1
-1 2
X-2 y+3 z-1

Solution : Given lineis —==2-~-=2=-__ .. (1)
2 -1 2

line

Let P=(-1,7,0)
Co-ordinates of any point on line (1) may be takenas Q=(2r+2,-r-3,2r + 1)
Direction ratios of PQ are 2r + 3, —r— 10, 2r + 1
Direction ratios of line ABare 2, -1, 2
Since PQ 1L AB
22r+3)+(-r=-10)(-1)+2(2r+1)=0 = r=—2
Therefore, direction ratios of PQare —1,-8,-3
x+1 y-7 z

Equation of linePQis —="—==
1 8 3

Example # 25 : A line passes through the point 3i and is parallel to the vector —T+]+R and another line

passes through the point i+ and is parallel to the vector i+k , then find the point of
intersection of lines.
Solution : A point on the first line is 3 +s(—i + | +K) (i)
A point on the second line is i + ] +t(i +k) ....(i)
At the point of intersection (i) and (ii) are same.
3-s=1+t,s=1,s=t s=t=1
hence the pointis 3i+(—i+j+k) = 2i+j+k Ans. (2,1,1)
Self practice problems:
x-3 y+1 z-7

(28) Find the equation of the line parallel to line ] 5

and passing through the point
2, 3,-2).

X-2 y-3 z+2
4 1 5

Foot, Reflection, length of perpendicular from a point to a line :

Answers : (28)

P(x1,y1,21)
0
Q(xa2,y2,22) FX'V'.2) XX Y=Y _2-2,
a b c
R(Xl/‘vlf‘zfl)

LetL= X=Xz _¥=Y¥2 _ 272 jq 4 given line and P(x1, y1, z1) is given point as shown in figure.
c

Let F(x', y', 2') = (ar+xz, br+ y2 cr+ z2) ....(1) be the foot of the point P (x,, y,, z,) with respect to the line

L. Apply PF.(ai+bj+ck) =0 we get ‘r. Now put this value of 'r' in (1) we get F
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Now for calculating the reflection R(x", y", z") of the point P (x,, y,, z,) with respect to the line L, apply
midpoint formula (midpoint of P&Ris F)
| (ai +bj +ck)|

PF=PQsin 6
| Ja2 b2 +¢? |

x+1 y-3 z+2
3 -1
Solution : Co-ordinates of any point on given line may be takenas Q=(2r—1,3r+3,-r-2)
Direction ratios of PQare 2r—3,3r + 6, —r—3

Direction ratios of AB are 2, 3, — 1
Since PQ L AB
-15

2(2r-3)+3(3r+6)—1(-r-3)=0 = 14r+15=0 = r= —>

14
22 -3 -13 531 .
= | — _— — P =, .
Q ( - T2 14) Q 4%4 units

Self practice problems :

Example # 26 : Find the length of the perpendicular from P (2, — 3, 1) to the line

(29) Find the length and foot of perpendicular drawn from point (2,3,4) to the line

X—_24 = % = Z—_31 . Also find the image of the point in the line.

Answers : (29) 3J5,N=(2,6,-2),1=(2,9,-8)

Angle between two line :
If two lines have direction ratios a,, b,, ¢, and a,, b,, ¢, respectively, then we can consider two vectors
parallel to the lines as aﬁ +Db, i+ c1R and aZT + bZ] + 02R and angle between them can be given as.
aa, +bb, +c.c,

cos 0 = :
\/af +b? +c12\/a§ +b2+c
(i) The lines will be perpendicular if a,a, + b,b, + ¢,c, =0
(i) The lines will be parallel if 2 =E -4
a, b c

Example # 27 : What is the angle between the lines whose direction cosines are

\/g1\/§and\/§1ﬁ

ey 4w 2

Solution : Let 6 be the required angle, then cos6 = 7,7, + mm, + n,n,

(O 008 [Fararae o

Example # 28 : Pis apointonline f = 5i+7j—2k+s(3i—j+k) and Q s a point on the line
f =-3i+3]+6k + t(—3i+2]+4R). If PQ is parallel to the vector, 2i +7]-5k , find P and Q

Solution : PQ=0Q-OP is parallel to 2i +7j—
—8T—4]+8R+t(—3i+2]+412)—s(3?—]+R) =20 =-8-3t—3s
To=—4+2t+s = —Sa=8+4t-
solving, a =t=s=-1

P=(5,7,-2)-3,-1,1)=(2,8,-3) = Q=(3,3,6)-(-3,2,4)=(0,1,2)
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Self practice problems :
(30) Find the angle between the lines whose direction cosines are given by / + m + n = 0 and
72+m2-n2=0
(31) LetP (6, 3,2), Q (5,1, 4), R (3, 3, 5) are vertices of a A find ZQ.

(32)  Show that the direction cosines of a line which is perpendicular to the lines having
directions cosines ¢, m, n, and ¢, m, n, respectively are proportional to

m1iNz — Mzan1 , Nif2 — N2/1, £1M2 — f2m4
Answers : (30) 60° (31) 90°

Skew Lines :
Lines in space which do not intersect and are also not parallel are called skew line.

\
Iflines T =&+ A,p & F=b +A,q are skew linesthen (b — &) . (p x §)#0

If lines are not skew lines then they are coplanar which means if (b — 3). (9 x ) =0, then lines are coplanar.

Shortest distance between two lines

(i) Shortest distance (d) between lines © =a +A,p & F = b +A,q
isd=| -2 - (P xa
[Px 4
(ii) Shortest distance (d) between two skew lines *—% = V=B _ 27 g X2 _ ¥R 2oy
4 m n o' m' n'

a-a B-p y-y
isd= 7 m n +\/Z(mn' - m'n)?
A m' n

For Skew lines the direction of the shortest distance would be perpendicular to both the lines.
If d = 0, the lines are coplanar
(iii) Shortest distance between two parallel lines F =3 +Kband T, =a,+Kb, is given by

b x (a,-4a)

d= 2
5]
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Example # 29 : Find the shortest distance and the vector equation of the line of shortest distance between the
lines given by r =3 +8j+3k + A (3?—]+R) and r =-3i—7j+6k+p (—3?+2]+4R)
x-3 y-8 z-3
-1 1

Solution : Equation of given lines in cartesian form is Y (say L1)

X+3 y+7 z-6_
3 2 4
Let LonLiis(Br+3,—-12+8,A+3) and Monlz2is (-3u—3,2u—7,4u+6)
Direction ratios of LM are 3L + 3u + 6, - A —2pu + 15, A —4p - 3.

and (say L2)

Since LM L1 L4
3BAL+3u+6)—1(-A2-2u+15)+1(A—-4p-3)=0 or, 1IA+7u=0 ... (1)
Again LM L CD
-3Br+3u+6)+2(-A—-2u+15) +4 (A—4p—-3)=0or, —7A2=2%9u=0 ..... (2)
A L B
90ok
90
C M D

Solving (1) and (2), we get A =0, =0 = L=(3,8,3),M=(-3,-7,6)
Hence shortest distance LM = \/(3+3)2 +(8+7)2+(3-6) = /270 =34/30 units

>
r

Vector equation of LM is r =3i+8]+3k +t (6?+15]—3R)

Note : Cartesian equation of LM is x-3_y-8_2-3

15 -3

Self practice problems:

(33)  Find the shortest distance between the lines x_1_y-2_2-8 g X2_y-4_2-5

2 3 4 3 4 5
Find also its equation.
1
Answers : 33) ——=,6x-y=10-38y=6z-25
(33) 7% y y

Scalar triple product (Box Product) (S.T.P.):
(i) The scalar triple product of three vectors @, b and ¢ is defined as: & x b . & =|3 ‘5‘ | .

sind . cos¢ where 0 is the angle between a, b (i.e. aAb=0) and ¢ is the angle between
axb and¢ (axb)Ac =¢) . Itis (i.e. 3 x b . ¢) also written as [é b 6} and spelled as box

product.
(ii) Scalar triple product geometrically represents the volume of the parallelopiped whose three
coterminous edges are

n
LA\ F

/G
S b

A — —
represented by a,b and ¢ ie. V=|[a b c]|
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(i)

(iv)

(v)

(xii)

In a scalar triple product the position of dot and cross can be interchanged i.e.

.bx¢ =(@xb).c — [ab ¢l =[bca]=1[¢ ab]
a.bx¢=-a.Cxb) ie [dabi] =-[a ¢ b]

QO

ol
Il
o
(*2
N
(o2
w

If a=a,i+a, j+a,k; b =b,i+b,j+b,k and ¢ =c,i+c,j+c,k,then[ @ b

In general, if a=a,/+a,M+a,i; b=b,/+b,M+b,A and ¢ =c,+c,M+c,h

a, a, a,
then [é b 6]: b, b, by|[7 m fi], where 7, M and fi are non-coplanar vectors.
C, C, C,

If 2,b,¢ are coplanar, then = [a b ¢]=0.

If a,b,¢ are non-coplanar, then[a b &] > 0 for right handed system and [a b ¢]<0 for left
handed system.

a.a ab ac
[abc]" =| b bb b
c.a ¢b cc

Volume of Parallelopiped/ Tetrahedron and their properties :

(a)
(b)

The volume of the parallelopiped whose three coterminous edges are a, b and¢ is V= [a b C]

The volume of the tetrahedron OABC with O as origin and the position vectors of A, B and C being

3, b and ¢ respectively is given by V =% ‘[é b 6]‘

If the position vectors of the vertices of tetrahedron are @, b, ¢ and d, then the position vector of its
centroid is given by % (A+b+c+d).

Note : that this is also the point of concurrency of the lines joining the vertices to the centroids of the
opposite faces and is also called the centre of the tetrahedron. In case the tetrahedron is regular it is
equidistant from the vertices and the four faces of the tetrahedron.

Example # 30 : The volume of the parallelopiped whose edges are represented by =12 i + ik, 3 j —Kk,

27 + j—15 Kk is 546, then find A .

12 0 &
Solution : v=1l0 3 -1|] - 546 = |12 x 44 —6A .- A=-3,179
2 1 -15

A
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Example # 31 :
Solution :

Example # 32 :

Solution :

Example # 33 :

Solution :

Find the volume of the tetrahedron whose four vertices have position vectors a, b, ¢ and d.

Let four vertices be A, B, C, D with position vectors @, b, ¢ and d respectively.
DA =(a-d) = DB=(b -d ) = DC =(¢—d)

HencevolumeV:%[é—a b-d ¢&-d]
=%(é —a>.[(6—a>x<a_a>]=%(a_a> [bxC¢ —b xb+¢ xd]
- %{[a bc]—[abd]+[acd]—[db ¢ ]}:%{[a bc]—[abd]+[acd]—[b¢d]

Prove that vectors T,

coplanar vectors if A, B, C € (0, n).

sec® A 1 1
Condition of coplanarity gives D = 0 = 1 sec’B 1 =0
1 1 sec’C
= sec?A [sec?Bsec?C — 1] —1(sec?c— 1) + 1(1 —sec?B) =0
= (1 +tan? A)(tan2 B + tan?C + tan? B tan2 C) —tan?2C —tan2B =0
= tan? B tan? C + tan® A tan? B + tan?C tan?A + tan® Atan?B tan?C =0

divide by tan® A tan®B tan® C

cot?A + cot’B + cot?C = — 1 it is a not possible

If two pairs of opposite edges of a tetrahedron are mutually perpendicular, show that the third

pair will also be mutually perpendicular.

Let OABC be the tetrahedron, where O is the origin and co-ordinates of A, B, C are
(X Yir Z,), (Xps ¥ar Z5)5 (X5, Yg, X,) respectively.

Let OA 1L BC and OB L CA.

We have to prove that OC L BA.

Now, direction ratios of OA are x1, y1, z1 and of BC are (xs — x2), (y3 — y2), (23 — 22).
OA 1. BC and OB L CA

X1(X3 - Xz) + y1(y3 - yz) + Z1(Za - 22) =0
A (X1, Y1, Z))

and X,(X; = X5) + Y,o(Y, = ¥3) + 2,(z,—2,) =0

0(0,0,0)

B
(Xos ¥y 22)

C
(X31 ySS ZE)

Adding above two equations we get X,(X, — X,) + Y(Y, = Y,) + Z,(z, —2,) =0
OC L BA (-direction ratios of OC are x,, y,, z, and that of BA are (x, — X,), (Y, Y,), (z, — 2,))

Self practice problems :

(34) Showthat 3 . (b+C)x(@+b+C)=0
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(35) One vertex of a parallelopiped is at the point A (1, —1, —2) in the rectangular cartesian co- ordinate. If
three adjacent vertices are at B(-1, 0, 2), C(2, -2, 3) and D(4, 2, 1), then find the volume of the
parallelopiped.

(36)  Show that the vector &, b, ¢ are coplanar if and only ifb+¢ , ¢+a , a+b are coplanar.
(37)  Show that {(a +‘+a)x(a-6)}.a=2[5 66].
(38)  Find the value of m such that the vectors 2i —j+k , i+2j—3k and 3i+mj+5k are coplanar.

(39)  Find the value of x for which the four points with position vectors —j—k , 4i +5]+Ak, 3i+9]j+4k, and
—4i +4j+4k are coplanar.
Answer : 35 72 (38) -4 39) =1

Vector triple product :
Let 4, b and ¢ be any three vectors, then the expression a x (b x ¢) is a vector & is called a

vector triple product. This vector is perpendicular to a and lies in plane containing vectors b and ¢

° ax(bxc)=@.6)b-(@.b)c
° (Axb)x¢=(@.¢)b-(b.c)a
° In general (a xb)x¢ = a x (b x¢)

Example #34: [ax(3b+2C) bx(¢—23a) 2¢x(a-3b)]=
Solution : let bx ¢ =p,Cxa=qg,axb=r
[parl=[abc P (i
ax (3b+2¢)=3TF—2qetc.
E=[3F —29p +27,2q +6p]
0 -2 3
=[0p —2G +3F,p +0§ +27,6p +24 +0f]=|1 0 2/ [abcP=-18[abc]
6 2 0
Example # 35 : If a,b,C are non-coplanar unit vectors such that (axb) x¢ =[«Et2>+a] . Then find

angles which makes ¢ with @ & b (& and b are non-collinear)

Solution:  (axb)x ¢ =[ﬁz+aJ = (a.6)b —(b.0)d = ﬁ;’*a
é" 6 =£1 and 6 6 =—l.
2 2
cos0 = ﬁ and coso = —l.
2 2
0== and ¢=2_7T
6 3
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Example # 36 : Prove that ax{pbx(Exd)} = (b . d)(@xE) — (b. ) (axd)
Solution : We have, ax{bx(@Exd)} =ax{b . d) ¢—(b . ) d}

ax{(b . d) ¢}-ax{b . c) d [by dist. law]
(b . d) (@xC)—(b . ¢) (@xd).

Self Practice Problems :

(40)  Prove that ax{ax(@xb)} =(a . a) (bxa).
(41) Let b and ¢ be noncollinear vectors. If a is a vector such that a.(b+¢) = 4 and
ax(bxC) = (x2—2x +6) b + ¢ siny, then find x and y.

(42) Find a unit vector coplanar with T+]+2R and f+2]+l2 and perpendicular to f+]+l2 is

Answer : (41) x=1&y=(@n+1)n2,nel (42 i[%}

Linear combinations :
Given a finite set of vectors a,b,C,......, then the vector F=xa + yb + zC +........ is called a linear
combination of a,b,¢....... for any x, y, z..... € R. We have the following results :

(a) If 3,b are non zero, non—collinear vectors, then xa+yb=x'a+y'b=x=x', y=y'

(b) Fundamental Theorem in plane : Let a,b be non zero, non collinear vectors, then any vector r
coplanar with a,b can be expressed uniquely as a linear combination of & and b
i.e. there exist some unique x, y € R such that xa -+ yb=r .

(c) If a,b,¢ are non-zero, non—coplanar vectors, then
Xé+y5+zé=x‘é+y'6+z'6 =>x=x',y=y',z=2'

(d) Fundamental theorem in space: Let a,b,¢ be non-zero, non—coplanar vectors in space. Then any
vector T can be uniquely expressed as a linear combination of a,b,¢ i.e. there exist
some unique X,y, z € Rsuch that xa + yb +z8 =T .

(e) If X,,X5,......, X, a@re n non zero vectors and Kk, k,...k are n scalars and if the linear
combination k,X, + K X, +....... +k X =0 = k=0, k,=0, ... , k, =0, then we say that vectors
X;, Xg, -...e, X, are linearly independent vectors.

(f) If KX, +KoX, +KgXgoorro+K X, ..otk X, =0 and if there exists at least one k = 0, then
Xiy Xoy eoeens , X, are said to be linearly dependent vectors.
If kr = 0 then X, is expressed as a linear combination of vectors X,, X,........ s X4y Rirqy eeeneeenes , X,

Note :

& In general, in 3 dimensional space every set of four vectors is a linearly dependent system.

& i,j,k are Linearly Independent set of vectors. For K,i+K,j+K,k=0 = K= K=K,=0

& Two vectors a and b are linearly dependent = a is parallel to b i.e. axb=0 = linear dependence
of & andb . Conversely if axb=0 then & and b are linearly independent.

& If three vectors 3, b, ¢ are linearly dependent, then they are coplanari.e. [A b ¢&] = 0. Conversely if

[a b ¢] = 0 then the vectors are linearly independent.

A
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Example #37:1f 4, b, ¢ are three non-coplanar vectors, solve the vector equation .4 =7 .b =7 .¢ =1

Solution : since a, b, ¢ are three non-coplanar vectors therefore @ x b, b x ¢ & ¢ x & are also non-

coplanar vectors
Let F =X (axb)+y(bxC )+z(Cxa).
1=

Then, r.a =1 = y[(bxG ) a.]
y=[5;)5]’ simiIarIyx=z=[ég6]3?:{566] ((axb)+(bxC )+ (Cxa))

Example # 38 : Given that position vectors of points A, B, C are respectively

a—2b +3¢,23a +3b —4¢,—7b + 10¢ then prove that vectors AB and AC are linearly
dependent.

Solution : Let A, B, C be the given points and O be the point of reference then

OA -3 -2b +3¢,0B = 2a +3b —4¢ and OC =-7b +10¢
Now AB =p.v. of B—p.v. of A
=OB -OA =(a+5b-7¢)and AC =p.v.of C—p.vof A
= OC-OA =- (a+5b-78) =— AB
AC = A AB

where . =— 1. Hence AB and AC are linearly dependent.

Example # 39 : Prove that the vectors 53 + 6b + 7¢, 73 — 8b + 9¢ and 33 + 20b + 5¢ are linearly

dependent, where a,b,¢ being linearly independent vectors.

Solution : We know that if these vectors are linearly dependent , then we can express one of them as a

linear combination of the other two.
Now let us assume that the given vector are coplanar, then we can write

5a+6b +7¢ =¢(7a -8b +9¢)+m (33 +20b +5¢) where ¢, m are scalars

Comparing the coefficients ofa , b and ¢ on both sides of the equation

5=7¢+3m, =—8/+20m,7 =97 +5m
= (= 5= m. Hence the given vectors are linearly dependent.
Self Practice Problems :
(43)  Given that >*<+'5l2 . X)p=qg,showthat p . X =%r3 . g andfind X intermsof p and q.
(44) If X .a =0, X.b =0and X . ¢ =0 for some non-zero vector X , then show that
@ b ¢ =0
(45)  Provethat r = (r ;al (bﬂxc) + (r ;b)a (cﬂxa) + (r ;C)a (afb)
[a b c] [a b c] [a b C

where 3, b, ¢ are three non-coplanar vectors

(46) Does there exist scalars u, v, w such that ué, + ve, + we, = i where € = K,

8, =j+k, 8, =—j+2k ?

A
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(47) If & and b are non-collinear vectors and A =(x + 4y) @ + (2x +y + 1) b and
B=(y—2x+2)a+(2x—3y—1) b, find x and y such that 3A = 2B .

(48)  If vectors &, b, be linearly independent, then show that
a-20+3c, 2a+3b-4¢, —b+2¢ are linearly dependent
(ii) a-30+2¢ , -2a—-4b—¢ , 3a+2b—¢ are linearly independent.
(49) Prove that a vector r in space can be expressed linearly in terms of three non-coplanar, non-
zero vectors @, b, ¢ in the form
[f b ¢l a+[Fr ¢ a]lb+[F ab]é

F= .
[4 b ¢

Answers:  (43) X =q—(‘;|é|fj P (46) No  (47) x=2,y=-1

Test of collinearity :

Three points A,B,C with position vectors a, b, ¢ respectively are collinear, if & only if there exist scalars

X, y, z not all zero simultaneously such that xa+yb+zE=0 = 0, where x + y + z = 0.

Test of coplanarity :
Four points A, B, C, D with position vectors 3, b, ¢, d respectively are coplanar if and only if there exist

scalars x, y, z, w not all zero simultaneously such that xa+yb+zé+wd = 0 , where x +y + z + w = 0.

Example # 40 : Prove that four points 23+3b—¢, a—2b+3¢, 3a+4b—2¢ and a-6b+6¢ are coplanar.
8slution : Let the given four points be P, Q, R and S respectively. These points are coplanar if the

vectors PQ, PR and PS are coplanar. These vectors are coplanar iff one of them can be

expressed as a linear combination of other two. So let PQ =xPR +y PS

= —8-50+4C =x(d+b-C) +y (-4-90+7)

= —3-5D+4C =(x—y) @ +(X=9y) b +(x+7y) ¢

= X—y=-1,x—-9y=-5x+7y=4 [Equating coeff. of 3, b, ¢ on both sides]
Solving the first two equations of these three equations, we get x = — l Y= l .

2 2
These values also satisfy the third equation. Hence the given four points are coplanar.

Self Practice Problems :

(50) If 3, b, ¢ d are any four vectors in 3-dimensional space with the same initial point and such

that 3a—2b+¢—2d=0, show that the terminal A, B, C, D of these vectors are coplanar. Find
the point (P) at which AC and BD meet. Also find the ratio in which P divides AC and BD.

. 3a+c

Answers : (50) p :T divides ACin1:3and BDin 1 : 1 ratio
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A PLANE

If line joining any two points on a surface lies completely on it then the surface is a plane.

OR
If line joining any two points on a surface is perpendicular to some fixed straight line. Then this surface
is called a plane. This fixed line is called the normal to the plane.

Equation of a plane :

(i) Vector form : The equation(r —r,) . n = Orepresents a plane containing the point with position
vector is a vector normal to the plane.
The above equation can also be writtenas r . n=d ,whered=1r . n

(i) Cartesian form : The equation of a plane passing through the point (x,, y,, z,) is given by

a(x—x,)+b(y—y,) +c(z—2z)=0where a, b, c are the direction ratios of the normal
to the plane.

(iii) Normal form : Vector equation of a plane normal to unit vector and at a distance d from the
originis r .n = d. Normal form of the equation of a plane is /x + my + nz = p, where, /,m, n are
the direction cosines of the normal to the plane and p is the distance of the plane from the
origin.

(iv) General form : ax + by + cz + d = 0 is the equation of a plane, where a, b, ¢ are the
direction ratios of the normal to the plane.

(V) Plane through three points : The equation of the plane through three non—collinear points
X=Xg Y—-V¥3 2Z-2Z4
(X1! Yo Z1)7 (X21 Yo 22)5 (ng Yas 23) is Xi=Xg Yi—Ys 2123 = 0
Xo =Xz Yoa—Ys 25723

(vi) Intercept Form : The equation of a plane cutting intercept a, b, c on the axes is §+%+§ =1
Note :

& Equation of yz—plane, xz—plane and xy—plane isx=0,y=0andz=0

& Transformation of the equation of a plane to the normal form: To reduce any equation

ax + by + cz —d = 0 to the normal form, first write the constant term on the right hand side

and make it positive, then divide each term by va® +b? +¢? , where a, b, ¢ are coefficients of x,
y and zrespectively e.g.

ax by cz d
+ + =
+ Ja?+b?+c? £ Jal+bP+c? £ Jai+bP+c? £ a?+b®+c?
Where (+) sign is to be taken if d > 0 and (—) sign is to be taken if d < 0.
& A plane ax + by + cz + d = 0 divides the line segment joining (x,, y,, z,) and (x

. ax, +by, +cz, +d
ratio | —
ax, +by, +cz, +d

Y, Z,). in the

23

A
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& Coplanarity of four points
The points A(x, Y, z,), B(x, ¥, 2,) C(x,Y,2,) and D(x, y, z,) are coplanar then

X=Xy Yo=Yy Zp-244
X3 =X; Y3—Y; Z3—2 | =0
Xg =X Ya=Y1 24—
Example # 41 : Find the equation of the plane upon which the length of normal from origin is 10 and direction
ratios of this normal are 3, 2, 6.
Solution : If p be the length of perpendicular from origin to the plane and ¢, m, n be the direction
cosines of this normal, then its equation is
/X+my+nz=10 . (1)
Direction ratios of normal to the plane are 3, 2, 6

o : : 2
Direction cosines of normal to the required plane are { = =, m =2 n =$

~N|w

Equation of required plane is % X +§ y +$ z=10 or, 3x+2y +6z=70

Example # 42 :Find the plane through the points (2,-3,3), (-5, 2, 0), (1,-7, 1)

x—2 y+3 z-3 x—2 y+3 z-3
Solution : -5-2 2+3 0-3/=0 or -7 5 -3|=0=>2x+y-3z2+8=0
1-2 -7+3 1-3 -1 -4 2

Example # 43 : If P be any point on the plane /x + my + nz = p and Q be a point on the line OP such that
OP . OQ = p?, show that the locus of the point Q is p(/x + my + nz) = x2 + y? + Z2.

Solution : LetP=(a,B,v),Q=(x,, Y, Z,)
Direction ratios of OP are «., B, y and direction ratios of OQ are x,, y,, z,.
Since O, Q, P are collinear, we have x& = yﬁ = zl =k (say) ... (1)
1 1 1

As P (a, B, v) lies on the plane /x + my + nz = p,

lo+mB+ny=p or K(fx, +my, +nz,)=p ... (2)
GivenOP.O0Q=p> = Jo2 +B2+y2 [ +y2ez  =p
or, \/kz(xf+y12+z12) \/xf+y12+z12 =pz or, kK (X +y2 +2%)=p? .(3)

On dividing (2) by (3), we get XE™itNZ 1o bk, v my, +nz) = 24y + 20
X;tYy t24 p

Hence the locus of point Q is p (¢x + My + nz) = X? + y? + 2.

Example # 44 : A moving plane passes through a fixed point (o,B,y) and cuts the coordinate axes A, B, C . Find
the locus of the centroid of the tetrahedron OABC.

Solution:  Letthe plane be = + % +2-1,0(0,0,0), A (a, 0,0), B (0, b, 0)
a (o}
C (0,0.c) . Centroid of OABG is [ 2,2,
444
. a B yv_ -
The plane passes through (a.,f,7y) s E+B+E =1 ... (i)
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Centroid , x = i,y=9,z=S or a=4x,b=4y,c=4z
4 4 4

Now (1) gives the locus of G as %+%+£ =4

Self practice problems :

(51) Check whether given points are coplanar if yes find the equation of plane containing them
AE(O5_1a_1)5 BE(41511)’ 05(33934)a DE(_4!454)

(52) Find the plane passing through point (3, 2, 1) and perpendicular to the line joining the
points (2, 4, 3) and (3, -1, 5).

(53) Find the equation of plane passing through the point (2, 4, 6) and making equal intercepts on
the coordinate axes.

(54) Find the equation of plane passing through (1, 2, —=3) and (2, 3, 3) and perpendicular to the
plane 2x +y—-3z+4 =0.

(55)  Find the equation of the plane parallel to 2i + j—k andi-2j—3k and passing through (2, 1, 3).

(56) Find the equation of the plane passing through the point (1, 1, — 1) and perpendicular to the
planes x + 2y + 3z—-7 =0and 2x -3y + 4z = 0.

Answers : (51) yes,5x—-7y+11z+4=0 (52) x-5y+2z+5=0
(58) x+y+z=12 (54) 9x—-15y+z+24=0
(55) x-y+z=4 (56) 17x+2y—-7z=26

Position of point with respect to plane :

A plane divides the three dimensional space in two equal parts. Two points A (x, y, z,)
and B (x, y, z,) are on the same side of the plane ax + by + cz + d = 0 if ax, + by, + ¢z, + d and
ax, + by, + ¢z, + d are both positive or both negative and are opposite side of plane if both of these
values are in opposite sign.

Example #45 : Show that the points (1, 2, 38) and (2, — 1, 4) lie on opposite sides of the plane
X+4y+z-3=0.

Solution : Since the numbers 1+ 4 x2+3-3=9and 2 -4 + 4 -3 = - 1 are of opposite sign, then points
are on opposite sides of the plane.

A plane & a point
P(x1,y1, z1)

1Py, z')

R(X”,y", ZH)

Let P=ax + by + cz + d = 0 is a given plane and P(x1, y1, 1) is given point as shown in figure.
Let F(x', y', Z') be the foot of the point P (x,, y,, z,) with respect to the plane P.

And R(x", y", ") be the reflection of point P (x,, y,, z,) with respect to the plane P.
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(i) Distance of the point (x1, y1, z1) from the plane ax + by + cz+ d = 0 is given by
ax, +by, +cz, +d

JaZ +b% +¢c?

(i) The length of the perpendicular from a point having position vector a to plane 7.n =dis
N a . n-d|
In|
(iii) The coordinates of the foot (F) of perpendicular from the point (x,, y,, z,) to the plane
ax+by+cz+d=0are = XYV 274 __ (ax, J;by‘:CZ‘:d)
b c a‘+b”+c
(iv) The coordinates of the Image (R) of point (x,, y,, z,) to the plane
ax+by+cz+d=0are = XYV 274 __ 2(ax, :by12+czz1 +d)
b c a‘+b° +c

Example # 46 : Find the image of the point P (3, 5, 7) in the plane 2x + y + z = 0.
Solution : Givenplaneis2x+y+z=0 . (1)

Direction ratios of normal to plane (1) are 2, 1, 1
Let Q be the image of point P in plane (1). Let PQ meet plane (1) in R then PQ L plane (1)
Let R=(@2r+3,r+5r+7)
Since R lies on plane (1)
22r+3)+r+5+r+7=0 or, 6r+18=0 r=-3
L R=(-3,2,4)
Let Q=(a, B,7)
Since R is the middle point of PQ
3. ¢ +3

Q=(-9,-1,1).

=

= a=-9and2= = B=—1and 4= +— = y=1

+5 Y+7
2

l\) ‘

Example # 47 : A plane passes through a fixed point (a, b, ¢). Show that the locus of the foot of perpendicular

to it from the origin is the sphere x2 + y2 + zZ2—ax—-by—-cz=0

Solution : Let the equation of the variable plane be /x + my +nz+d=0 ... (1)

Plane passes through the fixed point (a, b, ¢) fa+mb+nc+d=0 ... (2)
Let P (a, B, y) be the foot of perpendicular from origin to plane (1).

Direction ratios of OP are
0(0, 0, 0)

lP(a, B.v)

(I_OsB_Oly_O |e Q,B,’y
From equation (1), it is clear that the direction ratios of normal to the plane i.e. OP are ¢, m, n;
o, B, yand ¢, m, n are the direction ratios of the same line OP

o _ By 1 sy (=ka,m=kB,n=ky .. 3)
¢ m n k
Putting the values of ¢, m, n in equation (2), we get kaa + kb + key +d=0 ... (4)
Since a, B, v lies in plane (1) lo+mB+ny+d=0 . (5)
Putting the values of 2, m, n from (3) in (5), we get ko? + kB2 +ky?+d=0 ... (6)
or ka2 + kB2 + ky2 — kao — kbp —key =0 [putting the value of d from (4) in (6)]
or o?+P2+y?—aa—bp—cy=0
Therefore, locus of foot of perpendicular P (o, B, y) is X2 +y?+z2—ax—by—cz=0 ..... (7)

A
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Self practice problems :

(57) Find the intercepts of the plane 3x + 4y — 7z = 84 on the axes. Also find the length of
perpendicular from origin to this plane and direction cosines of this normal.

(58) Find: (i) perpendicular distance (ii) foot of perpendicular
(iii) image of (1, 1, 1) inthe plane 3x + 4y — 122 + 13 =0
84 3 4 -7
Answers : 57 a=28,b=21,c=-12,p = ; , ,
©7) = Fa Fr
(58) () g (i) (=1, 1/2, 1) (iii) (-3, 0,1)

Angle between two planes :

(i) Consider two planes ax + by + cz + d =0 and a’'x + b’y + ¢’z + d' = 0. Angle between these
planes is the angle between their normals. Since direction ratios of their normals are (a, b, ¢)

and (a’, b’, ¢’) respectively, hence 0, the angle between them, is given by

aa'+bb'+cc'
cos 0 = =
Ja? +b? +c®  a? +b? +c?

Planes are perpendicular if aa’ + bb’ + cc’ = 0 and planes are parallel ifil =§ =£,

a c

(ii) The angle 6 between the planes f .A, =d, and f . n,=d, is given by, cos 6 = ﬁ
1 2
Planes are perpendicular ifii,. 1i,= 0 & planes are parallel if n, =An,.
Distance between parallel planes :
| d1 _dz |

Distance between two parallel planes ax + by + cz+d, =0andax+by +cz+d,=0s

Ja? +b? +¢c?

Example # 48 : Find the distance between the parallel planes 2x -y +2z+3=0and 4x -2y +4z+5=0
Solution : Givenplanesare2x -y +2z+3=0 and 2X—y+22+5/2=0

Required distance between planes = [3-5/2] 1

J@PR + (=12 +(2¢7 6

Angle bisectors

(i) The equations of the planes bisecting the angle between two given planes
ax+by+cz+d =0andax+by+c,z+d,=0are
a,x+by+c,z+d, _ ax+by+c,z+d, (1)
al +b%+c? as +bs+c3
a,x+b,y+c,z+d, _ X +by+Cz+d, )
al +b%+c? as +bs+c3
(ii) Ifa, « +b, B +¢, vy +d,and a,a +b,p +c, v +d, are of same/opposite sign then (1)/(2)

gives equation of angle bisector of region containing point (oc,B,y)

(iii) Ifa,a, + b,b, + c,c, > 0, then equation (1)/(2) gives obtuse/acute angle bisector
and if a,a, + b,b, + c,c, < 0, then equation (1)/(2) gives acute/obtuse angle bisector.
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Family of planes

(i)

(ii)

Example # 49 :

Solution :

Example # 50 :

Solution :

Example # 51

Solution :

Any plane passing through the line of intersection of non—parallel planes or equation of

the plane through the given line in non symmetric form.

ax+by+cz+d=0 & ax+by+c,z+d,=0is

ax+by+cz+d +A(ax+by+c,z+d,) =0, where A € R

The equation of plane passing through the intersection of the planest . n, =d, & r.n, =d,

is. T (n, + An,) =d, + Ad, where A is arbitrary scalar

Find the equation of the plane through the line of intersection of the planes x + 2y + 3z + 2 = 0,
2x + 3y — z + 3 = 0 and perpendicular to the plane x + y + z=0

Theplaneis x +2y+3z+2+A (2x+3y—2z+3)=0

or(1+2 ) x+(2+30)y+(B3-A)z+2+31=0

It is perpendicularto x +y +z =0

.'.1+2k+2+3k+3—k=00r2k+3=0:k=—%

Substituting we get4x + 5y -9z +5=0

Find the equation of the plane through the point (1, 1, 1) which passes through the line of
intersection of the planesx + y +z=6and 2x + 3y + 4z + 5= 0.

Given planesare x+y+z-6=0 .. (1)

and 2x+3y+4z+5=0 . (2)

Given pointis P (1, 1, 1).

Equation of any plane through the line of intersection of planes (1) and (2) is
X+y+z-6+k(2x+3y+4z+5 =0 ... (3)

If plane (3) passes through point P, then

3

14

From (3) required plane is 20x + 23y + 26z — 69 =0

1+1+1-6+k(2+3+4+5) =0 or, k=

Let planes are 2x + y + 2z =9 and 3x — 4y + 12z + 13 = 0. Which of these bisector planes
bisects the acute angle between the given planes. Does origin lie in the acute angle or obtuse
angle between the given planes ?

Given planes are - 2x-y-2z+9=0 ... (1)

and 3x-4y+12z+13=0 .. 2

Equations of bisecting planes are 2x-y-22+9 _, Sx-dy+122+13
(22 +(—1)% +(-2)2 3%+ (4 +(12)2

or, 13[-2x-y—-22+9]=+3(3x—4y + 12z + 13)

of, 35x +y+62z2=78, ... (3) [Taking +ve sign]

and 17x +25y-10z=156 ... (4) [Taking — ve sign]

Now aa,+bb,+cc,=(-2)3)+(-1)(-4)+(-2)(12)
=—6+4-24=-26<0
Bisector of acute angle is given by 35x + y + 62z = 78
a,a, + b,b, + c,c, <0, origin lies in the acute angle between the planes.
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Example # 52 : If the planes x —cy —bz =0, cx —y + az = 0 and bx + ay — z = 0 pass through a straight line,
then find the value of a2 + b2 + ¢? + 2abc.

Solution : Givenplanesare x—cy—-bz=0 ... (1)
cX-y+az=0 L. (2)
bx+ay-z=0 L. (3)

Equation of any plane passing through the line of intersection of planes (1) and (2) may be
takenas x—cy—bz+A(cx—-y+az)=0
of, xX(1+Ac)-y(Cc+A)+z(-b+ar)=0 ... (4)
If planes (3) and (4) are the same, then equations (3) and (4) will be identical.
1+ch  —(c+1) -b+al

b a1

(i (ii) (iii)
From (i) and (ii), a + ack = — bc — b

(a+bc)

of, A=— @b (5)

From (ii) and (iii),
—(ab+c)
et
—(a+bc) —(ab+c)

F 5) and (6), we h =
rom (5) and (6), we have 21D -2

cC+i=—ab+a* or A=

or, a—ad+ bc—a?bc =a%bc + ac? + ab? + bc
or, a’bc +act+ab?2+at+a%bc—-a=0 or, a2+ b2+ c2+2abc=1.

Self practice problems:

(59) Find the equation of plane passing through the line of intersection of the planes
2x — 7y + 4z =3 and 3x — 5y + 4z = 11 and the point (-2, 1, 3).

(60) Find the equations of the planes bisecting the angles between the planes x + 2y + 2z — 3 = 0,
3x + 4y + 12z + 1 = 0 and sepecify the plane which bisects the acute angle between them.

(61) Show that the origin lies in the acute angle between the planes
X+2y+2z-9=0and4x -3y +12z+13=0

(62) Prove that the planes 12x — 15y + 16z —-28 =0, 6x + 6y — 72— 8 =0 and
2x + 35y — 39z + 12 = 0 have a common line of intersection.
Answers : (59) 15x—47y + 28z =7
(60) 2Xx+7y—-52=21,11x+19y + 312 =18;2x + 7y — 5z = 21
Angle between a plane and a line:

(i) If © is the angle between line X —€x1 YY1 _Z7% anq the plane ax + by + ¢z + d = 0, then
m n

al’ + bm+ ¢cn
\/(a2+b2+cz) N
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(i) Vector form: If O is the angle between a line = (a+ Ab) andf . ii = d then sin 0 {
. . . (  m n s
(iii) Condition for perpendicularity 26 "o bxn=0
(iv)  Condition for parallel al+bm+cn=0 b.i =0
Condition for a line to lle In a plane
(i) Cartesian form: Line > —€x1 YTV 274 wouldlieina plane
m n
ax+by+cz+d=0,ifax, +by,+cz,+d=0&al+bm+cn=0.
(ii) Vector form: Linet = a+ A b would lie in the plane? .i =dif b.i =0&a. fi=
Example # 53 : Find the distance of the point (1, 0, — 3) from the plane x — y — z = 9 measured parallel to the
. X—-2 y+2 z-6
line = = .
2 3 )
Solution : Givenplaneisx-y-z=9 ... (1)
Given line ABjs X=2_Y*+2_2=6 @)
2 3 -6
Equation of a line passing through the point Q(1, 0, — 3) and parallel to line (2) is
x1_y_z+# _ . 3)
2 3 -6
Co-ordinates of any point on line (3) may be taken as
P(@r+1,3r,—-6r-3)
If P is the point of intersection of line (3) and plane (1), then P lies on plane (1),
(2r+1)—-(@r)—(-6r-3)=9
r=1
or, P=(3,3,-9)
Distance between points Q (1,0,—-3)and P (3, 3, - 9)
B
/ Q(1,0,-3)
A /
%
PQ=\3-17+(3-0F +(-9-(- 3)7 =4+9+36 =7.
Example # 54 : Find the equation of the plane passing through (1, 2, 0) which contains the line
x+3 y-1 2z-2
3 4 -2
Solution : Equation of any plane passing through (1, 2, 0) may be taken as
ax=1)+b(y-2)+c(z-0=0 .. (1)

where a, b, ¢ are the direction ratios of the normal to the plane. Given line is
x+3 y-1 2z-2
3 4 2
If plane (1) contains the given line, then

d
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Example # 55 :

Solution :

3a+4b-2¢=0 L. (3)
Also point (— 3, 1, 2) on line (2) lies in plane (1)
a-3-1)+b(1-2)+c(2-0)=0
of, -4a-b+2c=0 L. (4)
a b c

Solving equations (3) and (4), we get = =
ving equat ) (4). we g 8-2 8-6 -3+16

a b ¢
or, —=—=—=k(say). ... 5
56=2"13 (say) ®)
Substituting the values of a, b and ¢ in equation (1), we get
6(x—1)+2(y-2)+13(z-0)=0.

of, 6x + 2y + 13z — 10 = 0. This is the required equation.

x-1 y+1 z-3

Find the equation of the projection of the line "

onthe plane x + 2y + z=9.

Let the given line ABbe X1 -¥Y*1_2=8 )
2 -1 4

Givenplaneis x+2y+z=9 . (2)
Let DC be the projection of AB on plane (2)
Clearly plane ABCD is perpendicular to plane (2).
Equation of any plane through AB may be taken as (this plane passes through the point
(1,-1,3) online AB)

ax-1)+by+1)+c(z-8%=0 .. (3)
where 2a-b+4c=0 . (4)
[+~ normalto plane (3) is perpendicular to line (1)]
Since plane (3) is perpendicular to plane (2),

a+2b+c=0 L. (5)
Solving equations (4) & (5), we get a._ b <.

-9 2 5

Substituting these values of a, b and ¢ in equation (3), we get
9(x—-1)—-2(y+1)-5(z-3)=0
o, 9% -2y-5z2+4=0 L. (6)
Since projection DC of AB on plane (2) is the line of intersection of plane ABCD and plane (2),
therefore equation of DC will be

d9x—2y—52+4=0 ..... (|) ..... @)
X+2y+z-9=0 ... (ii)
Let 7, m, n be the direction ratios of the line of intersection of planes (i) and (ii)
9/-2m-5n=0 .. (8) and {+2m+n=0 ... 9)
4 m n ¢ m n
= = - —_——=——_— = —
-2+10 -5-9 18+2 4 -7 10
Let any point on line (7) is (a, B, 0) = 900-2+4=0
1 17
2-9=0 =— ,B= —
o+ 2B = o > B 1
« 1 17
"2 Y74 _z-0

So equation of line is = =
4 -7 10
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Self practice problems :

Xx-2_y+3_z-6 is perpendicular to the plane

(63) Find the values of a and b for which the line ) 5

3x—2y +bz+10=0.
x-1 y-2 z-3
3 3

and

(64) Find the equation of the ©plane containing the lines

x-2 y-3 z-4

3 4 5
. - . x—-2 y-3 z-4 .
(65) Find the plane containing the line 5 = 3 -3 and parallel to the line
x+1 y-1 -z+1
1T 2 1
(66)  Show that the line X2_1 = y;2 = 2:13 & X;4 = y2—1 = z are intersecting each other.
Find their intersection point and the plane containing the line.
Answers : (63) a=-6,b=1 (64) 3x-y-z+2=0

(65) 13x+3y-7z-7=0 (66) (-1,—1,-1)&5x—18y+11z-2=0

Non-symmetrical form of line :

A straight line in space is characterised by the intersection of two planes which are not parallel and
therefore, the equation of a straight line is a solution of the system constituted by the equations of the
two planes, Pr=ax + b,y +c,z+d, =0and P2=ax + b,y + ¢,z + d,=0. This form is also known as

non-symmetrical form.

riQ =asi+byj+CoK

n, =aqi +byj+cik

Common Line

To find the equation of the line in symmetrical form, we must know (i) its direction ratios (ii) coordinate
of any point on it.

(i) Direction ratios: Let 7, m, n be the direction ratios of the line. Since the line lies in both the
planes, it must be perpendicular to normals of both planes.
Soal+bm+cn=0 af+bm+c,n=0.From these equations, proportional values of
m n

C 4
£, m, n can be found by cross-multiplication as = =
b,c,-b,c, c,a,-c,a, ab,—-ab,
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(i) Point on the line — Note that as ¢, m, n cannot be zero simultaneously, so at least one must

be non-zero. Let a,b, — a,b, # 0, then the line cannot be parallel to xy plane, so it intersect it.
Let it intersect xy-plane in (x,, y,, 0). Then a,x, + b,y, + d, = 0 and a,x, + b,y,+ d,= 0.Solving
these, we get a point on the line.

Note : If 7+ 0, then we can take a point on yz-plane as (0, y,, z,) and if m # 0, then we can take a point on xz-

plane as (x,, 0, z,).

Coplanar lines : Condition of coplanarity if both the lines are in general form Let the lines be

ax+by+cz+d=0=a'x+b'y+c'z+d & ox+PBy+yz+0=0=a'x+B'y+yz+?d

a b ¢ d

They are coplanar if a’ b’ ¢ d =0
o B vy o
al Bl ’}/l 8!

Example # 56 : Find the equation of the line of intersection of planes 4x + 4y — 5z = 12, 8x + 12y — 13z = 32
in the symmetric form.

Solution : Given planes are 4x + 4y -5z -12=0 .. (1)
and 2x-3y+4z=5 (2)
Let ¢, m, n be the direction ratios of the line of intersection :
then 4/-4m-3n=0 . (3)
and  42/—12m+13n=0. - -_M N o f_m_n
-8+9 6-4 -3+4 1 2 1

Hence direction ratios of line of intersection are 1, 2, 1.

Let the line of intersection meet the xy-plane at P (a, 8, 0).

Then P lies on planes (1) and (2)
o 2B=4 of, 20-33=5 L. (5)
o=—2,p=-3

Hence equation of line of intersection in symmetrical form is — =.

Example # 57 : Find the angle between the linesx -3y -4 =0,4y—z+5=0and
x+3y—11=0,2y-z+6=0.

-3y-4=0
Solution : Given lines are Xzoy=a=bt (1)
4y-z+5=0
x+3y-11=0
d s 2
an 2y—z+6=0} )

Let ¢,, m,, n, and ¢,, m,, n, be the direction cosines of lines (1) and (2) respectively

line (1) is perpendicular to the normals of each of the planes
x—3y—4=0and4y—-z+5=0
¢, -3m,+0.n, =0 .. (3) and 0/, +4m,—n, =0 .. (4)
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Example # 58 :

Solution :

or,
or,

Solving equations (3) and (4), we get 3€ = =

or, LMDy e,
3 1 4

Since line (2) is perpendicular to the normals of each of the planes

x+3y—11=0and2y-z+6=0,

l,+3m,=0 .. (5) and 2m,-n,=0

L, =—3m, or, % =m, and n,=2m, or, n??
Lo Me Moy ey,

-3 1 2

If © be the angle between lines (1) and (2), then cos6 = 7,7, + mm, + nn,

= (3K) (= 3t) + (K) (1) + (4K) (2t) =— Okt + kt + 8kt =0 .. 0 =90°.

Show that the lines x=3 = y+1 = Z2+2 and X=7_y_z+7 are coplanar. Also find the
2 -3 1 -3 1 2

equation of the plane containing them.

Given lines are X=S = y+:-31 = 2:2 =r (say)..... (1) and X_37 :%: 227 =R (say) ..... (2)

If possible, let lines (1) and (2) intersect at P.
Any point on line (1) may be takenas (2r+3,—-3r—1,r-2)=P

(let).

Any point on line (2) may be takenas (-3R +7, R, 2R -7) = P (let).

2r+3=-3R+7 or, 2r+3R=4
Also -3r-1=R or, —-3r—-R=1
and r-2=2R-7 or, r—-2R=-5.

Solving equations (3) and (4), we get, r=—1,R=2
Clearly r = -1, R = 2 satisfies equation (5).

Hence lines (1) and (2) intersect.

lines (1) and (2) are coplanar.

x-3 y+1
Equation of the plane containing lines (1) and (2) is 2 -3
-3 1

x=3)(-6-1)-(y+1)(4+3)+(z+2)(2-9)=0
- 7(x=3)=7(y+1)-7(z+2)=0 or, X-3+y+1+2

Self practice problems:

z+2
11=0
2
+2=0or, X+y+z=0.

(67) Find the equation of the line of intersection of the plane
X—-y+2z=5, 3x+y+2z=6.
(68) Prove that the three planes 2x + y —4z-17=0,3x + 2y - 22-25=0,2x -4y + 32+ 25=0
intersect at a point and find its co-ordinates.
Answers 67) =M _By+9 2 ey (37,21
-33 5 1
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/

Bl Exercise-1 |

= Marked questions are recommended for Revision.

w fffed aea |Evm I 9 B

PART -1 : SUBJECTIVE QUESTIONS

AT - | : fAYATHS YT (SUBJECTIVE QUESTIONS)

Section (A) : Position vector,

Direction Ratios & Direction cosines

Qug (A) : e, e 3 3R e X1 o1 GHHR00

A-1. (i) Let position vectors of points AB and C are @, b and ¢ respectively. Point D divides line segment

BC

internally in the ratio 2 : 1. Find vector AD.
(i) Let ABCD is parallelogram. Position vector of points A,C and D are a, ¢ and d respectively .

If E divides

line segement AB internally in the ratio 3 : 2 then find vector DE .

(iii) Let ABCD is trapezium such that AB =3DC. E divides line segement AB internally in the ratio 2 : 1
and F is mid point of DC. If position vector of A,B and C are a,b and ¢ respectively then find vector FE .

(i) 7 f5 fag ABRIR C& Red afder waer a, b iR ¢2| <5 D v@mavs BC &1 g D W 2: 1

3

are: fawIfora @vam 2 | 99 |feer AD sd SR |
(i) AT ABCD U& #=R agsl & fag A,C iR D & forg Rera wfdw ot a, ¢ ok d 21 afk E

RECIRCLS]

AB & 3: 2% 3r=iRe fa9ifrd @xer 8 | 99 |fesr DE sird #Ifg |

(iii) 7T ABCD U% \Herd agHdl 39 YHR & f& AB =3DC 2| E Y@m@vs AB &1 2 : 1 # ra-fawifora

P B |

T F, DC &1 7eg fag 2| 9fd AB iR C o Refy afder wer a,b &R ¢ 2, o 9fder FE 2 —

2¢+b-3a

Ans. (i)

Sol. (i)

(i) 3¢+ 55 -8d (i 5b +

26 +b

Position vector of D is

D &1 Reify wfe 253”’ 2

vector dfesr AD =

26+b .
-a

a—6¢c
6
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Vector wifeer c—d = ¢
Vector Tf2e AE = S (6—8)
5
Position vector of E is a+ g(é —d)
E o1 Reify afew a+g(a—a) 2

5a+3¢-3d . 5a+3c-8d

5

d

D 1:1 C
F
E
A 21

Vector dfesr AB = b-a

vector |fe3 DE =

(iif)

|

(o2

Vectorafesr DF = FC =

o.) ‘

AF = AG + CF = (6-4) + ¢ (a—b)

vector &% AE = 2 (B—é)
3
FE= AE - AF = 2 (5-3) - [(a_a)+%(é_5)j
_ %(B—é) +a—¢
_ 5b+a-6¢
- 6
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A-2.

Sol.

Sol.

InaAABCH , AB=6i+3j+3k ; AC =3i -3] +6k [16JM120001]
D and D’ are points trisections of side BC
Find AD and AD'.

AABC ¥ , AB = 6i+3j+3k; AC =3i -3] +6k
DR D'y BC® ffaursid & fa=g ¢ |
AD TI1 AD' siTd BT |

Ans. 5i +] +4k, 4i —] +5K .

A

B D D’ C

1 : 1 : 1
A - 2-AB +1-AC _ 12i +6] +6k + 3i -3] +6k

- 3 - 3
_ 15i +3j +12k _ 5’i\ +'J: +4R
3
AD - 1" AB 3+2-AC _ 6 +3] +3k +36| 6] H12k _ 0 sk

If ABCD is a quadrilateral, E and F are the mid-points of AC and BD respectively, then prove that
AB+AD +CB+CD = 4EF

afs ABCD Us% dq« el & a1 E Al F H¥: o1 AC d211 BD & #eg fa=g 2, @1 usfRia
1Sy f6 AB+AD+CB+CD =4EF

/\
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A-4.=

Ans.

Sol.

Ans.

Sol.

Let ABCD is parallelogram where A = (1,2,4) , B = (8,7,9) and D = (6,1,5) . Find direction cosines of line
AC
AT ABCD & SHT=R dgol & el A = (1,2,4), B =(8,7,9) 3R D = (6,1,5) @@ ¥@1 AC & fa&® Sream

ST I |

623) (623
777) (7777

Mid point of BD is M (7,4,7)
6,1 ,D)

124 8.7.9)

Direction ratio of AM is (6,2,3)

direction cosines of AC is (6 2 3) or (_—6_—2_—3j
777 7 7 7

Let one vertex of cuboid whose faces are parallel to coordinate planes is (1, 2, 3). If mid-point of one of
the edge in (0, 0,0) then find possible

(i) total surface area of cuboid. (i) length of body diagonal.

A 6 o9 s wode Mdwie g9l & 9HRR 7, &1 Uh WY (1,2, 3) ® It fFR & Ud &1 wey
f45 (0,0, 0) T | I9 FHIfAT & |

(i) T B F[A IO ST (ii) fawot @ T
(i) 40, 38,32 (i) V41, V26, V17

B1

B2
1B,

(1,2,3)
(0, 0, 0) can be either B+ or B2 or Bs
Length of sides of cuboid are either 1,2, 6 0or 1,4,30r 2,2, 3

= Length of body diagonal of cuboid can be Ja1, 26, 17 B,

/\
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= Surface area of cuboid can be 40, 38, 32

Hindi.
(0, 0, 0) By I1 B2 AT Bs 81 hell ®
T @ ST B =TS 1,2,63A11,4,3A12,2,38 |
= g B fadol B TS V41, V26, V17

= T B I &% 40, 38, 32 B |

A-6.  Find the direction cosines 7, m, n of line which are connected by the relations / + m + n =0, 2mn + 2m/

-n/ =0.
@ B [XE\DISAY £, m, n AT DI S6(d T £+ m +n=03R 2mn + 2m/ —n/ = 0 ERT F=HHT & |
Ans _i _i iora‘[i__‘l__‘l
NN N J6" 6’ 6
Sol. =—(+m) L. (1) 2mn+2ml-nl=0 .. (2)
—2k(/+m)+2mi+ (L +m) (=0
= =2m/-2m2+2ml + 2+ mf =0 = 2Z+ml—-2m2=0 = £=1, -2
m
Case-|:
We have J&f £:1 = /=m Sosdfll n=-2¢ So 31, fm:in=1:1:-2.
m
= direction cosines are fedmaIsaTg 41 =2 or T 412 =
‘ NN NG
Case-l:
We have I&f Lo = /=—2m = /fim:in=-=2:1:1
m
] . . . e —2 1 1 2 -1 -
hencesrd: direction cosines are @@ — =, —, —= @]

NN NN N N

Section (B) : Dot Product, Projection and Cross Product

gus (B) : Jfaw IvM, &g iR wfeer oM

B-1. Show that the points A, B, C with position vectors 2i — j+k ,i-3j—5k and
3i- 4] — 4k respectively are the vertices of a right angled triangle. Also find the remaining
angles of the triangle.

sofzd f& fasg A, B, C & R Rafy wfewr 2i—j+k,1-3]-5k 3R 3i-4] -4k waar e & oid
g qa1 B & O Bor f s PRI —

Ans. ZA = cos™! fS_S , ZB = cos™! ‘fi , ZC = I
41 41 2

Solution : We have,
AB= (i-3j-5Kk) — (2i—-j+k) =—i-2]—6k
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BC = (3i—4j—4k) —(i—3j—5k) = 2i—j+k
and, CA = (2i—j+Kk) — (3i—4j-4k) = —i +3j+5k
Since AB+ BC +CA = (-i—2]—6k) + (2i —j+K) +(=i +3j+5k) =0
So A, Bﬂd Cire the \iertﬂiceAS of atAriangle. )
Now, BC .CA = (2i-j+Kk). (-i+3]+5k) =—2-3+5=0

= BC L CA = /BCA =g = ABC is a right angled triangle.

Since A is the angle between the vectors AB and AC . Therefore

AB . AC (-i—2j-6k) . (i—3j-5k)
COSA= ——— =
|AB|[AC|  {J(-1)? +(-2)2 (6) J12 +(-3)% +(-5)?
-1+6+30 . 135
- :A cos™ ,|—
J1+4+361+9+25 \l \f41
cosB BA - BC _ (+2]+6k). (i - +k)

IBA||BC| \/12 +22 62 2% + (1) + (1)

2-— 2+6 . |6
= cos B = = B =cos™’ n

g: ug,  AB= (i-3j-5Kk) - (2I—j+k) =—i-2j-6k
BC = (3i—4j-4k) —(i-3j-5k) = 2i—j+k
g,  CA = (2i—j+k) — (81-4j—4Kk) = —i +3]+5k
4fh AB+ BC +CA = (-i—2j—6k) + (2i—]+K) +(—i +3]+5k) =0
gafeg A, B a1 C fBysl & oY 7]
39, BC.CA = (2i—j+Kk).(-i+3j+5k) =—2-3+5=0

= %J.CT:LBCA:% =  ABC @H&Iv Brye 2|
AB 3R AC & 57 @107 A § gafog

AB . AC (—i —2]—6K) . (i”—3]—5R)

T IABIIAC]  J(1F (27 +(—6>2 P +(-8)* +(-5)?

~1+6+30 J7 L I35

= = A=cos' ,|—

i+4+361+9+25 41
_ BA . BC _ (+2j+6k) 2I—j+k)
|BA||BC| \/12 +22 46722 +(—1)% +(1)2

2 2+6 6
= cos B = = B =cos™' n

B-2. If 3, b, ¢ are three mutually perpendicular vectors of equal magnitude, prove thata+b+¢ is

equally inclined with vectors &, b and ¢ .
gfe 3, b, ¢ A9 RER TFad GAE URATT B 2| d9 Rig HIT 6 a+b+¢, dfew 3, b qen
C ¥ RIS BV W FH &8 2|

Solution : Let |a|=|b| =|C| = (say). Since 3, b, ¢ are mutually
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(ii)

(i)

Ans.

perpendicular vectors, therefore @ . b=b . ¢=¢.a=0 .. (i)
Now, |a+b+G[ =4.a+b.b +C .G+ 2a.b+2b.¢ +2 .4
=|aff |+ |bf +|CP =32 [~|a|=|b| =|c|=A]
la+b+c| =3 (ii)

Suppose a+b+¢ makes angles 0,, 6,, 6, with a, b and ¢ respectively. Then,
a.(@+b+c) 4a.a+a.b+a.c  |aP
|al|a+b+¢| |alla+b+c]| lalla+b+c|
|a| A ! Using (i i [ 1 j
=—— = = — sing (ii)] = 0, =cos™ | —
la+b+c| Br B g ! NE)
. 1 1
Similarly, 6, = cos™ (—} and 6, = cos™ (—J
’ 3 ’ 3
Because 0, =0, = 0, , 50 a+b+C is equally inclineded with &, b and ¢
A |a| = |b| =|¢| = (say). If® &, b, ¢ oI Afew ®

cos0, =

a.b=b.¢=C.a=0 ... (i)
9q, |a+b+c| =d.4d+b.b +C.C+ 2 .b+2b.C +2 .4
=|aff [+ |bf +|cf =30 [|d] =|b| =|C|=2]
la+b+¢|=B (ii)
G a+b+C, & b, ¢ B HA 0, 0,,0, BT I B,
a.(@+b+c) a.a+a.b+a.c |af?
Cos0, = ————=—— = - = = o= =
lalla+b+cC]| lalla+b+c| lalla+b+c|
|a| A 1 o £1j
= - = =— [(i = 0, =cos™ | —=
la+b+c| Br B L] ! 3
1 1
FHYUPR, 0, = cos™ (—) 3R 0, = cos™ (—J
’ 3 ’ NE}]
W0, =6,=0,, 39T a+b+C , 3 b 3R ¢ IR FH g 2|
(i) Find the projection of b+G on a where @ = i +2j+k, b = i+3j+k and ¢ = i+Kk.

b+G B & U Y& ST BINT O&l & = i+2j+k, b = i+3j+k 1 ¢ = i+k &
Find the projection of the line segment joining (2, — 1, 3) and (4, 2, 5) on aline  which makes equal
acute angles with co-ordinate axes.

fag (2, -1, 3) 3l (4, 2, 5) B ™ aTell T @ B, ST A 3@ W F&4Y &1 I o1 3q&dl &

|1 FAN R[ABIOT FARN 2 |

P and Q are the points (-1, 2, 1) and (4, 3, 5) respectively. Find the projection of PQ on a line which
makes angles of 1202 and 1352 with y and z axes respectively and an acute angle with x-axis.

fag P dom Q ®9e: (-1, 2, 1) @1 (4,3, 5) 81 PQ &1 S9 ORal V@ W Y&Y A1d DINIY I y T z 37
H HAL: 120° TAT 135° HT HIVT FANH 8 T x-31&7 | *[AGIV g9 2| [16JM120008]

(i) % (ii) % iy 242 -2

/\
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Sol. (i) b+¢ = i+3]+k+i+k = 2i +3j+2k
Projection of B4 on & = (b+6) 4 _ (2i +3j+2K) - (i +2] +K) _2+6+2 _ 10
2l WP +@F+? a1 B
Hindi (i) b+ = i+3]+k+i+k = 2i +3j+2k
bug B 4 T¢ 5ET < (b+¢) 4 _ (2i+3j+2K) - (i+2]+k) _ 2+6+2 _ 10
EY JOZ+ @7 + (1) NETESIING
-1 -1
(iii) m =cos 120°= —; n=cos135°=— P+m?2+n2=1
2 2
1 1 1 1 . .
= P+ —+—=1 = 2= — = ¢ = — as acute angle with x-axis
4 2 4 2
/Q(4,3,5)
= A)
2,
er LI I
2 2’ 2
required projection = |(x, — x,) £ + (Y, —Y,) m + (z,— z,)n|
=5x12+1x(=1/2) +4 x (—1/2) = ‘ -%-2&‘:2(\/5—1)
Hindi m = cos 120° = _?1; n:cos135":_—1 2+m2+n?=1
= £2+l+l=1 = €2=l
4 2 4
= = S X-31&T & 1T gF BT qAH B |
/Q(4,3’5)
= A)
2,
eh L I
2 2’ 2
I U&T = |(X,— X,) £ + (Y, —y,) M + (z,— z,)n|
=5x12+1x(=1/2) +4 x (—1//2) = ‘ —1—245‘:2(45—1)
i B 2
B-4. Prove that {i TJ ( J
a“ b®
i bY 2
fog aifg - | 52| = | 22
a b IaI IbI
Sol.. LHS laP _ |bP 28 . b - 1 1 _=2a )
lal* * |b[* [af |bf lal® |bf [aflbf’
2 2 o4 h = h
RHS lal +|b2| 22a . b = 12+ 12—2a2'b2.Hence Proved.
lal” |b] lal® [b|"> |alb]
Hindi Erreﬁq&1|a| [bf_2a . b 1 1 _2 .b
lal" " |bf [af |b? lal® |bf* [af|bf’
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B-5.

Sol.

B-6.

Sol.

Hindi.

B-7.n

Sol.

lal? +|b[f —2a .

TRIT U —
lal” |b]

-

1 1 _2a.b
laP [bF [afPb[*

ara: g o |

If 3, b are two unit vectors and 0 is the angle between them, then show that:

Ife 4, b N SHE AR & AR 0 ITP 57 B B, A yeiid ST F

(a)
(a)

sin §=% |a-b| (b)

la—bP=|af +|bPf - 2@ . b)

=N la—bP=1+1-2(1)x(1)xcosO =
= sin9=1|é—6|

2 2
(b) la+bP=|aP +|bP +2a . b)=
= |é+6|2=2[1+cose]=4coszg =

If two vectors a and b are such that |a|
(3a—5b)- (2a+7b).

afe 1 afeer a4 dam b s UBR B f || =2, |b| =1dAm a-b =1d (3a—5b)-(2a+7b) &1 AN

ST BINTY |
Ans. O

=2 |b| =1and ab

cos 9:1‘ é+6‘
2 2

= |a—b[P= 1+1—2(1)x(1)xcos
|é—5|2=4sin29

|la—b =2 [1 - cosf] >

=

|a+bP =1+1+2x1x1cos0

cos—=l|é+5|
2 2

[16JM120004]

Here, two vectors a and b are suchthat |[a| =2, [b|=1anda - b =1,

Now,
=6(2)2—10 x 1 + (21 x 1) —35(1)2
=24-10+21-35=45-45=0

(33—5b)-(2a+7b) = 6]|a|> —10a-b +21a-b —35|b [

yei e afeyr a daT b SAUBR ® fb 4| =2, |b|=1dam a-b =1,

31,

(3a—5b)-(2a+7b) = 6|al> —10a-b +21a-b —35|b?

=6(22-10x1+ (21 x1)=35(1)2 =24—10+21-35 =45-45=0

For any two vectors u & v, prove that
(a) &

o o

el

(V)2 +|UxV [ =G|V P

[16JM120003]

(b) (1+[UP)(A+|V P) = (1=UV)? +] U+V +(UxV) ]2
1 gfest o AR v & fav g a9 o —
(b) (A+|uP)(A+]|V ) =(1-uv)?+|u+V+(UxV) [

|
(a) (UV)? +Juxv P =|uf|V]? &
(a) [V]2|u]2 cos20 + |V|2|u|2sin20 = |v]2 |u]?
(b) LHS 1+ |V]2+|u]2 +|u]2|V]?

RHS

=T+ |V +[U]2 +[ul2|V[
LHS = RHS
Hence Proved. (3fa f¥gH)

1+ |ul2|Vv|2cos20 — 2|u| |V] cosO+ |[U|2+|V|2+|u|?|V[2sin20 + 2U.Vv + 0 + O

If the three successive vertices of a parallelogram have the position vectors as,
A(-3,-2,0); B(3,-3,1) and C (5,0,2). Then find

(a)

position vector of the fourth vertex D

/\
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B-9. If ab,C are three vectors such that [a| =5, |b| =12 and |¢| = 13, and a+b+¢ =0, find the value of
ab+bc+ca. [16JM120005]
Ifs ab dur ¢ O\ & wiew ¥ % |a| =5, |b| = 12 @1 |¢| =13, 9 a+b+c=0 B,
ab+bé+ca & W Fd BIRTY |
Ans. -169

Sol.  Consider a+b+c =0 = é+5+6)= 02

= a2+b%+¢? + 2ab+206+2¢a =0 = 25 + 144 + 169 + 2(ab+bc+ca) =0
= 2(ab+bc+c.a) =—338 = ab+b.

o
+
o
!
]

|
—
D
©

B-10.= ABCD is a parallelogram in which AB = 3i —6] +3k and AD = 6i +6] +3k. P is a point of AB such
that AP : PB =1 :2 and Q is a point on BC such that BQ : QC = 2 : 1. Find angle between DQ and PC.
ABCD T&% \HaT=dR agy sl & forad AB = 3i —6] +3k @21 AD = 6i +6] +3k & | P, AB UX U®
favg 39 9sIR 8 f& AP:PB=1:2721 BCUX fd=g QA yaRR & f& BQ:QC=2:1d9 DQ
X PC® #ET HIVT F1d DHIAT |

2
Ans. 0 =cos™
34713

Sol. Let Abe the origin AP = i 2] +k

A1 A¥ fasg & 99 AP =i -2j +k

AG = 18i +12k ZSI —-6j +3k _ 7 _2']: L5k

D C
6i+6]+3k) ©i+6k)

A 5 B(3i—
DQ=7i-2j+5 k-6i-6]-3 k = i—-8j+2 k
PC=9i+6 k—(i-2j+ k) = DQ . PC=|DQ| |PC|cos6

6 +3k)

2
8-16+15= /6993 cosd = 2-3.2331cos6 = 0 = cos™'
3J713
B-11. Prove using vectors : If two medians of a triangle are equal, then it is isosceles.
afee Ay 9 <uisd & afy By @ @1 Tfae R @ 99 a8 aafgarg 2|
Sol. Let ABC be a triangle and let BE and CF be two equal medians. Taking A as the origin, let the

position vectors of B and C be b and ¢ respectively. Then,

P.V.ofE=% ¢ and P.V.of F= lb

BE =1 (c-2p) = CF = ! (6-2)
2 2
Now, BE=CF =Y |BE| =|CF]|
. . 1 N 2 1 R 2
= |IBE|? = |CF :‘5(6—2b) =‘§(b—26)
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Hindi.

A (origin)

|6—26|2=%|6—26|2 = |¢-20P = |b-2CF

(6-2b) . (c-2b) =(b-2¢) . (b-20)

C.C—-4b.C + 4 .b=b.b —-4b.¢ + 4¢.¢

|CP - 4b . C+4|b)P =|b?-4b . ¢+ 4|CP=3|bP=3|cP=|bf=]|c]
AB = AC Hence triangle ABC is an isosceles triangle.

AT ABC Us 3o 8 T BE @211 CF &1 aRTeR #Iegsh1y 2 | A ®1 Jaldwg, o g A1 B3R C &
1 1

U

Refy afew wa3: b &R ééa—s[Eaﬂﬁeﬁ%lﬂﬁﬂ=§ ¢ qder F &1 Refy afewr = EIB
BE - (€ - 2b) = CF =1 (b - 26)
2 2
3, BE=CF = |BE| = |CF|
. o 1 R 2 14 2
= |IBE]> = |CF|? = E(é—zb) =‘§(b—26)
= %|6—26|2=%|6—26|2 = |é-2bP =|b-2¢J
=Y (©-2b) . (G-2b) =(b-26) . (b—2¢)
= C.C-4b.¢ + 4o .b=b.b —4b . ¢ + 4¢ . ¢
=N |ICP - 4b . C+4|b? =|bP?P-4b . ¢ + 4|cP =3 |bP=3|cP=|bf=|cP
= AB = AC 37c: ABC wfgarg 3y 21

B-12.= (i) Find the angle between the lines whose direction cosines are given by the equations :

Ans.

Sol.

3+m+5n=0and6mn-2n/ +5/m=0

(i) Find the angle between the lines whose direction cosines are givenby / + m+ n =0 and /2 + m? =
nz,

(i) S O @RI & 79 BV A BRI ! fd Sreandy e FHaR0 B AT B @ 8-
3/+m+5n=03R6MN-2n/+5/m=0

(ii) 9 Y@l & 7 BV A BT el Rassarg e wwal @ @ ol 2,

f+m+n=0dA 2+ m?2=n2

(i) cos™ (%j (ii) 60°
(i) We have :

3l+m+5n=0 (1)
6mn —2nl + 5Im =0 ..(2)

/\
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From (1), m = —(3l + 5n) .-(3)

Putting the value in (2), we get

—6(3¢ + 5n)n —2n¢ — 15¢2 - 25n¢ = 0 = -18/m-30n2-2n¢—15/2-25n¢ =0
-30n?2-45n/—-152 =0 = 22 + 3/ +2=0 [Divide by (—15)]
@n+/H(n+0)=0

Either2n+/¢=0 or n+/=0

(when 2n+¢=0= /¢ =-2n
from (3), m =—(-6n + 5n) = n
(Mwhenn+/¢=0=/¢=-n

from (3), m = —(=3n + 5n) =-2n

. Direction ratios of two lines are

-2n,n,n and —n, —2n, n
-2,1,1 and 1, 2, -1
Angle between two lines = cos 0 = (=2){1) +(1)(2) + (1)

JE2P + R 12 (17 422 +(-1)°

Hence 6 = cos™’ (%}

Hindi. f&am 2
3l+m+5n=0 (1)
6mn —2nl + 5im =0 -(2)
ITHH (1) F, m=—3l+5n) ..(3)
91 @1 A9 ISR (2) H vEE W

-6(3/+5n)n-2n¢{—-15/2-25n/ =0 = —-18/m-30n2-2n¢—-15/2-25n¢ =0
-30n2—-45n/-152=0 = 22+ 3/M +2=0 [(-15) ¥ Y1 &9 W]
@n+0)(n+¢)=0

AN TG 2n+ (=0 A n+l=0

(I)STd 2n+ £ = 0 = £ = —2n

FHIH (3), Am = —(—6n + 5n) =n

(ST n+l=0=>¢=-n

JHIHI (3) |, m = —(=3n + 5n) =-2n

31 TFI TR ¥Rl & fae srgurd e 8

-2n,n,n dqAT —n, —2n, n
_21171 aAT1 1,2,—1

S TRl @13 B " DIV cos 0 = (2)1 + (@) +{1)(T)
N R R N [ Rt

= 3fc: 6 = cos™ [lj
6
(i)/+m+n=0 (1) fZ4m2=n2 e (2)

Put n=—=(/+m)in (2) = P +m2=/(2+m?+2/m = m=0

Case-l if /=0; m=0 thenfrom (1) m=—n

=— direction cosine are :

L 0 L =1
0 -1 SN2 2
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Vector & Three Dimensional Geometry /

Hindi

B-13.

Sol.

B-14.

Ans.

Sol.

Case-llif /#0;m =0, thenfrom (1), /=—n

Lm_n ‘ direction cosine are : as 0 -1
1o -1 N - AN )
Let 6 be the angle between the lines
cose=0+0+l = cos.e=l p= "
2 3
{+m+n=0 ... (1) fZ+m2=n2 . (2)
(@) #H n=—(/+m) @ W = Pem2=24+m2+2/m /m=0
Case-l I /=0; m=0 a (1) ¥ m=-n é:?:%
: 1 ~1
fow draml 8 0, —=, —=
‘ 27 2
Case-ll 3 (%0 :m=0, @ ()& f=—n . L-M_N R P & =, 0,
1 0 -1 N 2
AT 0 IGRA & AL BT B cose=0+0+%
1 i
cost = — 0=~
2 3
Position vectors of A, B, C are given by a, b, ¢ where axb+bx G+Gxa = 0. If AC = 2i —3]+6k

then find BC if BC = 14. [DRN2037]

A B, C o Reft @fde %79 4, b, G & Wl axb+bx G+Gxa = 0.4 AC = 2i—3j+6k @d BC
1 HIfery afe BC = 14.

Ans. +(4i-6]+12K)

axb—Ccxb+ CExa—cxc = (@a—C¢)xb+cEx(@a—c) =0 = (3—C)x(b—¢) =0
CAxCB =0 .  BCis||to AC ~  BC =¢14[L7”6k] _+ (41 - 6]+12K)
A vector ¢ is perpendicular to the vectors 2T+3]—R,T—2]+3R and satisfies the

condition 6.(27 -+ R) + 6 = 0. Find the vector ¢
s afyer ¢ wfgen 2i +3j-k vd i -2j+3k & w¥gaq 8 aix 6.(2? -+ R) +6 =
0 ®1 AT HRAT & | AT ¢ &I 1T BITAT |

3(—7+]+R)
Let G = ai +pBj +7k
¢12i+3j-k = 20+ 3B—7=0 (1)
CLi-2j+3k = oa—2B+3y=0 (2
and given condition
C.2i-j+k)+6=0 = 200—B+y+6=0 (3)
Solving (1), (2) & (3)
a=-3 B=3 y=3. Hence ¢=3(—i+]+Kk)

/\
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Vector & Three Dimensional Geometry / “_

Hindi. AMI® G = ai +Bj + vk

¢12i+3j-k = 20+3B-7=0 (1)
¢Li-2j+3k = 0—2B+3y=0 (2)
3R fea T ufdey
C.(2i-j+k)+6=0 = 20—B+y+6=0 ..(3)
(1), (2) 3R (3) B! & A W a=-3 p=3
y=3. 3rk ¢=3(-i+]j+k)
B-15. (a) Show that the perpendicular distance of the point C from the line joining a and b is

Sol.

‘6x6+6xé+é x 6\
-3
(b)m.  Given a parallelogram ABCD with area 12 sq. units. A straight line is drawn through the

mid point M of the side BC and the vertex A which cuts the diagonal BD at a point'O". Use
vectors to determine the area of the quadrilateral OMCD.

(@  weRia R 5 a4 Td b @ e ol Y@ @ g ¢ @ oA @
‘6x6+6xé+é x 6\
p-2
(b) TH FHR ag4sl ABCD &1 &Fthel 12 97 S&bTs faam /™1 g | 4o BC & A= fag M
3R W A¥ Toh IRel v Erdi 1% & Sl fdevl BD &1 fag 'O R Predl & | agyst OMCD &1
ga%hd afey fafY @ Jema | 9d S |

Ans. (b) 5 unit sq. 9% SHTS
c(c)

[16JM120007]

=

(a) A(é) : B(B)

Let L distance of ¢ from line joining a and b is p. Now A = %\EXAT: ‘:% ‘ AB ‘xp

_|ABxAC| |(b-a)x(c-a)| _|axb+bxc+cxal

| AB| |b-a] |b-a]
(b) Equation of line AM is

F=>{6+gj
2

=

5(d) C(6 +d)
- d
M| b+—
A(0) B(b)
Equation of line BD is
r=b+u (d-b)

to obtain point of intersection
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Vector & Three Dimensional Geometry /

){6+%J=5+u(a—6):> A=1-p & Z=p = k=1—% or

hence point O is % [6 +%J Area OMCD = Area OMC + Area OCD

1 (1 (- d] (b 2d 1 b 2d) (=2 2-
— |b+=|x|=+—| |+ = || =+— |x| =—b+=d
3(2}[3 3”2(3 3}(3 sj

2
1 l[sxzaixs)J A ‘1(5x2a—4ax5)‘
2|9 2 2 |9
1B Bads L ebxd|= x5 Bxd|
18 |2 18 18~ 2
= 15 x12 =15 sq. units
18x2
Hindi (a)
AL B(b
@ ] (b)
AMIH ¢ @1 a 3R b BT S arell Y@ & =ad 0 p & |
99 A= _|ABxAC ‘:% | AB |xp
- _ |ABxAC| _ [(b-2)x(C—a)| _ |axb+bxC+Cxa|
| AB| |b-a| |b-a|
(b) &l AM ®1 FHHT B
F=){6+gj
2
5(d) C(6 +d)
- d
M| b+—
A(0) B(b)

@ BD &1 Hax0T &8 r=b+p (d—b)
ufiress fag ura a7 & g

x[6+gJ=6+u(a—6) = A=1-p & Z=p N x=1—% or
2(- d
I O, Z|b+—=|%8
fag 3[ +2J I
OMCD &7 &9%d = OMC &1 &3%d  + OCD &1 &3%hdl

1 (- d) (b 2d 1 (b 2d —242aj
— |b+— x| =+—| |+ = || z+— |x| —b+=d
3(2]{3 3”2[3 3](3 3

1
2
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Vector & Three Dimensional Geometry /

B-16.

Solution :

Solution :

1 il l(5x28—4ax6)
2 19

1 6x2d+3xp)
9 2

LI R
18 (2

1 - - 1 15 . - 15
—|B6bxd|=—x—|bxd]| = 12=5 I g&hls
g | B0xdl=qgx 5 bxdl = oo

P, Q are the mid-points of the non-parallel sides BC and AD of a trapezium ABCD. Show that
AAPD = ACQB.
P, Q WHerd agdsl ABCD @1 3RFT=R quTieli BC iR AD & 77 fag 2| <wifsy f&

AAPD = ACQB.

Let AB = b and AD = d

Now DC is parallel to AB = there exists a scalar t such that DC = tAB =tb
AC = AD + DC = d+t b

The position vectors of P and Q are % (b+d+t b) and% d respectively.
Now 2A APD =AP x AD

%(6+8+t b) x d = % (1+1) (bxd)

Also 2ACQB = CQ xCB = E a—(6|+t5)} x[b—(d+t b)]

}x[—a+(1—t) b = —%(1—t) (dxb)+t (bxd)

|||

N =
ol
iR
o

(1-t+2t) (bxd) = =(1+t) (bxd) = 2AAPD Hence Prove.

1
2
A1 AB = b @ AD = d
319 DC , AB & JHI=<R & = a1fewr t fJemm & raf DC =tAB =tb
AC = AD + DC = d+t b
Peﬁ?o$ﬁaﬁvﬁﬂ%(6+a+t B)HW%a%l
)@ 2A APD =AP x AD

] (b+d+t b) x d = 1 (1+1) (bxd)

2 2

gem 2ACQB = CQ xCB =[1 6I—(6|+t6)} x[b—(d+t b)]

}x[—a+(1—t) b] = —%(1—t) (dxb)+t (bxd)

1]
|
[o N}
N
(o]

(1-t+2t) (bxd) = %(Ht) (bxd) = 2AAPD afa: Rig garl |

Section (C) : Line
@us (C) : ¥&rn

C-1.  Find the coordinates of the point when the line through (3, 2, 5) and (-2, 3, —5) crosses the xy plane.
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Vector & Three Dimensional Geometry / “_

Ans

Sol.

Sol.

Sol.

Hindi.

C-3.

Sol.

39 fog @ fdeni® 1d Sy Safe Y@, xy 99dd &1 sredl gs fagall (3, 2, 5) 3R (=2, 3, -5) &
TR B |

22°)

(x, y, 0) divides line segment joining (3, 2, 5) and (-2, 3, =5) in the ratio 1 : 1 internally.

—x= 3__1 _2+3_5
2 277 2 2

(x, y, 0) fa=gatt (3, 2, 5) 3l (-2, 3, —5) &1 A arell ¥@ &1 1: 19 aRke fawia a=xal 2 1
3-2 1 2+3 5
>X= ——=—,y= ——=—
2 2 2 2

Find the foot of the perpendicular from (1, 6, 3) on the line ? = y-1 = ﬁ.

2 3

%(1,6,3)@@8%@1?:y_1=zszwaﬁ@mw$ﬁéwaﬁaﬂm|

2
Ans. (1,3,5)
y-1 z-2

Any point on the line ? =5 = = k (say) (1)
is P(k, 2k + 1, 3k + 2)

Let it be the foot of L from Q(1, 6, 3) on the line (1)

Thend.rs.of PQarek—-1,2k+1-6,3k+2-3 ie., k—1,2k-5,3k -1
As PQis L totheline (1), so

(k=1)x1+(2k=5)x2+(3k=1)x3=0 =k-1+4k-10+9%-3=0 = 14k—14=0=k=1.

. The foot of the L is given by P(1,2x1+1,3x1+2)=(1,3,5).
et v X = Y1 222 (1)
1 2 3

TR Rerd P(k, 2k + 1, 3k + 2) fag

A1 I8 95 Q(1,6,3) ¥ AR ¥ (1) W Sl W o9 UK & Fdeie dd a1 |
A PQ® fad argurd 81 k—1,2k+1-6,3k+2-3  37iq k—1,2k—5, 3k — 1
P PQ A ¥ (1) & o9aq 8, s (k—1) x 1+ (2k=5)x2+(3k—=1)x3=0
—>k-1+4k-10+9%k-3=0 =14k—-14=0=k=1.

31 o7 UG &1 fqeid P(1,2x1+1,3x1+2)=(1,3,5) 81|

(i) Find the cartesian form of the equation of a line whose vector form is given by .
F=2i—j+4k+A(i+]—2K)
0 T Nl BT AR THERUT =20 — |+ 4k +A(i + | —2K) B, AT SHBT BreiTT THIBROT ST BTG |
2x-4 3y+6
1

(ii) Find the vector form of the equation of a line whose cartesian form is given by >

B —-6z+6
= p .

(ii) %@Eﬁwﬂwwmwwm’cﬂwﬁﬁuw2X1_4=3y2+6=_621+6 =

(ii) ¥ =(2i — 2] +K) + M(3i + 4] —K)

[16JM120009]

x-2 y+1 z-4
1 1 -2
(i) F=2i—j+4ak+3 +j—2K)

Ans. (i)

/\
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Vector & Three Dimensional Geometry /

C-4.

Sol.

Hindi.

Let (xf + y] + zR) be a point lying on the line
A6 & T Y@ W Red w1 g (xi + yj + k) B
Xi+yj+zk = i (@+0)+ j=1)+ (@4 -20)= x-2=r;y+1= L ;
x—2:y+1:z—4
1 -2

RET BT THIBROT X;2=y71=2_24 =

Find the distance between points of intersection of
x-1_y-2 z-3 8 x-4 _y-1_
2 3 4 5 2
Linest =(i +j-K)+A@Bi-])& T =@i-Kk)+p(i +3Kk)
frifeRed Yl & uRrede gl @& 7 o od AT —

et x—1=y—2=z—3® x—4=y—1=Z qorT

equation of line is

Lines and

2 3 4 5 2

@i Fo=(i+]-k)+A@Bi-])& [ =(@i-k)+p(2i+3k)
Ans. \/2_6
x-1 y-2 z-3

5 3 7 (Let) (1)
= (2r+ 1, 3r+2, 4r + 3) represents any point on (1)
x—4 -1 z-0

I Al . (2)
5 2 1

To find point of intersection of (1) and (2)
2r+1-4 3r+2-1 4r+3  2r—-3 3r+1 4r+3

= = = = =4r—-6=15r+5=11r=-11=>r=-1
5 2 1 5 2
point of intersection of (1) and (2) is (- 1,—-1,-1)
r=(+j-K)+13i—]) (1) I =(4i —K)+p(2i +3K) ... (2)
For their point of intersection
Bh+l1=4+21 = 3-2u-3=0 .. (3)
1-2=0 = A=1 .. (4)

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

requweddlstance_«f4+1 +1+0 = 25+1 = 26
x-1 y-2 z-3
2 3 4
= r+1, 3r+2, 4r+3) 3@ (1) R Reyd &1 fdg &1 y=lRid &=an 2|
x—4 -1 z-0

N Al - (2)
5 2 1
(1) 3R (2) &1 wfoeee g o &= & forg —
2r+1-4 3r+2-1 4r+3  2r—-3 3r+1 4r+3

=r (9T (1)

= = = = = =24r—-6=15r+5=11r=-11=r=-1
5 2 1 5 2 1
(1) 3R (2) &1 ufvese fag (-1, -1,-1) B
r=@+j-K)+M3i—]) (1) I =(4i —K)+u(2i +3K) ... (2)
% ufiees fig & forg
B+1=4+2p =  3h-2u—-3=0 .. (3)
1-2=0 = A=1 . (4)
IR -1=-1+3p p=0
ufoess fag (4,0,-1) 21 afe g8 = \J(4+1)°+1+0 = 2541 = 26

/\
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Vector & Three Dimensional Geometry / “_

C-5.

Ans.

Sol.

Ans.

Hindi.

C-6.

Sol.

Show that the foot of the perpendicular from the origin to the join of A(-9, 4, 5) and B (11, 0, —1) is the
mid point of AB. Also find distance of point (2, 4, 4) from the line AB.

yefRid FIfog f6 fageli A(-9, 4, 5) 3R B (11, 0, —1) &1 M arell @ R qafds 4 STl T od= B
e AB &1 Wed fdwg © e Y@ AB ¥ g (2, 4, 4) &1 T 1 =1 BIRT |

3
05(0, 0, 0)

A P B

(-9.4.9) (11,0, - 1)
P (mid-point of AB) is (1, 2, 2)
drsof OPare:1,2,2 and drsof ABare:20,—4,—-6
1x20+2x(—4)+2x(—6)=20-12-8=0

o OP 1L AB

as the midpoint of (0, 0, 0) and (2, 4, 4) is (1, 2, 2) so the distance = V1+22+22 =3

3
0,(0,0,0)
A P B
(-9,4,%) (11,0,—1)
P (AB &1 weafdsg), (1,2,2) 8 - OP & fesargua & 1,2,2
IR AB® femerud & 20,-4,-6
1x20+2x(—4)+2x(—6)=20-12-8=0 .. OP L AB

9% (0, 0, 0) 3R (2, 4, 4) &1 7eg fa5 (1, 2, 2) © gAfog 0 = 1422 122 =3

Find the equation of the two lines through the origin which intersect the line % = y1;3 = % at an
angle of n/3.
T ¥ ToRA dTell Q1 Wel YRl & FHISRU Fd SIS S 3@l ng =yT_3=%Eﬁn/3WW
Hredl 2|
Ans, X_Y_z _x_y_ 2z
1 2 17 1 -2
0, 0,0)
/3 2,1, 1
/\
(2r+3,r+3,n X-3_y-3_2Z
2 1 1

Any point on the given lineis (2r + 3, r+ 3, )
Drsofnewlineare=2r+3, r+3, r

/\
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Vector & Three Dimensional Geometry / “_

Hindi.

C-7.

Sol.

C-8.

Sol.

C-9.»

cos T = (2r+3)+1(r+3)+1r
3 V6 J(2r+3) +(r+3)° +

Solving above we get r=—-1,-2

Drsare 1,2, -1 or -1,1,-2
equation of the line is > =¥ = £ or x_y_z
1 2 1 11 2
(, 0, 0)
/3 2,1, 1
/\
@r+3,r+3n X-3_y-3_z
2 1 1
& T R B g R (2r+3, r+3, 1)
IS X1 & faderqurad €=2r+3, r+3, r
cos T = 22r+3)+1(r+3)+1r
3 6 J@isp+rraye
Wﬁmmﬁwgﬁqmﬁm%u:—n—z
@ 1,2, -1 a7 -1,1,-2%]
T BT TR X_¥Y_z g X_¥Y_Z 3
1 2 - 1 1 -2

The foot of the perpendicular from (a, b, ¢) on the line x =y = z is the point (r, r, r), then find the value of
r.

g (a,b,c) W Y@ x=y =2 W ST T oH & UG &5 (r,r,r) &, Al r B A G B |

Ans (o a+b+c
) 3
(a, b, c)
(O, 0 0) (r,'r,r)
X=y=2z=r
(r=a)r+(r=b)yr+(r-c)yr=0
a+b+c=3r

Find the shortest distance between the lines :
= (4i-])+A (i+2]-3Kk) and 1= (i—j+2K)+p (20 +4]—5k)

TGE o= (4i—))+r ((+2]-8K) 3R T = (i—j+2K)+p (20 +4]-5k) & &g =qq O S BT |

Ans. %unit‘s’aﬂ’s‘
op _ (i=i+2k—4i+]) - [(i+2]—3k)x(2i + 4] - 5K)] _|
-+ 2] - 3k) x (21 + 4] - 5K) |

 3i+2k) . @-j)] 6

12 -] |5

x—-3 _ y-8 _ z-3 and X+3 _ y+7 _ z-6
-1 1 -3 2 4
respectively. A and B are two points on L, and L, respectively such that AB is perpendicular both the

Let L, and L, be the lines whose equation are

/\
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Vector & Three Dimensional Geometry / “_

Ans.
Sol.

Hindi.

Cc-10.

Sol.

Hindi

C-11.

lines L, and L,.Find points A, B and hence find shortest distance between lines L, and L,

A5 V@ L, 7o L, foe aefiasor wawn: X=8_¥=8_278 o X3 _Y¥7 _ 270 4 acen

3 -1 1 -3 2 4
Bal farg ®wen L, 3R L, R 39 UbR Rerd € & AB S1H1 Y@@l L, a1 L, oad & | &l fdg AdB
1A PN T2 L, d L, & 7eg FAaqq g9 W S DY | [16JM120010]

A=(3,8,83),B=(-3,-76), AB=3430

Let the co-ordinates of A be (31 + 3, 8 — A, A + 3) and the co-ordinates of Bbe (-3u—-3,2u—-7,4p +
6).

Then direction ratios of ABare 3A +3u+6, -A—-2u+ 15 A —-4u—3

AB 1L, so 3BL+3u+6)—(A—2u+15)+ (A —4p-3) =0 ie.
1L +7pu=0

and ABLL, so —3BL+3u+6)+2(-A—2u+15) +4(L—4p-3)=0 i.e. 72 —-29u=0

= A=pn=0 so the point A is (3, 8, 3) and the point B is (-3, -7, 6)

-~ AB = \36+225+9 = 270 =3 /30
A A & ceie ABL +3,8—A, A+ 3) 8 91 B fAei® (-3u—3,2u—7,4u +6) 2 |
d9 AB @ fe®Hargura 3A + 3u+6, —A —2u + 15, A — 4u — 3 BT
AB L L, safeg 3(3h +3u+6)— (A —2u+15) + (A —4u—3) =0 g 11+ 7u=0
T AB L L, 39T —3(3%+3u+6) +2(-A—2u+ 15) + 4(A —4u—3) =0 afq —7A-29u=0
= A=pn=0
gaforg fag A (3,8,3) 7 a1 fag B (-3, -7,6) 2|
AB = \36+225+9 = /270 =3 /30

Iff = (+2]+3K)+A (i—j+K) and = (i+2j+3K)+pn (i+]—k) aretwo lines, then find the equation
of acute angle bisector of two lines.

e F o= ((+2]+3K)+A (i—j+K) 3R F= (i+2]+3K)+p (i+]-k) @ @i & o = sl &
<IADTOT FAGHTSTS BT FHIDHROT ST DI |

Ans. T = (i+2j+3K)+t (j—K), where t is parameter (ST&f t uTae 2 )

DA+ DM+ MED —%. Hence obtuse angle between them.

Angle between two vectors =

J3 3
: i—j+k i+j-k 20 2 e e
Vector along acute angle bisector = A - ; — |—j+k|=t(j—k
g g { 5 5 } = [-i+k]|=t(-k)

hence equation of acute angle bisector = (i +2]j +3k) +t(j —k)

a1 dfeel & = Hior = 1X1+(\7§)(1i/_":3(1)(_1) :—15.34?[: g7 7Y 37 BV B

wﬁww@w%aﬁmwﬁm%:k{i_jgk—itgk} ; % [—]+|2]:t(]—|2)
T YA DI FAGHISTD BT THBROT B = (i + 2]+ 3K) + t(j —K)

The edges of a rectangular parallelopiped are a, b, c; show that the angles between two of the four
. . a®+b?—c? a®-b%+c? a® —b?-c?
diagonals are given by cos™'| +| ————— || orcos™'|+| ———— || orcos' | | — | |.
J d y [ [a2+b2+02D ( (a2+b2+c2 a’ +b® +c?
TS IAGR FARRYCHAS & PR a, b, ¢ &, UeRid &g & ari el & ds1 S

2 2 _ 2 2 _ 2 2 2 _ph2_n2
cos' [i(—az +tk))2 C2 B or cos™' [i[azt;—er(:ZD or cos™ {i(azz—zczn BT B |
a“+b”+c a“+b" +c a +b +C
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Vector & Three Dimensional Geometry / “_

Sol.

Hindi

A y
B(0,b,0) L(a,b,0)
P(a,b,c
M(0,b,c) =
¢" » X
(0,0,0) A(a,0,0)

C(0,0,c) N(a,0.c)

z
Drsof OParea,b,c ; Dr's of AM are —a, b,c
a(-a) +b(b) +¢(c) _ —a’+b®+c?
Ja? +b% +c2\a® +b? +c? @’ +b’+c?

If 6 be the angle between OP and AM, we get cos6 =

Similarly we can find the angle between other pairs and hence angles in general between six pairs are
given by

L[ +a® £b® +c?

O=cos’| ——5—
a“+b“+c

Note : All +ve or -ve signs can not be taken because angle between diagonals are 0 or = radian is
not possible.
A y

B(0.6.0) L(a,b,0)

P(a,b,c
M(0,b,c) >

oL N
(0,0,0) A(a,0,0)

C(0,0c)  N(a0c)

v

4
OP & & 31urd a, b,c &1 AM @ fa& o/ urd —a, b,c & |
Ifc 0, OP @2m AM @& Heg &I 8,

oS0 a(-a) +b(b) +c(c) _ —a’+b®+cf
Ja? 12 +c?\a? +b? +c2 @ +b’+c?

S ARE T W T D W BV A B DA B |

+a? +b? +¢?

wuwwwﬁa:@%nwaﬁm(a:cos‘(ﬁ]mﬁ?ﬂﬁrﬁﬂ%
a“+b”+c

Al : TP A1 ) gAHS AT G RS fae T8 o S Wwd ' ife faeul & e dor 031«
AT G9g T 2|

C-12.=.Show that equation of angle bisectors of line r=a+Ab and f=b +pua are f = (a+b) + y(‘B‘éi|é|5)

Sol.

Torigd fb Y@t r=a+Ab AR F=Db +pa & BT AGH B TN 1 = (2+b) +y(‘5‘éi|é|5) =

Point of intersection of F =a+Ab and ¥ =b +paisa + b
Now angle bisector of vectors a& b is a+b and angle bisector of vector & and— b is @ — b so

equation of angle bisectors of given lines are r = <é+5) + y(éiB)
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Vector & Three Dimensional Geometry / “_

Hindi

C-13.

Sol.

Sol.

:r=a+M R F =b +pa & vl g a + b 21

AT T D HY BV AHgh AT 4 d—b B I P 3gdh 4 — b 2 | SAFAY & T W13 B BV Aghl b
BT F =(é+6)+y(éi6)%|

Prove that the shortest distance between the diagonals of a rectangular parallelepiped whose
bc ca ab
b2+c2 Je2+a®  a?+b?
g PINTY IMIATHR FARR TChad & [dH0 & 76 Tgad gl foda! A= Yoy a, b, ¢ & T I8
frRl 1 e frer < & DS ca ab 3

Joirc?’ P ra? a2 +p?

coterminous sides are a, b, ¢ and the edges not meeting it are

Let coordinates of rectangular parallelepiped are A(0,0,0); B(a,0,0); C(a,b,0); D(0,b,0); E(0,0,c);
F(a,0,c); G(a,b,c); H(0,b,c). Then equation of diagonal AG is g = % = % and equation of BC is

x-a_ y-0 z-0
0 1 0

= shortest distance between AG and BC = (ai);(j X(Aai +Abj +ACk)) = ac
‘jx(ai+bj+ck‘ Ja? +c?
bc
b® +c?
ba
Jo? +a?
A FHR Yehad & Maena A(0,0,0); B(a,0,0); C(a,b,0); D(0,b,0); E(0,0,c); F(a,0,c); G(a,b,c);

H(0,b,c) Td el Aemﬂwﬂwwf:%:f AG 3R BC & #e1 g8 xaa:yqozzao
a C

Similarly shortest distance between AG and DC =

Similarly shortest distance between AG and BF =

., AGTBC & wen g8 = (a|)A.(J><(Aa|+Ab] +f:k)) __ac
‘jx(ai +bj+ck‘ Ja? +¢?

bc
SHYHR AGTATDC & #8T G = ——
Jb? +¢c?

SHYBR AG TAT BF & 72 ofg<iH gl = ba

\Jb? +a?

Section (D) : STP, VTP, Vector equation, LI/LD
@ug (D) : afew P, afee B, afde afiav, Weg wdz/ea w@oa

D-1.
Sol.

D-2.

Show that g2fs3 fF {(a +b+¢ ) x (¢—b)}. & =2[é b 6].
Required 3™ = (4 x G—4 x b+ bxG—Cx b). a =[6 ¢ a]—[a Ba][a b 6]
=2[é b a]

P A( Mmx A ) = a, then find value of

VAN
Given unit vectors m, n and p such that [rﬁ ﬁj

[ﬁ p rﬁ] in terms of a.
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Vector & Three Dimensional Geometry / “_

Ans.
Sol.

D-3.

Ans.

Sol.

D-4.

Sol.

soré e rﬁ,ﬁqzif)Wgwé%bﬁ/\ﬁ]=f}/\(rﬁxﬁ)=a,aﬁ[ﬁ b ] @1 7 o

@ TRl H S DI |
sino cos a
[ﬁ ) rﬁ] =[f5 m ﬁ] = p.(mxn) =|f5|| rﬁ><ﬁ| cosa = |r?1 x ﬁ|cosa=sinacosa

Let é=aﬁ+a2]+a3l2, 5=bﬁ+b2]+b3l2 and é=cﬁ+c2 ]+03R be three non-zero vectors such that C

is a unit vector perpendicular to both @ and b. If the angle between aandb is % then

2
a, a, a,
b, b, b,| isequalto:
C, C, Cg

AT a=a,i+a,j+agk , b=b,i+b, j+b, k IR c=c, i+c, j+c,k T g wRw T@ @wE B
C TP g&ls ARy & S éawBﬁﬁ?wq%luﬁéawB$ﬁwaﬁW%%ﬁﬁ

a, a, a, ?

b, b, b,| TR B

C, C, C,

%(af 122 +2) (b7 412 +b2)
a, a, a,
b, b, by | =[@a b CcJ? = ((axb)c)? = (absin6cc)? =
C; C, C

a’b?
4

= (@ a2 +al) (b b2 b))

Examine for coplanarity of the following sets of points

=1 95l & A=l &1 A &I S SISy —

(@)
(b)

Ans.

(a)

(b)

47 + 8) +12k,2i +4] +6k,3i +5] +4k,5i1 +8] +5k.

33 +2b -5¢,3a +8b +5¢,-3a +2b + ¢, a +4b —3¢.Where a,b,¢ are noncoplanar
33 +2b —5¢,3a +8b +5¢,-3a +2b + ¢, a +4b —3¢ W& a,b,¢ IHANT B |

(a) Coplanar (b) Non-coplanar (a) FHAA (b) IFATART

Let A=4i+8j+12k; B=2i+4j+6k ; C=3i+5]+4k ; D=5i+8j+5k
AB=— 2i—-4j—6k ;BC=i—]j—2k ; CD=2i+3j+k

2 -4 -6
[AB BC CDl=|1 1 -2/ =[-2(1+6)+4(1+4)—-6(3-2)] =—14+20-6=0
2 3 1

Hence coplanar
Using these 4 points let us create any 3 vectors v, =6b+10c, v, = —6a+6¢

vV, =—-2a+ 2b+2¢ check coplanarity of these vectors

0 6 10
[V, V, V;]=|-6 0 6|[a b ¢]#0 hence non coplanar
2 2 2
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Vector & Three Dimensional Geometry / “_
Hindi. (@)  ®MT A=4i+8j+12k; B=2i+4j+6k ; C=3i+5]+4k ; D=5i+8]+5k
AB=- 2i-4j—6k ;BC=i—]j—2k ; CD=2i+3j+k

2 -4 -6
[AB BC CD]=|1 1 -2/ =[-2(1+6)+4(1+4)-6(3-2)] =—14+20-6=0
2 3 1

T AT B
(b) =9 4 fageil &1 ST RS 3 WY T W V, =6b+106, V, = —6a+6¢
V, = —2a+2b+2C S FHaerdl B Sifd R W
0 6 10
[V, V, V;]=|-6 0 6|[a b &] =0 3Tch: AT B |
2 2 2

D-5. The vertices of a tetrahedron are P(2, 3, 2), Q(1, 1, 1), R(3, -2, 1) and S (7, 1, 4).
() Find the volume of tetrahedron
(i) Find the shortest distance between the lines PQ & RS.
Igsherd B ¥ P(2, 3, 2), Q(1, 1,1), R(3, -2, 1) 3R S (7,1, 4) & 79 s AIRA
(i) qqEhAD DI I
(ii) @l PQ @1 RS & A&y Ig<d §X

Ans. ()12unit (i) —— unit

J35

Sol.

R(3-2,1)
1 2 1
(i) v=| 145 4
5 2 -2

=‘% (1 (-10-2)-22+5)+1 (-2+25)}

_ ‘l(_12—14+23) _
6

| —

(ii) ('i‘_s'j_lz) (3i+j—5k) _ 3

"J9+1+25 35

D-6. Are the following set of vectors linearly independent?

F1 f=iferRad Afeell & =99 yehaaq: Wad © °
() a=i-2j+3k b=31-6]+0k
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Vector & Three Dimensional Geometry / “_

Sol.

D-7.

Sol.

Sol.

Hindi

D-9.

(ii) a=-2i-4k,b=i-2j-Kk,é=1i-4j+3k
Ans. (i) No =€l (i) Yes €l

(i) b =3a linearly dependent (T ETd: URa=)

(iii) [ b ¢]#0 linearly independent (T ETdd: wad=—=)

Find value of xeR for which the vectors a =(1,-2,3), b =(-2,3,-4), ¢ =(1, -1, x) form a linearly
dependent system.

X ® VA aRdfad 79 wid HITe e forg afesr a = (1,-2,8), b =(-2,3,-4), ¢ =(1, -1, x) &
gTdd: IR b a9 2 |

Ans. x=1

For linearly dependent vectors (U@ ®Tdd: dRa—= Afeel & ford)

Ni—2j+3K) +m(=2i +3j—4K) +n(i—j+xk) =0 = (—2m +n=0,-2/+3m—-n=0

1 -2 1
3(—4m +nx =0 -2 3 -1|=0isx=1
3 4 x

If a,b,C are non-coplanar vectorsand V.4 = V.b = V.G =0, then find value of V.
aft 4,b,C smaig GRT 2k V.2 =V.b=V.C =08, @ V & 7 31d AR
Ans. V =0

Let V =2,a+Ab+A,C [a, b, ¢ are non coplanar]
v.a =Vb =V.c =0 = Ad.a + A,ab + A,aC =0
AbA + Abb + AbC =0 = ACa + A,Chb + A,EC =0

o g
Q!
[og
(o)
(o)
(el}

Only possible values of A,,4,,A,=0 as | b.a b.b b.c [#0
c.a ¢.b ¢.c
AT V =A,a+A,0+2,C [4 b, ¢ 3HTeNT 2 |
VA =Vb=v.E =0 —~ 244+ 2,aD + 2,36 =0
Aba + Abb + Abc =0 = ACa + A,Cb + A,6C =0
a.a ab a.c
Ay Ay A, T TG HIF Y BN RIF | b.a b.b b.c |#0
¢.a ¢.b ¢.c
let a=i+2j+3k,b=2i-]+ k,¢=38i+ 2]+ k and d = 3] —] -2k, then
(i) ifa x (b x G) =pa+qgb+rc,then find value of p, gand .
(ii) find the value of (a x b) x (a x ¢).d
qHIfp a=1 + 2] + 3k, b=2i-j+ k, =3+ 2]+ k 3R d= 37 —j-—2kg @

(i) afe ax(bxc) = pa+gb+rc 8, @ p,q 3R rd A AT PIRAT|
(ii) (3 x b)x(a x ¢).d & 94 S IR |
Ans. (i) p=0;q9=10;r=-3  (ii) - 100
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Vector & Three Dimensional Geometry / “_

Sol.

(i) ax(bxc) = (a-¢)b—(a.b)c = 10 b-3 ¢ = pa+qgb+ré

p=0,9=+10, r=-3 a,b,c are non coplanar]

[
(ii) (@xb) x (axc).d ={((éx6).6)é - ((éXB).é)a}- d=[a b ¢l ad-0=20x(-5)=-100

U

10b—3C = pa+qb+rc
p=0,g=+10, r=-3 [a,b,C srFHTRT F]
(ii) (axb) x (axc).d ={((éx6).6)é - ((QXB).é)a}- d=[a b ¢ ad-0=20x(-5)=-100

(i) ax(bxc) = (a-c)b—(a.b)c

D-10.= Given that >*<+_1—2 (P . X) p=q, then show that p.x = 1 (p.9) and hence find x interms of p and q.
p

Sol.

D-11.

Ans.

Sol.

2
fozmr T & mg_g(a.m:q,aﬁqﬁamﬁsﬁ.xz%(maﬁqxzwmﬁaaﬁqqeﬁqaﬁ
H A1 BT

s_z P.ap
Ans. X=Q—————F5—
2|pF
Dot with p & obtain answer. p & &I 31T PPHABAT I TR IR YT Bl © |
o1 S s - (P .a0p
+——55/Pa) p=g = X=Q-——F—5—
Pl 2 2|pF

Let there exist a vector X satisfying the conditions X x a = ¢xd and X + 2d = (an). Find X in

terms of 4, ¢ and d

q AT X $ TR o ¥ fF ufiEE X x & = 6xd SR x +2d = (Vxd) B AT R B
a,Cc3Rd P X b Ul § od ST
5 - ax(axaz—2|a|zé

da
d x (f(xé) =d x (6><a)
= (da) x - (dx)a = dx (cxd) (i)
Now dX + 2d.d = d (vxa) =0
= dx =-2|d ...

) dx(CXa)—Q‘d‘é

From (i) and (ii) we get X = = (() 3= (i) &)

Section (E) : Plane
Tvs (E) : 99dd

E-1.

Find equation of plane
(i) Which passes through (0, 1, 0), (0, 0, 1), (1, 2, 3)

(i) Which passes through (0, 1, 0) and contains two vectors T+]—l§ & 27—].

(iii) Whose normal is f+]+R & which passes through (1, 2, 1).

(iv) Which makes equal intercepts on co-ordinate axis and passes through (1, 2, 3)
HATA BT FHIDBRUT ST DI
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Vector & Three Dimensional Geometry /

(i)
(i
(iif)
(iv)

Ans.

=~

\_rﬁﬁ*_g&ﬁ(OJ,O), (0,0,1), (1,2,3)@W§I
S fawgait (0, 1, 0) & TORAT ® AT i+ j—k TAT 2 — | BT AHIRT BRAT B

e e i+ j+k 8 S fisg (1,2, 1) A ToRdm 2|

S fAe® ol IR SRR TS HIedl B dof (1, 2, 3) W el B

(i) 4x-y—-z+1=0

(iv) X+y+z-6=0

(ii) X+2y+3z2-2=0

-

X+y+z—-4=0

x y-1 z
Sol. (i) 0 1 -1=0 = xX(=3-=1)—=(y-1)(0-1)+2z(1)=0
-1 -1 -3
—A4x+y—-1+z=0 = 4x—-y—-z+1=0
x y-1 z
(i) 1 1 -1=0 = X(=1)—=(y=-1)2)+z(-1-2)=0
2 -1 0
—Xx—-2y+2-3z=0 = X+2y+3z2-2=0
(iii) X+y+z=1+2+1 = X+y+z-4=0
(iv) X+y+z=1+2+3 = X+y+z-6=0
E-2. Find the ratio in which the line joining the points (3, 5,-7) and (-2, 1, 8) is divided by the yz-plane. Find
also the point of intersection of the plane and the line [16JM120011]
fg (3, 5,~7) 3R (-2, 1, 8) BI S dTell ¥ DI yz-FAdA b AU H IWITd HaT 8, a0 DIFIQ
|1 A TS AR V@ P yfowes g W S| Bifeiy |
Ans. 3:2,(0,13/5,2)
// y-z plane
) R 1 Q
Sol. P * 2.1.8)
(3,5,-7)
R -2A+3 A+5 8rA-7
A+1 A+1 A+1
R lies on y —z plane
-2k+3=0 g
A+1
the ratiois 3:2 R[O, g 2}
/, y-z plane
o A R 1 Q
Hindi 5 ¢ 2.1,8)
(3,5,-7)
® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jh
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Vector & Three Dimensional Geometry / “_

E-3.

Sol.

E-4.

Sol.

E-5.

Sol.

Hindi.

R—2x+3 A+5  8r-7
A+1 7 A+l A+

fg R¥9ad yz W= Rera 2

-2\ +3 _0 N k:g
A+1 2
13
afiee aruTd 3:2® R[O, = 2)

Find the locus of the point whose sum of the square of distances from the planes x +y+z=0,x—-z=0
andx—-2y+z=0is9

I fag &1 fague o1d S, fTd®! F9dell X +y +2=0,x—z=03A x-2y +z=0A NI & Tl
BT AT 97 |

Ans. x2+y?+22=9

Let point is (o, B, y) &1 &1 &5 (a, B, y) &, A

|0H‘B+Y|2+|0‘_V|2+|0‘_2B+“/|2 - 2 2 2 2

= (0 +B+7) +3(a—7)" +(aa—2B+7v)" =54
T T E i e A
60° +6p°+6y° =54 = Locusisx®+y2+22=9

= fIgua x2+y2+22=9%|

The foot of the perpendicular drawn from the origin to the plane is (4, —2, -5), then find the vector
equation of plane.

g ¥ U GHAA TR Sl T &% Pl U (4, -2, —5) &, A qadd BT AT FHHR S BT |
Ans. 7 .(4i-2]-5Kk) =45
0,0, 0)

(4, —.2, -5)

Equation of plane is dAdA &7 AHIGRT 2 |
{7 - (41 -2j-5k)| - {4?—2]—512}:0 - P {4?—2]—5&}:45

Let P (1, 3, 5) and Q(-2, 1, 4) be two points from which perpendiculars PM and QN are drawn to the x-z
plane. Find the angle that the line MN makes with the plane x +y + z = 5.
A1 6 P (1, 3, 5) @ Q(-2, 1, 4) A g 8 991 x-z 99dd W w¥9: PM @21 QN & 8Tl 9T 2 |

T MN ERT 906 X +y +2 =5 A1 91T AT BT ST DI |

Ans. sin™’ i

J30
P(1, 3, 5) : Q21,4 M(1, 0, 5) : N(=2, 0, 4)
. A MN . (i+]+k) 3+1 4
NM = (3i+k = = -
(Bi+k) sin®6 ‘ |MN|ﬁ ‘ ﬁ\ﬁ ﬁ

4
Angle b/w plane and line MN is sin-' —
P \30

P(1, 3, 5) ; Q(-2,1,4) ; M(1, 0, 5) ; N(-2, 0, 4)

/\
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Vector & Three Dimensional Geometry /

NM = (3i+k) sin0 =

MN . (i+j+k) | 3+1 4
IMN |3 NNCIINGT)

G MNHWWE%HwaﬁWsin-‘i =

Educating for better tomorrow

J30
E-6.s. The reflection of line 2 — = y;2 = 2;3 about the plane x —2y + z—6=0is
T X;1 = y;2 = 2;3 B AT X —2y + z— 6 = 0 B \UeT yfafd= grm |
Ans. X—-3 _ y+2 _ z-5
3 4 5
Sol. 3.1-24 +5x1=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 1-4+3-6
= = =— —_—— & = X, ; Z) = 3, - 2, 5
1 -2 1 (12+12+(—2)2] (¥ 2) = )
equation of straight line x=3 _ y12 = 2;5
Hindi 31-24+5x1=0, 3G I9dd & IR ¢ |
T v & Ui & Qs orgua a8 srfq 3, 4, 5 81 |
T (1,2, 3) B o wRfe apfs Yo we A X1 o Y72 273 _ o %
1 -2 1 1° +1° +(-2)
= (X, Y,2)=(3,-2,5)
TR YT B R XS Y*r2 298
3 4 5
E-7.  Find the equation of image of the line X£;1 =Y _12 =z +33 in the plane 3x — 3y + 10z = 26.
Reell X; = y_12 = Z+33 ® FAdA 3x — 3y + 10z = 26 # ylafew &1 |HeR0 A
Iy [[16JM120012]
Ans. X—4 _ y+1 _ z-7
9 -1 -3
Sol. (,1\’2’_3) x-1 y-2 z+3
9 -1 -3
/ P / 3x-3y+102-26=0
------------------- E~'9=/----------------reqd. line
A’ is mirror image of A w.r.t the given plane
x=1_y-2_z+3 3—6—30—26]
3 -3 10 9+9+100
x=1_y=2_2z+3_, [_59 A4, -1,7)
3 -3 10 118
Equation of required line x—4_ y+11 = 2_37
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Vector & Three Dimensional Geometry / “_

1,2,-3
Hindi. A : Xx-1_y-2 z+3
9 -1 -3
/ ip [ ax-3y+102-26=0
................... é.A,................reqd_ line

A o T guad @ 9ue A &1 gfafes 2
x=1_y-2_z+3 _ , (3—6—30—26]

3 -3 10 9+9+100
x—1:y—2:z+3:_2 _ 959 A4 —1,7)
3 -3 10 118
N X-4 y+1 z-7
9 -1 -3

E-8. Find the angle between the plane passing through points (1, 1, 1), (1, - 1, 1), (-7, -3, -5) & x—z plane.
fa=gati (1,1,1), (1, —1,1), (=7, -3, —5) ¥ Yok dTel THAA IR x-z FATA B FeF BT FG DI |
Ans. 7/2
Sol. Equation of plane passing through (1,1, 1)is a(x—-1) +b(y—1) +¢c(z-1)=0 .. (1)
A it passes through (1, -1, 1) and (-7, -3, - 5)
a0-2b+0.c=0 = b=0 and —8a—-4b-6¢c=0
4a+2b+3c=0 b=0

4a+3c =0 = c= -2
3

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 T
cosf = |——————|=0 0=—
Jra® [za? 2
Hindi. (1,1, 1) ¥ o=+ arel 99dd &1 T30 8 a(x—1) +b(y—1) +c(z—=1)=0 (1)
T8 (1,-1,1)3R (-=7,-3,-5) 9§ Jora 2|
a0-2b+0.c=0 = b=0 3R —-8a-4b-6¢=0 = 4a+2b+3c=0
b=0 . 4a+3c =0 - c=_%

<1Hdd?ﬁaﬁ1d+q$ﬁiﬁsﬂqlﬁ1,0—%§laﬁ? X-z Tad & Ifier & fawmargurd 0,1, 08 |

0039=M=0 0= "=
Jra® |[za? 2
. . - . 3-y z-2
E-9. Find the equation of the plane containing parallel lines (x — 4) = i and

(x=3)=r(y+2)=pz
wwmﬁwwﬁmﬁmﬁww(x—4)=¥=%@?(x—3)=k(y+2)=
uz fAfea 21

Ans. 11x—y—-3z=35
Sol.
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Vector & Three Dimensional Geometry /

B2 (3,-2,0)
NG
/3,2y /
(X, Y, 2)
x-4 y-3 z-2
1 4 5
Xx-3 y+2 z-0
1 1n 1/p

(1)

. (2

Equation of the plane is ¥HdA &1 HHIHRT & —

x—3 y+2 z

1 5 2=0 = (x —

1 -4 5

33x—-99-3y-6-92=0 =

—-(y+2)(5-2)+2z(-4-5) =

33x—-3y—-9z2-105=0 =

0

11x—y—-3z2=35

E-10. Find the distance of the point (2, 3, 4) from the plane 3x + 2y + 2z + 5 = 0, measured parallel to the line

x+3_y—2_5
3 6 2

fg (2,3,4) @ T9qd 3x +2y + 22 +5=09 T, ¥

Ans. 7

Sol. Thegivenplaneis 3x+2y+2z+5=0
Line through P(2, 3, 4) and parallel to the line

x-2 y-3 z-4
= = =Kk(sa
3 6 2 (say)

Any point on it is Q(3k + 2, 6k + 3, 2k + 4). Let it lie on (i)
~ 3B8k+2)+2(6k+3)+2(2k+4)+5=0

. The required distance = PQ = \/(2+1

Hindi %mww%l 3x+2y+2z2+5=0
%@GﬁP(234ﬁgﬁ%aé‘rT@‘%@1a§W%|

X+3 y- Z—Eisx 2 y-3

[16JM120013]

25k +25 =0 = k = -1
2 +(3+3) +(4-2)

3 6 2 3

59 WR BT 95 Q(3k + 2, 6k + 3, 2k + 4)

Let it lie on (i)

© 3B8k+2)+2(6k+3)+2(2k+4)+5= O:>25k+25 O:>k—
L Q(1,-3,2) . e g =PQ =2+ +

~ Q(-1,-3,2)

E-11. If the acute angle that the vector, o+ B] + yR makes with the plane of the two vectors

2i +3j—k and i —j + 2k is cot-'2 then find the value of o (B +7) — B v

Afee oi+Bj+yk gRT Q1 AfeE 27 + 3] —
cot- f??ﬁaﬁ+y By T DIRY |

Ans. O

KTl i—j+2k & Fael & T 91T -1 <LADI0T
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Vector & Three Dimensional Geometry /

Sol.
k
1
2
A = 5i -5] -5k
cos (90— 0) = (@ +BI+1K) (I=j-K)
«fa +B2+y? 3
. a—-B-vy . 1
sin 6 = (- B=cot'2 = cot0=+2 = sino=—)
B o +pP+y NE)
1 a—-B-y
= == = aB+y)-py=0
NERINC RN U
Hindi
n
N P aA A
2i+3j-k
90-6
i—j+2k
ik
A B ofaq Afesn = | 2 3 -1
1 1 2
A = 5i—5] -5k
cos (90— 0) = (@i +BI+1K) (I=j-K)
«fa +B2+y° 3
. oa—PB-vy - . 1
sin 6 = (- 6= cot 2 = cot0=+2 = sino-= —)
B o +pP+y NE)
a(B+y)-Pyr=0

1 a—-B-y N

%= N \/oc2+[32+y2

=
Find the equation of the plane passing through the points (3, 4, 1) and (0, 1, 0) and parallel to the line

[16JM120014]
(0, 1, 0) ¥ ToRAl & T &I

E-12.
z-2

X+3 y-3
5

2 7
S FEdd BT WA wd PR o fe fasgat (3, 4, 1)

X+3 -3 z-2
S Al D AR B |
2 7 5
8x—-13y +152+13=0
Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
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Sol. .. Equation of plane through (3, 4, 1) is
5 (3,4,1) ¥ ORA qrel 9 B
a(x—x,)+b(y-y,)+c(z-2)=0 = a(x—3)+b(y—-4)+c(z—1)=0 (i)
-+ plane (i) passes through (0, 1, 0) -+ ¥¥ad (i) 45 (0, 1, 0) & T[oiRal &
. =3a-3b-c=0 = 3a+3b+c=0 ...(i)
Also the plane (i) is parallel to the line X+3 _ y;3 = 2;2
qer T (i) ¥ X;3:y;3=2;2 P FAR
sa,a,+b,b,+c,c, =0 = 2a+7b+5c=0 ...(ii)

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

(i), (ii) T2 (iii) ¥ a, b, ¢ AT FH W & U IR B

x-3 y-4 z-1
3 3 1 =0 = x=3)(15-7)—(y—-4)(15-2) +(z—-1)(21-6) =0
2 7 5

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

E-13. Find the vector equation of a line passing through the point with position vector (27—3]—5I§) and

perpendicular to the plane F.(Gf— 3]+5I2) +2=0.

Also, find the point of intersection of this line and the plane.
T fag e Rufy wfder (21 —3j—5k) 8, & ToRA arell du1 d9ad F.(6i —3]+5K) +2 =0 oFwdq
A W1 BT A FHHIO A1 DI |

A1 B W W qAT FHAA Bl Tlerewal fawg W S SR |

76 108 —170)

35° 35 35

L]

Ans. T = 21315k +t(61—3]+50), (

Sol.  The required line is to pass through a = 2?—3]—5R and is L to the plane given by

r.(6i—3j+5K) +2=0 (1)
Here the vector b = 6?—3]’+5l€ is normal to the plane (1)
= The reqd. line is along the direction of this vector. Hence its equation is
i =a+tb = f = 2i—3j—5k +1t(6i—3j+5k) (2)

Now line (2) meets the plane (1), when F.[2i — 3] + 5k + t(6i — 3] + 5k)] . (6i — 3] + 5k) =—2

i.e. when 6(2 + 6t) + 3(3 +3t) +5(6t—5)=-2 i.e.,, whent= 31—5

Substituting this value of tin (2), we get ¥ = 2i —3j+5k + 31—5 (6i —3]+5K) = ;—5 (761 —108j—170K)

76 -108 -170
35 35

The reqd. point of intersection is (— 35 35

Hindi. enfie Y@ fdg a = 2i—3j-5k & ToRdl & do Ry T FAdA & ofrgaq B
r.(6i—3j+5k) +2=0 ..(1)
Tl Afeel b = 6i—3j+5k wHAd (1) B A @y 2|
= il Y@ 59 AR & IR © o THPHI FHIGI ¢ |
I =a+tb = f = 2i—3j—5k +t(6i—3j+5k) (2)
3G T (2) wHde (1) ®I fierh § afe
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E-14.

Sol.

Hindi.

E-15.

Sol.

r.[2i — 3]+ 5k + t(6i — 3] +5K)] . (61 —=3j +5K) =—2 STd  6(2 + 6t) + 3(3 + 3t) + 5(5t = 5) = — 2
1

mt=£;tzﬁrung(2)ﬁwﬁwgﬁqmg‘rm%|

f=2i—3j+5k + 31—5 (6i — 3] +5K) = 31—5 (761 —108j—170k) .. afie gfedt g R

76 -108 -170
35° 35 ° 35

Find the equation of the plane passing through the point (1, 2, 1) and perpendicular to the line joining
the points (1, 4, 2) and (2, 3, 5). Also find the coordinates of the foot of the perpendicular and the
perpendicular distance of the point (4, 0, 3) from the above found plane. [16JM120015]

a5 (1,2, 1) 9 o+ aret den g3t (1, 4, 2) T2 (2, 3, 5) & e arell ¥ & o=aq a9dd &
FHIHRO S0 AR | 59 A R 95 (4, 0, 3) ¥ STal T I=URE & Fouisd q o= & = 9 A
PITY |

Ans. x-y+3z-2=0; (3,1,0); 11

Let P(1,2,1)Q(1, 4,2) and R(2, 3, 5). Nowd.r.s.ofthelineQRare 2-1,3-4,5-2=1,-1,3

The reqd. plane is to pass through 'P' and L QR. Its equationis 1(x—1)—-1-(y—-2)+3(z—-1)=0

=>Xx-y+3z-2=0 (i)

Let B(a, B, y) be the foot of the L from A(4, 0, 3) on (1).
La—-B+3y—-2=0 (i)

and drs. of AB (Normal to the plane (i) are) o —4,-0,y—3

a-4 B-0 y-3
S 13

From (ii) and (iii)

(k+4)+k+3B8k+3)-2=0 = k=-1

.. The coordinates of the foot of 1 from A on (1) is B(a, B, y) = (3, 1, 0)

and L = AB = \[(4—-3)* +(0—17 +(3-0)* = 11

|1 P(1,2, 1) Q(1, 4, 2) 211 R(2, 3,5) € 314 Y& QR & fq®wargura 2-1,3-4,5-2=1,-1,3

e FHae fasg 'P' A ORI A1 TRl Y@ QR & RG] B | 59 GHASA DI AHIDRYI

Hence -k(say) >  a=k+4,B=—ky=3k+3 ...(i)

1x=1)=1-(y-2)+3(z-1)=0 —>Xx-y+32-2=0 ..(i)
a1 fag A4, 0, 3) 1 WA (i) TR STell T @ U B(o, B,y) Bl . a—P+3y—2=0 ...(ii)
(T (i) & <Afer) & fqd U a—4,p—0,7—3

37ct: “;4 = B__10 = V;?’ =k (@) =oa=k+4,B=—ky=3k+3 ...(ii)

RO (i) T (i)
(k+4)+k+3(3k+3)—2=0 = k=—1
- A R (i) WR STl T o9 B ulg B FrEid B(o, B, 1) = (3,1, 0)

qoI @ B AAE AB = \[(4-3F +(0-1F +(3-0F = /11

Find the equation of the planes passing through points (1, 0, 0) and (0, 1, 0) and making an angle of

0.25 ntradians withplanex +y-3=0
I9 A B FHIBRIU FId HITg Sl fdgeii (1, 0, 0) 3R (0, 1, 0) § T[oiRd & 3R FAAA

X+y—3=0% | 0.25 11 ST HT S T & |

Ans. Xx+y* \E z=1
Equation of plane passing through (1,0,0)is: a(x—1) +b(y—0)+c(z-0)=0

ax—1)+b(y) +c(z)=0 .. (1)
(1) also passes through (0,1,0)
-a+b+c0=0 (2)

angle between plane (1) and x+y—-3=0 is

/\
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Hindi

E-16.

Sol.

Hindi.

ok _|alsbico | 1 | a+b | _ 1
4 \/Z?\/1+1+0 J2 |\/a2+b2+02\/§| 2
(a+b)>=2a%+b2+c? = 2ab = ¢?
from equation (2) a=Db = 2a2=¢* > c=aJ2 or c=-aJ2
So equation of planes are x +y + \2z—-1=0
(1,0,0) § IOR aTel FHAA BT AHIBRT B ax—1)+b(y=0)+c(z-0)=0
ax—1)+b(y) +C(2) =0 e, ()
|qHad (1), (0,1,0) 9 A1 IoRar 2
-a+b+c0=0 (2)
TqAAA (1) dAT x +y -3 =0 & AT IV 2|
ok _|alxbico | 1 | a+b | _ 1
4 | [za2i+1+0| 2 a2 +02 22| 2
(a+b)2=2az+b?+c? 2ab =c?
TR (2)F a=b = 2a? = c? = c=aJ2 or c=-aJ2

Id: A D IRV x +y+ 2z-1=0%]

Find the distance between the parallel planes . (2i —3j+6k) =5 and 1 .(6i —9j+18Kk) + 20 = 0.
FHIIR AT . L (21 —3]+6K) =5 3R 1. (61 —9]+18K) +20 =0 I B T s1d BN
Ans. %unit [16JM120016]
20
Planesare: 2x -3y +6z—-5=0=2x—-3y + 62 + Y =0
5%
3
‘J(zf (- 37 +(6F

o5

Distance between planes is =

_>
3

[ © : 2x—3y+62—5=0:>2x—3y+62+23—0 =0

5_2Y
W?ﬁ‘eﬁi?ﬁﬁj’r:‘ 3 ‘
‘J<2>2+(— 3 + (6

w| o

E-17.» If the planes x —cy — bz =0, cx —y + az = 0 and bx + ay — z = 0 pass through a straight line, then find

the value of a2 + b2 + ¢2 + 2abc is :
Ife WA x —cy —bz =0, cx —y +az=03TA bx + ay — z = 0 U@ & Y@ 4 oRd g, dl
a2 + b2 + ¢2 + 2abc &1 °19 A BT —

Ans. 1
1 ¢ -b
Sol. c -1 a |=0=> (1-a)+c(-c—ab)-bac+b)=0=>1-a2-c?—abc—abc—-b?=0
b a -1
a2+ b?+c?+2abc =1
E-18.= (i) If n is the unit vector normal to a plane and p be the length of the perpendicular from the origin
to the
plane, find the vector equation of the plane.
(i) Find the equation of the plane which contains the origin and the line of intersection of the

planes r.a =pand r.b =q

/\
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-

(i) I A TP FAdA B THaq 3DIs dfed B IR Yl ¥ F9dd R STl T 9 B T =S p g,
ar JHAA

P A FHBROT ST HIFTT |
(ii) ATl .4 =p 3R F.b = q P U 3@ R Al B FHIRT HRA dTol FHAA B

FHIBROT ST DI |
Ans. (i) F.n =1p (ii) r.(ag—pb)=0

0, (0,0,0)
nlNop
Sol.
\““ P
—_— [ ]
F

(i) Projection of OP on n

OP &1 i WX &Y

rn =p
(ii) r.a-p+Mr.b-qg)=0

r=0 -p-Agq=0 n=-P

q
Fé—p—%(F. b-q)=0 =  F.(ag-pb)=0
® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jh
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Bl Exercise-2 |

2 Marked questions are recommended for Revision.

= faffed ye9 =M 9T e 2

PART -1 : ONLY ONE OPTION CORRECT TYPE

YT : A TP el fdded YHR (ONLY ONE OPTION CORRECT TYPE)

Sol.

Sol.

Hindi

Let a,b, ¢ be vectors of length 3, 4, 5 respectively. Let a be perpendicular to b+ ¢, b to ¢ +4a and
¢ to a+b.Then ‘é+6+6‘ is equal to :

e | a,b, ¢ @ FHE FAN: 3,4,58 A a4 AR b+c B, b AWM c+a D R ¢ dRew
d+b @ oFad &, ‘é+5+6‘aﬂm¢f%—

(A) 245 (B) 242 (C) 1045 (D*) 542
a(+¢)=0, b.(c+a)=0 , ¢.(a+b)=0
= ab+acé=0, b.c+b.a=0 , ¢.a+¢.b=0 = ab=bé=¢64=0

la+b+¢| = \/52+52+62+2(é.5+5.6+6.é) = J9+16+25 = 50

Four coplanar forces are applied at a point O. Each of them is equal to k and the angle between two
consecutive forces equals 45° as shown in the figure. Then the resultant has the magnitude equal to :

_— .
45°\/
(A)k~y2+2\/§ (B) k«f3+2\/§ (C*) k4 + 242 (D) k4 —242

UFh fdg O R IR AHAI 9 o Y 2| 399 ¥ IS kd IRIER g AR &1 HANK dai d HeF DI
45° g, Srarfe fom § gurtan wan g, o aRvml 91 &1 aRemr 8- [16JM120030]

_— .
45°\/
(A)k~y2+2\/§ (B) k«f3+2\/§ (C*) k4 + 242 (D) k4 —242

k
K k
M
n/4 K
These forces can be written in terms of vector as ki Lf +L] k] and —Lf + L]
C2 27 2 2

Resultant = ki +(k +v2 k)]

magnitude = k® +(k ++2 k)? = ky4+22
k
K k

R
n/4 K
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Vector & Three Dimensional Geometry / “_

3=

Sol.

Hindi

4.

Sol.

El?rﬁaﬁﬂﬁﬂwﬁﬁﬁumw forar 1 |ahar g—
LIS B Kj iR - i+

FE
aRuT ge = ki+(k++2 K)j

TRATT (K + (k++2 k)P = kyf4+242

Taken on side AC of a triangle ABC, a point M such that AM = % AC . A point N is taken on the side

CB such that BN = CB, then for the point of intersection X of AB and MN which of the following
holds good?

WWABCG%&WEW@%@M@HWWW%%W:%E JT CB Yol W U

fag N 39 yaR foran o @ f& BN = CB, @1 AB 3R MN @& ufoees fag X & forg g # & sl
DUYT FG © 7

. _— S T .

(A) XB=§AB (B) AX = — AB (C* XN=%W\J (D) XM =3 XN

Position vector of M = 3

Position vector of N = (-¢ + 2b)
equation of line BC is f =b+A(b—¢)
equation of line AB is is F =0+ pb

equation of line MN is F=St E—2 = u=—2t, 0=l+it
3 3 3 3

which gives p= = Position vector of X is g

M &1 Rerfar wfeer =

N &1 Refy afeer = (¢ +2b)
@1 BC &1 SHIaR" 8 F=b+A(b-C)
@1 AB BT GHIBR0 2 1 =0+ ub

@l MN &7 FHIHR0T 2 F:%th (%—2}

w| Oll\)l_n

= u=-—2t, 0=%+%t A9 T BT ® u=% = X &1 Refq afew

N o
mp

If 3 non zero vectors 3, b, ¢ are such that axb = 2(@xc), |a| = |¢| = 1; |b| = 4 the angle between

b and ¢ is COS"% then b = (G +pa where | ¢ |+ || is - [16JM120031]
gfy i srer Afder &, b, ¢ 39 UBR ® f& axb = 2(axc), |a|=|c¢|=1;|b|=4Td b 3 ¢ & #ex
BT 003*1%%,#[ b = (C+pa Safd | £ |+ | |2—

(A*) 6 (B) 5 (C)4 (D)0
axb =2(axb) = ax (b—26) =0 = b—2¢ =aa
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Sol.

6.

Sol.

Sol.

squaring (@ &% W) b?+4c?— 4b - ¢ = a?a’ = 16 +4 —4.4.1. % = o2

= a=+4 = b=20+t4a = [¢]+|p|=6

If 6 is the angle between the vectors p = ai + bj + ck and vector q= bi + cj+a k then range of 0 is

(A) [0, n/3] (B) [n/3, 21/3] (C" [0, 2n/3] (D) [0, 5n/6]
g wfee p=ai +bj+ck 3R g=bi+cj+ak ® 7ea BT 07, q9 0 & A BT IRA &
(A) [0, n/3] (B) [n/3, 21/3] (C" [0, 2n/3] (D) [0, 5n/6]

ab+bc +ca ab+bc+ca 1
Z(a—b)ZZO :>mﬁ1 and (a+b+C)220:>mZ—§

p.qg ab+bc+ca 2n

<cosO<1=0<0¢

N =

Now 314 cosb =

Ipllgl a°®+b®+c? 3

If the unit vectors e, and e, are inclined at an angle 20 and | e, —¢€, | < 1, then for 6 € [0, x], 6 may lie
in the interval :

I gHIs AT €, 3R e, & 9 I 20 & AR |6, -€,| <1, 0 [0, 7] fow 6 71 & & fvw
RTA B Fhll § —

T T T 5n n 5m
A% |0, = B) | =, —~ c) | =, D) | =, >
wijo g @5 3] % 7] o[5%]
le,-e |2 <1 = e+ 6°-2¢. e, <1 = 1 +1-2cos(20) < 1
= 2c0s20>1 = c0s20 > % =  20e {o, g} = ee{o, gj
A line makes angles a, B, v, 8 with the four diagonals of a cube, then cos?a + cos?p + cos?y + c0s23 is
equal to
(A) 1/3 (B) 2/3 (C*) 4/3 (D) 5/3
UH @ 89 & IR fA®H0 & A1 DI a, B, y, 5 BV I & T cOS20L + COS2P + COS2Y + COS28 RTEAR B—
(A)1/3 (B) 2/3 (C*) 4/3 (D) 5/3

Let direction cosines of line is ¢, m, n which makes angle o, B, y, 6 with diagonals of cube having

direction cosines are [

respectively.

2 2
So cos2o. + 0032[3 + coszy +c0s25 = (% + LJ + (i L —J +

J3 3 3 J3 3

—if2+m2+n2)=%

. (%%ﬂ Y

Consider the lines % . A g and ? = % = % then the equation of the line which
(A) bisects the angle between the lines is % = %: %
(B) bisects the angle between the lines is ? = % = %
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Sol.

Hindi.

(CY) passes through origin and is perpendicular to the given linesisx=y=—-2z
(D) none of these

HIEECIIY 5—1=53ﬁ?5=x=§%‘,aaw%@wwﬂw,mﬁ

2 3 5 1 2
(A) ang%mﬁzsqwaﬁmaw@wmmgg:%
(B) éﬁﬂé%@aﬁzﬁmaﬁwaﬁwﬁﬂﬁﬁm%,?:%
(C) 9 o5 & JoiRdll & iR & I8 YWkl x=y=—2z & oa=aq o, o |
(D) T q B G

X y z . X y z .
2373 .. (i) 15253 (1))
aipo2iH3irSk T+2]+3K (A) and (B) will be incorrect
BE | 4
Let the dr's of line L to (1) and (2) be a, b, ¢
= 2a+3b+5c=0 ... (i) and a+2b+3c=0 . (iV)
a _b __¢c _ a_b_c a_b_c
9-10 5-6 4-3 -1 -1 1 1 1 -
equation of line passing through (0, 0, 0) and is Lr to the lines (1) and (2) is
x_y_z Ans.
]
X y z . X y z .
2°37% . (i) 1373 (1))
é+6=2|+3]+5k+|+2]+3k N (A) 3R (B) T & £
BB 4
AMIE (1) R (2) & Taq Y@ & fRHIUE a, b, c B |
= 2a+3b+5¢c=0 ... (iii) IR a+2b+3c=0 .. (iv)
a _b __c¢c _ a_»b_c a_b_c
9-10 5-6 4-3 -1 -1 1 1 1 -

(0,0, 0) & O Il W & THHIOT AfH @ (1) iR (2) & o gaq 2 |
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Sol.

10.

Sol.

Hindi

11.=

x_y_z Ans.
11 -
Given a=xi+yj+2k, b=i—-j+k, ¢=i+2]; (@ " B)=%,éé=4,then
fem & 5 a=xi+yj+2k, b=i—j+k, ¢=i+2]; @ " 6)=g,é0:4,ﬂ>r
(A)[a b ¢F<al (B)[a b ¢]<a] (C)[a b ¢]=0 (D) [a b cl<af
ab=0 = x-y+2=0 (1)
ac=4 = X+2y=4 ... (2)
0 2 2
= x=0, y=2 Hence (3r@:) a=2j+2k =[@ b & =1 -1 1|=8=]|af
1.2 0

The vectors T+2]+3R, 2?—] +k and 3i + ] + 4K are so placed that the end point of one vector is the

starting point of the next vector. Then the vectors are : [16JM120032]
(A) Not coplaner (B*) Coplaner but cannot form a triangle
(C) Coplaner but can form a triangle (D) Coplaner & can form a right angled triangle

afeer i+2j+3k, 2i-j+k R 3i+]+4k 39 UBR ¥ & o ARy @ afow g g aRky @
IRMS fd=g 8, a1 9fewr & —

(A) SRTHTAT (B) AT TR st & 91 Hahd B

(C) AT <ifdhd T Sl 941 ¥l @ | (D) FHTI 3R Tdh FHHI Y 9971 Fahd © |
Clearly triangle is not possible as v, + v, + v, # 0

Since Vv, =V,+V,

Hence v,, v, ,v, are coplaner

V3
Vo
v,
wWEd: dF 9 Py a7 99a e 8 Ol B v, + v, + v, 2 0
Vy =V, +V,

31 V,, V, ,V, TATA B |

V3

Let 3, b and ¢ be non-coplanar unit vectors equally inclined to one another at an acute angle 6. Then
‘[é b 6]‘ in terms of 6 is equal to: [16JM120033]

(A) (1 +cos 0) Jcos 20 (B) (1 + cos 0) 1}1—200326
(C*) (1 —cos e)a}1+20036 (D) (1 —sin 9),/1+200$6
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Sol.

12.»

Sol.

13.=

Sol.

14.n

Sol.

A &, b 3R ¢ IHA gHhE ARy ¥ AR UAS TS R D AT FGHM A IV O §A B, o
‘[é b 6]‘mﬂﬁezﬁqﬁﬁ%—

(A) (1 + cos 0) Jeos 2 6 (B) (1 + cos 6) J1-2cos26

(C*) (1 - cos 6) [T+ 2 cos® (D) (1 - sin 6) f1+ 2 cos®

a.a ab ac 1 cosO cosH
[@ b ¢P=| ba bb bé| =|cosd 1 cos6
éa &b é&é cos® cos® 1

Consider a tetrahedron with faces f,, f,, f,, f,. Let a,, a,,a,,a, be the vectors whose magnitudes are
respectively equal to the areas of f, f,, f,, f, and whose directions are perpendicular to these faces in
the outward direction. Then,

(A*) a,+a,+a,+a, =0 (B) a,+a;=a,+a,

(C) a,+a,=2a,+a, (D) a,+a,—a;+a, = 0

TP AqYhAD b JS f,, f, f, f, 81 AP =aR ARy a,,a,,d,,a, & o aRamwr w9 f, 1, f, f, &
FAHA B R B AR W 37 go] & o= a1 Bl AR 8| I,

(A*) a,+a,+3,+4a, = 0 (B) a,+a;=a,+a,

(C) a,+a,=2a,+a, (D) a,+a,—a;+a, = 0

a,=ACxAB = (¢-a) x (b-a)

a, =DBxDC = bx
a, =DCxDA = ¢xa
a, =DAxDB = axb

Ol

Let r be a vector perpendicularto @ + b + ¢, where [abc]=2.1f  [16JM120034]
F =0b x ¢)+m(c x a)+n(a x b), then (¢ + m +n) is equal to
(A) 2 (B) 1 (C1)o0 (D) -1

F® a+b+ ¢ oFdaq U AfRw 8, W&l [abc]=2. 3
F =0b x¢)+m(¢ x a)+n(a x b) &, @ (£+m +n) Bl 4 8—
(A) 2 (B) 1 (€0 (D) -1
r(a+b+c)=0
=N fa b ¢él+ma b ¢l+na b ¢]=0 or(@) (¢+m+n)[a b ¢] =0

or(@W) (+m+n=0

(B)3[a b ¢]r (C)[a b ¢]r (D)4[a b ¢]r
Iy a, b, ¢ N raAdely, srg Afeer & &R wafte § &8 |fdw ¢ 8, @
(@xb) x (FxC) + (bxC) x (Fxa) + (Gxa) x (F xb) & A 8—
(A*) 2[a b ¢]r (B)3[a b ¢]r (C)[a b ¢]F (D)4[a b ¢]r
r=xa+yb+zc
Consider (axb) x (fx¢) =[a b ¢ r—[@ bric
But [@a b r]=(axb).r=z [a b d] above expression=[a b ¢] (f—zc)

Hencesum=1[a b ¢](3r—-xa-yb-z3)=[a b d]2r
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Hindi. r=xa+yb+z¢
(axb) x (fxc) =[a b c]r—[a brlc
dAfT [ b r]=(@xb).r=z [@a b ¢] SWRAE IATH=[a b ] (F-z35)
gd: AMM=[a b ¢](Br—xa-yb-zc)=[a b ¢]2r
15. If b and ¢ are two non-collinear vectors such that a|| (b x ¢ ), then (a x b).(a x ¢)is equal to
(A*) @%(b.c) (B) b?(ac) (C) ¢%(a.b) (D) — a2(b.c)
afe b 3R ¢ <1 RNEY Ay 39 ydR & f6 4| (b x ¢),d (a x b).(a x ¢) ®T 79 82—
(A*) a2(b.c) (B) b?(ac) (C) ¢?(a.b) (D) — @%(b.c)
Sol. af|(bx¢) = a= Abxd)
. .. . . la.aa.c [a.a o0 . = =
also 3R (axb)-(axc)=[. =~ _ = |= ~ | =]aP (b.c)
.a b .c 0 b .c
16.= Let 26+b = 4a+3d. If [a ¢ é] and [éBaJ are natural numbers with H.C.F. equal to 1 then how
many statement are true among below six statement.
A 26 +b = 4a+3d IR [a ¢ é} 3R [568] g S ® e 7991 2 99 1 Ry 80wl
H ¥ fpa do+ I8 2|
(i) [a b a] =2 (ii) [é b 6] =3
(i) ~ [dcb]|=4 (v [dca]=1
(v) (aXB) x(6x8)=20—38 (vi) (aXB) x(axa)=4é—6
(A)2 (B) 4 (C) 6 (D)o
Sol.  (26+b).(axd) = (4a+3d).(axd)
= 2[cad]+[bad]=0 = [abd]=2[dca] .. (i)
Now & (26 +b).(Cxd) = (4a+3d).(cxd) = [866] =4[aéa] ..... (ii)
Now 31 (26+b).(dx¢)= (44+3d).(ax¢)  =[dbc]=8[dca| .. (i)
From (i) (i) and (iii) we get [aa é] =1, 568] =2, [” b 6] =3, [866] =4
(i), (i) 3R (jii) [aa é] =1, 568] =2, [é b 6] =3, [866] =4
{ -+ H.C.F. of [568 and 3R [aéa] =1}
Now 37 (axb) x (¢xd) = [abd]c - [abc]d = 26 - 3d = 4a - b
17. Let U andv are unit vectors and w is a vector such that (UxVv)+U = w and wxu=Vthen the
value of [U Vv w]is equal to
(A") 1 (B)2 (€0 (D) -1
AFT U R v SHIE ARy 8 TN w U ARy 39 ISR 8 f& (UxVv)+u = w T wxl=V,
[U V WA SRR 8-
(A") 1 (B)2 (€0 (D) -1
Sol.  Given f&ar 1 2 (UxV)+U = w and GTw xU =V
= (UxV)+U x U=wxU = (UxV) x U+UxU =V (as WxU=V )
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18.

Sol.

= (U.u)v—(v . U)u+uxi=v

(using U.u =1and3iR Uxu =0, since unit vector & $HIE AR )
= V—(V . U) U=V = (U.v)u=0
= u.v=0 (asu #0) e (i)

Nowar@ U . (VxW)

=U . (Vx((UxV)+U)) (given f&am 8 w =(UxV) +u)
=0 . (Vx(UxV)+VxU) =U . ((V . V) U=(V . U) V+VxuU)
=U0. (|VFu-0+vxu) (@as U . v=0 from FHIHRT (i) )

V@ . ) -4 . (Vxt)

[VP|ufP —0(as[u v U]=0)

=1 (asdfe U] = [V]|=1)
[UvV w]=1

Find the shortest distance between any two opposite edges of a tetrahedron formed by the planes
y+z=0,Xx+z= 0,x+y=0,x+y+z=«/§a.

(A) a (B) 2a (C)a/2 (D) V2 a.

el y+2=0,Xx+2= 0,Xx+y=0,x+y+z=+3a ¥ I Ighas & I AT PRI & 7eg
gTH G 2

(A) a (B) 2a (C)a/2 (D*) V2 a.

Q

0 D

( ] 0, ‘/3 a)
Let the equation to one of the pair of opposite edges OA and BC be
y+z=0,x+z=0 ... (1) and x+y=O,x+y+z=\Ea ..... (2)
equation (1) and (2) can be expressed in symmetrical form as
x-0_y-0_z-=0 (3) and, x-0_y-0_2-y3 a (4)

1 1 -1 1 -1 0

d. r. of OA and BC are respectively (1, 1,— 1) and (1, — 1, 0).
Let PQ be the shortest distance between OA and BC having direction cosines (¢, m, n)

PQ is perpendicular to both OA and BC.
f+m-n=0 and {—-m=0
Solving (5) and (6), we get, % -
also, 2+m2+n2=1

k2+k?+4k?=1 = k==

B C
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Shortest distance between OA and BC

ie. PQ = The length of projection of OC on PQ

0 P A
90°]
| oo
C Q B

Sol.

AT OA T BC fIwid f5RI & g™ 7 I U FHIPRY B |

y+z=0,x+z=0 ... (1) =i x+y=0,x+y+z=e\/§a ..... (2)

JHIHROT (1) TAT (2) BT FHAT HU F fore

x0_y-0_2z-0 (3) e, x-0_y-0_z-y8 a 4)
1 1 - 1 - 0

OA T BC & faa argura (1,1, - 1) 3R (1,-1,0) 8|

A PQ, OA @21 BC & Hed ofgad g3 & M fA@w&isarg (4, m, n) 81 PQ, OA Jer BC 3HI &
owaq 2|

f+m-n=0 eI {—-m=0
T (5) T (6) W, §=?=g=k(say)

e, Z+m2+n2=1

0
Kk dke=1 = ket = #
J6
(-+l m-—l—l n_+£
g g 6 B c

OA TN BC & #e &gad g4

Frid PQ=0C &1 PQ W Y&Y &I =T

0 P A
90°]
|90

C Q B

=I(Xz_X1)£+(Y2_Y1)m+(22_z1)n|
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-

1 1 2
=10 —+0 . —+B a = | =\2a.
N3 & &
19. A plane meets the coordinate axes in A, B, C and (a, B, y) is the centroid of the triangle ABC, then the
equation of the plane is [16JM120036]
A) 24 ¥ i Zo3 B 2+¥iZoq © Zi 32 1 (D) ax+py+yz =
a B v o B v o
TS |Aad e el @1 A, B, C W fAad § iR (o, B,7), B9 ABC &1 @=a 8, O dAdd @I
FHIEHR B—
A) 2+ ¥iZo3 B 2+¥iZoq © Zi 32 1 (D) ax+py+yz =
a B v a By a By
B(0, 0, b)
Sol.
A(a, 0, 0)
C(0,0,c)
Let the equation of plane be
AT AT BT THDHRT & —
£+X+E:1
a b c
as (a, B, y) is centroid
ST (o, B, 7) DED & —
a b c
=2, Bp=—and3iRy = =
“=3 P=3 =3
equation of plane X Y, 2 3 el &1 adav 24+ Y 1223
a B v a B v
. . . . . . x—1 y-2 z-3
20.= Equation of plane which passes through the point of intersection of lines 3 -1 -~ 2 and
x-3 y-1 z-2 . . .
=5 =3 and at greatest distance from the point (0, 0, 0) is:
(A) 4x + 3y + 5z =25 (B*) 4x + 3y + 5z =50
(C)3x+4y +5z=49 (D)x+7y—-5z=2
el X; _ Vf _ Z;"’ aiR Xf’ _ y; _ 252 & e R ¥ oY a1 iR R (0, 0, 0)
q Afmdd & R R wwad &1 FHEI0 § —
(A) 4x + 3y + 5z =25 (B) 4x + 3y + 5z = 50
(C)3x+4y +5z=49 (D)x+7y—-5z=2
Sol. X1_y-2_z-3_, (1) x=3_y-1_2-2 (9
3 1 2 1 2 3

coordinates of any point P on line (1)
P@r+1,r+2,2r+ 3) for point of intersection of (1) and (2)
r+1-3 r+2-1 2r+3-2 :>3r—2 _r+1 2r+1
1 2 3 1 2 3
point of intersection is (4, 3, 5) the equation of required plane

r=1
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Vector & Three Dimensional Geometry / “_

Hindi.

21.»

Sol.

Hindi.

22,

= 4(x—4)+3(y—3)+5(z-5)=0= 4x+3y+52=50
x—1:y—2:z—3:r () x—3:y—1:z—2
1 2 1 2 3
@l (1) R Red & fag P& fdens 8 —
P@Br+1,r+2,2r+3)
(1) 3R (2) & ufowss fag & fog
3r+1—3:r+2—1:2r+3—2 33r—2:r+1 :2r+1
1 2 3 1 2 3
uferees 95 (4,3,5) 2|
e FHTd BT FHIBRT B
4(x—4)+3(y—3)+5(z-5)=0=4x+3y +52 =50

. (2

The non zero value of ‘a’ for which the lines 2x -y +3z+4=0=ax+y—-2z+2 and
x—3y+z=0=x+2y+z+1areco-planaris :

(A7) -2 (B) 4 (C) 6 (D)0

‘a’ BT I A oId oy Y@ 2x—y+3z2+4=0=ax+y—z+23dR x-3y+2z=0=x+2y+2z+ 1
AT ©, BN —

(A) -2 (B) 4 (C) 6 (D)0
2Xx-y+3z+4=0=ax+y—-z+2 - (1)

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

x(2+ah) +yA—1)+z(83-A)+(4+21) =0 e (2)

X—=3y+z=0=x+2y +2 +1 . (3)

-+ equation of plane passing through (3) is

x=3y+z)+pux+2y+z+1)=0= x(1+p) +y@Cu-3)+z(np+ 1) +u=0 ee (4)
2+ar  A-1 3-1 4+2)

p+1 _2u—3_u+1_ u

Solving thiswe getA =—1, p=1 a=-2
2X—y+3z+4=0=ax+y—-z+2 (1)

(1) | TIORA aTel FAdS BT FHIBT & —

(2x—y+3z+4)+Max+y—-z+2)=0

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

x@+al)+yh=1)+2zB-N)+(@4+22)=0 .. (2

X—3y+z=0=x+2y +2 + 1 - (3)

©(3) W IORA Tl FHAA BT AHIDBROT B —

x=3y+2)+pux+2y+z+1)=0= x(1+p) +yCpu-3) +z(p+ 1) +pn=0 vee (4)

aﬁ%@ (1)3ﬁ7{ (3) ﬁ g_, a9 2+a7\.: A—1 :3—)L:4+2}L
p+1 2u-3  p+1 u

AP A A W A=—1, u=1 a=-2

A line having direction ratios 3, 4, 5 cuts 2 planes 2x -3y + 6z —12=0and 2x — 3y + 6z + 2 =0 at
point P & Q, then find length of PQ

S S
3, 4,5 & U drell Udh WA Y@ 1 FAdAl 2x — 3y + 62— 12=07Td 2x — 3y + 6z + 2 = 0 B! fIgaii
PUd Q, R ufdwoe &3dl 8 a PQ & =TS 8-

(AY) —Bf‘f B) —3245 ©) —35(;/5 (D) —355/5

/\
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Sol.

Hindi

=2

distance between plane = ‘ 2+12 ‘

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

527  35(2
35V2 3542

24 12

sind =

. 2
sinb= — = PQ=2
PQ *

Q

i

W@ﬁa‘:wq\ﬁ:‘ 2+712 ‘:2

23.

Sol.

24.

L Y& 3R FAdA & T B0 = 0
6-12+30 24

527 352

sind =

Aline L, having dierection ratios 1, 0, 1 lies on xz plane. Now this xz plane is rotated about z-axis by an
angle of 90°. Now the new position of L, is L,. The angle between L, & L, is : [16JM120037]

T @I L, & fag argurd 1,0, 18 Sl xz Goaal R R &1 314 39 xz GHdA PI z-3&7 B |rdel 90° HIvl
W FoiF aRraT o1ar ¥ ) 39 USR L, @ 70 Reifa L2, @1 L, Td L, & Hem HIor Brm—

(A) 30° (B*) 60° (C) 90° (D) 45°

o . . 1 1
L1011 a=45"=90°y=45> (= =, m=0n -
L, : o =90° B =45° y=45°

1 1
So 31 €1=0’m1=ﬁ’n1=_2

Let angle between L, & L,be 6. AL, T2 L, & #eg &IVl 08 4
S0 3fc: cosO = £,/, + mm, + n.n,= cosO = % 0 =60°
Focii of ellipse lie on plane 2x + 3y + 6z = 0 are (54, 18, —27) and (-54, —18, 27). If eccentricity of

ellipse is % then find equation of directrices .

/\
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-

|HAA 2% + 3y + 6z = 0 IR Reya <eiga o1 A1 (54, 18, —27) A1 (54, —18, 27) AfE g @1 Sl

géaaﬁwaﬁzswﬁw%—

x-150 y-50 z+75 x+150 y+50 z-75

(A%) = ;
3 -6 2 3 -6 2
) x-150 y+50 z+75 x+150 y-50 z-75
-3 -6 2 -3 -6 2
©) x-150 y+50 z+75 x+150 y-50 z-75
3 -6 2 3 ~ -6 2
(D) x-150 y-50 z-75 x+150 y+50 z+75
3 -6 -2 3 @ -8 -2
Sol. Equation of major axis of Ellipse is % Y.z and centre is (0, 0, 0)

D.Rs of directrices are components of (6i +2] —3k) x (2i +3] +6k) = (3, -6, 2)
point of intersection of directrices and major axis are (150, 50, —75) and (=150, —50, 75)
= equation of directories are

x-=150 y-50 z+75 and x+150 y+50 z-75
3 -6 2 3 -6 2

Hindi. <Teigd & <d et &1 FHIaRoT %:%:_isaeﬂfﬁv—c{ (0,0,0) 2|

(6i +2] —3k)x (2i +3] +6k) = (3,-6,2) & frudwiii & f@arean]
e iR dresier (150, 50, —75) 3iR (=150, =50, 75) & ufd=es fog = fgamsi & weo

x-=150 y-50 z+75 . x+150 y+50 z-75 3
3 -6 2 3 -6 2

PART-ll: NUMERICAL VALUE QUESTIONS

HAT-Il : G&ATHS 999 (NUMERICAL VALUE QUESTIONS)

INSTRUCTION :
placed.

fadw -

The answer to each question is NUMERICAL VALUE with two digit integer and decimal upto two digit.
If the numerical value has more than two decimal places truncate/round-off the value to TWO decimal

&+ 39 G § YIS YT HT SR GG 91 S v A 2 Rrad Q1 quiies ofd don < &fd qerHed & 9 H B
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< I AITHS H9 H Q1 9 P I9HEd M B, O A d A Bl SIHAd B &l WRIF db gde/ISS
3% (truncate/round-off) X |

Ans.
Sol.

Ans.
Sol.

.=

Ans.

Sol.

Given f2(x) + g3(x) + h?(x) <9 and U(x) = 3f(x) + 49(x) + 10h(x), where f(x), g(x) and h(x) are continuous
V¥ x € R then maximum value of U(x) is.

feam 7 8 & f2(x) + g2(x) + h3(x) < 9 @em U(x) = 3f(x) + 4g(x) + 10h(x) ST&f f(x), g(x) @ h(x) I x € R
% forg 9aq &, a9 U(x) &1 1frdad 99 & —

33.54

max {U(x)} = max. { (3] + 4] +10Kk) - (f(x)? + g(x)] +h(x)R)}

— max. {\/125 - JF07 + g (x)7 + (x)? -cose} - 1125 =  N=1125=> N-1000=125

If in a plane A,, A, A,....... A,, are the vertices of a regular polygon having 20 sides and O is its centre
and i((ﬁi xOAi41) = A (OAz xOA1) then || is [16JM120040]

gfe ﬂI:ﬂa HALAL A, ..o A, FFa8YS B WY & Rraa) 20 4ol € 3R O 391 B & a1
i(cﬁ\}xcﬁm) = A (OA2 xOA,) Td [A| &1 719 &

121.00

n-1_ . B . . . R . . .
D> OAixOAi .1 = OA:xOA; +OA; xOAs ......... + OAn1 xOA, = (n—1) (OA1xOAz)
i=1

=(1-n) (OA2xOA;) when 9 n=20 = A=-19

¢ |PAF +|PBJ +|PC[’

e where P is any arbitrary point lying on

In an equilateral AABC find the value o

its circumcircle, is

|Ha1g AABC H [PAF+|PBF +|PC[" BT A1 G DINY S8l $89d IR g0 IR Weo fag P 28—

RZ
06.00
A@)
p(P)
o (0)
<)

Let O(0) be the circumcentre of AABC
AT O(0), AABC &1 uR$= B |

Given (a)=blHc|=R=0= = a+b+¢ =0

|PAP +|PBF +|PCF
RZ =?:> R2
3|P|+|aff +|bP +|c )P —2P.(a+b+¢c) _ BR?
R? " R?

=6

/\
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Ans.
Sol.

Ans.
Sol.

Hindi

6.=

Ans.

+j+kand C=4i-3]+7Kk.lfavector R=oi—pj+yk satisfies
A =0 then 0?2+ B2+42is  [16JM120039]

] kadarC =47-3]+7k 23l aker R=ai-pj+yk satisfies
RxB=CxB 3RR.A =0 I ol & a9 a2+ p2+12is

69.00

R-C)xB=0 = R=C+MB =  AC+}AB=0=  15+3.=0

= Ar=—5 = Ii:—f—8]+2l2

A line X:Z = y;3 = Z;k cuts the y-z plane and the x-y plane at A and B respectively. If Z/AOB =

g, then k, where O is the origin, is

UHh @l X:Z = y;3 = Z;k,y-zwaa AT x-y FAGA BT HAM: A IR B R ufess wcl § A}

4AOB=gwka%aﬁOﬂ§rﬁ§%—

04.50
X:2=y;3=2;k =2 =  (A-2,20+3,3L+k) forA r=2
AQ, 7, 6 +K) —~  forB r=-X - B(—Z—E, 32 oj
3 3 3
S ok 9
/AOB=90° =  AO.OB=0 = 7(— 3+?)=o o k=3 =2=9

X:2=y;3=2;k =\ = A—2,2L+3,3L+k) Adfog a=2

A(0,7,6+k) = Biﬁmk:—% = B(_2_§’ 3_% oj

/AOB=90° = AOOB =0 = 7(— 3+%) 0 g1 k=% =2k=9

Given four non zero vectors a, b, ¢ and d. The vectors a, b and ¢ are coplanar but not collinear pair
VAN AN VAN
by pair and vector d is not coplanar with vectors a, band ¢ and (a b) =(b c) =g, (d a) =«

AN
and (db) =B,i (dAE)—cos‘1(mcosB+n003a) thenm—nis:

fear g f& a bctfadfrl’\’m]\ﬂlﬂﬁﬂélﬂﬁﬂab({ac«Hqu%‘oncMgWﬁw%@’m%aﬁ’\’

v&mdv&sﬁabqaca%wawaaﬁuﬁ%aﬁq(”):(ﬁé) 3,(6|) (86);3?1&:

(aAé) =cos '(mcosB+ncosa), T m—n?
02.00

/\
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Sol.

Hindi

Ans.

a
n/3

~
7
/3
c

Angle between vector & & b remains same even if we presume them as unit vector. Here for sake of

b

convinience let &, b, ¢, d are unit vectors.

- 1 L
a.b = cos% =5 1) ; b.¢ = % ............ 2)
a.d=cosa e (3) ; b.d =cosp ... (4)
also b =X (a+c)
Since b is presumed as unit vector
Ma+c) |=1 = 2\2(@+c2+2a6) =1
or  A2(A+1-N=1 =  r=1
b=(a+c) = c=b-a
again d.¢c= ‘a“6|cose = d.(o—a) cosO = cosp —cosa 0 = cos'(CoSp — Cosa)
a
/3

b

N
7z
/3
c

gfe @fewr a R b @ gabrs Ay 74 R 9 a9 W §9 #eY 999 arell HIv URdfdd I8l |
s gRem & o a, b, ¢ TI d B &F 3HIS ARY A9 oA 2|

- 1 =~ -
ab=cos§=§ ............. 1 b c=% .......... 2)
ad=cosa . (3) ; b.d=cosp .. (4)
AR b =i(a+c)
S % afee b &1 s@rg afew A form @
Ma+c) |=1 = 22 (@% +c? +2ac) =1
T aAr1-1)=1 = A=
b=(a+c) = c=b-a
g Q.E:‘a“dcose = d.(b—4)cos0 = cosp —coso. = O =cos'(cosp — Cosa)

a? (Bxé) +b?(cxa) + ¢ (éxB)

o

If the circumcentre of the tetrahedron OABC is given by , where

a,b & ¢ are the position vectors of the points A, B, C respectively relative to the origin 'O’ such that
[a b ¢]=36then ais [16JM120041]

a® (bxc) + b* (cxa) + ¢*(axb)
I agwhad OABC &1 uRe=

fear w8, el ga g & «|ne
(00

a,b dur ¢ ®ue: fdg A, B, C & Rufy dfeer @ S&fd [a b ¢]=36Td o & —
72.00

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Besfobnance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVQE- 16
ucating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

Sol.

Hindi

Ans.

Sol.

vectors 3, b & ¢ are non coplanar so are the vectors axb, bx¢
Let position vector of circumcentre ¥ = x(axb)+ y(bxc)+z(C x a)

also OE=AE=EB=EC - |T|=|F-a|=|F-b|=|F—¢]
or 2=v2+3%-2ra = r2+b? —2rb=r? + % —2r.c?
O(0)
(a)A
‘E
By, c(c)
. . . =2
- ora-al, ofb=b?, or  2y[a b ¢]=& -~ y= 2
2la b c]
Similarly z & x can be obtained
4fH &, b Y9 ¢ sAdely &, o Afew axb, bxc W swHdeNT &N |
AT IRB= &1 Rerd Al ¥ = x(@xb) + y(bxc)+z(Gxa) B
véd  OE=AE=EB=EC - |T|=|F-a|=|F-b|=|F¢]
WM =T+ 2P = PP 4+b 275 =17 4G — 27 G
O(0)
(a)A
‘E
By c(c)
. . . <2
- 2a=a&, 2Fb=b?, T 2y[a b Gl=& - y=—2
2la b ]

39 UPR z 3R x Bl 9 g fhar o Fahdr 2 |

Given three point on x — y plane as O(0, 0), A(1, 0) & B(-1, 0). Point P moving on the given plane
satisfying the condition (PA . PB) + 3(OA . OB) =0 [16JM120042]

If the maximum & minimum values of | PA | |PB| is M & m respectively then the value of M2 + m? is
34.00

fay g 49 &5 0(0, 0) A(1, 0) & B(—1,0) xy §9ad &R 2| fdg P ¥9dal IR 39 UHR 70 &l 2 &
ufers=r (PA . PB) +3(0OA . OB) =0 81 J8 |PA||PB| &I 3ifidad a =gAd9 A H#: M T m
21 a9 M2+ m2adl A1 B—

P =xi+Yj : AP = (x = 1)i +yj : BP = (x+1)i +Yyj
PA.PB =x2—14+y? ; OA .OB =-1
Now 319 (PAPB) + 3(OAOB) =0 = XX+y2—4=0 = X2+y2=4

IPAIPB| = J(x -1 +y? J(x+ 12 +y? = J5-2x\/5+2x
|PA||PB| = J25-4x°

Now from x2 + y2 = 4 ¥ put  x=2cos 6 Y& W y=2sin0
|PA||PB| = 25-16c0s?0 ; |PA||PB|, =25 =M
|IPA||PB| =+9 =m ; M2+ m?=25+9=234

min
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TR

Ans.

Sol.

Hindi

If the volume of tetrahedron formed by planes whose equationsarey + z=0,z+x=0,x +y =0 and
X +Yy +z=1Iistcubic unit, then the value of t is
A FHAA Yy +2=0,2+X=0,X+y=0TA x+y + 2z =1ERI T4 TR IIHAD B AT t T §PIS

2 dl t T 79 A9 B |
00.66 or 00.67

(0,0,0)

(-1,1,1) &grmmmmmennceeeenes (1.1.-1)

(1,-1,1)
The planes are
y+z=0 ... (1)
z+x=0 . (2)
X+y=0 . (3)
X+y+z=1 ... (4)
Solving above equations we get vertices of the tetrahedron as (0,0,0), (-1,1,1), (1,-1,1) and (1,1,-1)
-1 1 A 02 1
Required volume = %1 -1 1 = %2 0 1 =%=§:t=§:3t=2
11 - 00 -1

(0,0,0)

(=1,1,1) &mmmmmmmmmfmmmnees (1,1,-1)
(1,-1,1)
|qHAA B
y+z=0 ... (1)
z+x=0 . (2)
X+y=0 . (3)
X+y+z=1 ... (4)
SWIF TR0 Pl & B TR 8H Igehard & W (0,0,0), (=1,1,1), (1,-1,1) F&nm (1,1,-1) e €
-1 1 1 02 1
JHITE AT = %1 -1 1 = %20 1 =%=§:t=§:>3t=2
1 1 - 00 -1
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10.

Ans.
Sol.

Hindi

11.

Ans.

Sol.

Hindi.

If r represents the position vector of point R in which the line AB cuts the plane CDE, where position
vectors of points A, B, C, D, E are respectively a=i+2j+k, b=2i+]j+2k, ¢=-4]+4K,
d=2i-2j+2k and & =4i+]+2k, then || is : [16JM120043]

Ife ¥g1 AB T WWddl CDE & wfiese fdg R @1 Refa |few r 8, o8l fd=gaii A, B, C, D, E & Refa
afee HAE: a=i+2j+k, b=2i+]j+2k, ¢=-4j+4k, d=2i-2j+2k 3R é=4i+]j+2k, 8 @ |f] &
04.24

Equation of line ABis r =a+A(b-3a) = F=(+2j+k)+r(i-j+k) 1)
CD=2i+2j—2k : CE=4i+5]—2k : n=CDxCE = 6i—4]+2k
So equation of plane CDE is 3x — 2y + z = 12. Solve with line t = (i +2j +K) +A(i — ] +Kk)
3(1+0)—22-N)+1+A =12 = L=2 Hence Ris 3i+ 3k

XGT AB &1 THIBRIT § =4+ A(b—a) = F=(+2j+k)+a(i-j+k) (1)
CD=2i+2j—2k : CE=4i+5]—2k : n=CDxCE = 6i—4]+2k

|HdA CDE &1 dHIa0 3x —2y +z=12% —
I F=(i+2]+K) +A(i— j+K) & G0 8T BT TR 3(1+4)—22—-A)+1+1 =12 = A=2
s g R, 3i+3k 21

Line L, is parallel to vector a = —3?+2]+4R and passes through a point A(7, 6, 2) and line L, is parallel
to a vector B:2T+]+3R and passes through a point B(5, 3, 4). Now a line L, parallel to a vector
r= 2?—2]—12 intersects the lines L, and L, at points C and D respectively, then | 4CT)| is equal to :
36.00 [16JM120044]
W@l L, ARy a=-3i+2]j+4k & WARR ¥ AR g A7, 6, 2) & Tord ® &R Y@ L, @few
B=2i+j+3k & AR 2 R uvh g B(5 3, 4) ¥ YoRd 2| 3@ TS Y@ L, v IR
F=2i-2j-k & 99 2 3R Y@l L, a1 L, & Haw: el C R D R ufess ol 2,
|4CD| SRR ® :
Equation of line L, is 7i+6j+2k + A (~3i+2]j+4k)
Equation of line L, is 5i +3]+4R + p(2’i‘+]+3R)
CD = 27+3]—2l2 +k(—3?+2]+4l2) —p(2'i\+]+3l2).since it is parallel to 2?—2]—R

2-3r-2u _ 3+2h-p _ —2+4A-3p

2 2 1 h=2.opml

CD = -6i+6]+3k 4CD|=36

XN L, d1 FHEROT 71 +6]+2K + A (-31+2]+4Kk) B

G L, BT FHIGRO 51 +3]+ 4k + (2 +]+3K) B

CD = 2i +3]—2Kk + A (-3i+2]+4k) — pn(2i + ] +3K)

9f T8 2i-2j—k & WK B |
2—375—2u :3+?72\4_H:_2+i71\4_3ll A=2. u=1
CD = -6i+6]+3k 4CD|=36

/\
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Vector & Three Dimensional Geometry /

-

12. L is the equation of the straight line which passes through the point (2, —1, —1); is parallel to the plane
4x +y +z + 2 =0 and is perpendicular to the line of intersection of the planes 2x + y=0=x -y + z. If
the point (3, a, B) lies on line L, then absolute value of % is
HMET TR NG BT FAIBROT Sl fawg (2, -1, —1) A T[OIRAT 8 A FAAA 4X +y +2+2 =0 FARR 8 AR
AT 2x +y =0 =x —y + z B Ufreses Y@ & oEaq & Ik /g (3, o, B) Y@ L R Rya 2 9
%Eﬁ[ﬁﬂﬁ&wm—r{ﬁm—

Ans. 01.75

Sol. X=2_y+1_z+i da+b+c=0 N0

a b c
i 0ok
2X+y=0=xX-y+z = 2 1 0= i1-0-j2-0)+k(-2-1)=i-2j-3k
1 -1 1
a-2b-3c=0 .. (i)
From (i) & (ii) (i) 3 (i) &
4a+b+c=0 =  a-2b-3c=0=>_—2 P __C a_b_c
-3+2 1+12 -8-1 -1 13 -9
equation of the line T BT FHIBHRT
x-2 _y+1_z+1 3—2=(x+1=[3+1:>a=_14 and B=8= |a+p|=6.
-1 13 -9 -1 13 -9

13. The lines x+4 = yJ5rG = 2_21 and 3x — 2y + z + 5 = 0 = 4x + 3y — 4z — 3k are coplanar, then the
value of k is
Y X;4 - y;6 - 2_21 qAT 3x —2y +2+5=0= 4x + 3y — 4z — 3k THAANT &, T9 k BT 7 2

Ans. 10.66 or 10.67

Sol. L1:X;4=y;6=221_ ; L,: 3x—2y+2z+5=0=4x+3y-4z-3k
Any point on the first line is (3r— 4, 5r— 6, — 2r + 1)

As lines are coplanar therefore this point must lie on both the planes representing the second line
33r—4)-2(5r—-6)+(-2r+1)+5=0 = r=2
hence coordinate of point (2,4,-3)
and 4(2) +3(4) - 4(-3)-3k=0=k = 33—2
Hindi. L X4 _Y*6_2-1_ ) oy oysz+5-0=4x+3y—4z—3k

3 5 -2
T XW W BIg a5 (3r—4,5r—6,—2r+1) 5 |

SIfE Y@ wAdeia ¥ 98 g S9 Qi Faadl W Red g9 ity Sifes g Y @1 gefia e €

3(3r—4)—2(5r—6) + (-2r+1) +5=0 =
Ia: fag & e (2,4,-3) ©

r=2

32
MR 4(2)+3(4)-4(-3)-3k=0=k= 5
® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
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14.

Ans.

Sol.

Hindi

15.

Ans.
Sol.

Hindi

About the line X; = y-2 = 2:3 the plane 3x + 4y + 6z + 7 = 0 is rotated till the plane passes

-3
through the origin. Now 4x + ay + Bz = 0 is the equation of plane in new position. The value of o? +
is

v X1 _y-2 _2+3 D AUE FHAA 3X + 4y + 62 + 7 = 0 PI Sadd YA STl 8 d9 dP Ig ol
2 -3 1

fog & 98 ToRar § @ T Rafd § wwad & TERO 4x + oy + Pz =07 T o2 + f2E —
32.00

Since 3(2) + 4(-3) +6(1) =0 and 3(1) +4(2) +6(-3) +7 =0
-1 y-2 z+3
=5 -
In the new position again the line lies in the plane. Let the equation of the new position of the plane be
ax+by+cz=0,then2a-3b+c=0anda+2b-3c=0
a b c

the line = lies in the plane 3x + 4y + 6z + 7 = 0.

= = i.e. a=b=c
9-2 1+6 4+3
equation of the required planeisx +y+z =0
3(2) +4(-3)+6(1)=0 KN 3(1)+4(2) +6(-3)+7=0

=T X; = y_32 = 2:3 FqAAA 3X + 4y + 62 +7 =0 R Rerd &

g T Reafdy # Y a9da w Rerd & o A e Tl Refd &, wada &1 a#iaRv ax + by + ¢z =0 &,

ar

2a-3b+c=03Ra+20-3c=0
a b ¢
9-2 1+6 4+3
I T FATS BT FHIGRIT X +y +2=0

Jafq  a=b=c

The value of tan 30, where 0 is the acute angle between the plane faces of a regular tetrahedron, is

tan%@ &1 A BT STl 0, AHAShAd & AHAA HaAd $ H Bl =[ADIV 8— [16JM120046]
22.62 or 22.63
Since tetrahedron is regular AB = BC = AC = DC and angle between two adjcant side = /3

consider planes ABD and DBC vector, normal to plane ABD is = axb
vector, normal to plane DBC is = bx¢ angle between these planes is angle between

vectors (axb) & (bxc)
1 _ -
).(bxc) "4 la||¢| 1

< glallefle]

b

‘2

Ql

(

X

= cosO =

[oX1 Koy
|

Tl
ol

Ql

X

Since acute angle is required 6 =cos™ [%j = tand= 242 = tan®0 = 1642

Ffe fean T agehds FHAgEHhdd § d: AB = BC = AC = DC 3iR 31 3 Yoiieil & A& BIvl /3 § |
AT ABD 3R DBC @ dHde & T¥del ABD & ofFgdq dfasl = axb

HHdA DBC & o*daq W = bx¢

weed: gl (axb) 3R (oxC) & He g9 drell B &

39 FAAE! & AL 99 dTell BIT § |

/\
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16.

Ans.
Sol.

Hindi

17. =

Ans.
Sol.

ol

.. _1
= cose:(éx?)'(tixc) = 4‘ = __
[axb| |bxc §| a

4

-3 g PIUT 6 =cos™' (%) = tand= 242 = tan®0 = 16\5

|
|
o
(el
w

R and r are the circum-radius and in-radius of a regular tetrahedron respectively in terms of the length
k of each edge. If R2 + r2 = Ak? then value of A is

R ToM r A% FHAShAS d IR iR ot 7ds Rl & o1 k& Ual 9 g1 afd Re+r2 =
AK2 TG A BT AT BT —

00.41 or 00.42

circum-radius = distance of circum centre from any of the vertex

a+b+c from vertex D (6) [tetrahedron is regular]

= distance of

2 2 2
S esereie (KL T 6k = . [= Kk
4 2 2 4 8
ro 1 R k 3 k 5 5
—=— = r=—=-— = R=/> k &r=—1= = Re+r2 = —k
R 3 3~ J2a Vs J24 T

= minimum value of p+ q =17
IR = Re= o foedt ff ofid 9 0
= é+2+6 @ o D(0) & 0[S 5 agwhdd, T AHATYHAD B |

IR = %‘§+6+6‘=% \/éz+62+52+2(é.6+6. c+ca)

2 2 2
e (KT B = [ &
4 2 2 2 4 8
ro1 R k 3 k 2
—== = r= —= — R=,- k &r=—= = R2+r2 = —k
SR R

=p+q=17 B Y9 H 8

A line L on the plane 2x + y — 3z + 5 = 0 is at a distance 3 unit from the point P(1, 2, 3). A spider starts

x-1 y-2 z-

moving from point A and after moving 4 units along the line 3 it reaches to point P.

1 -3
and from P it jumps to line L along the shortest distance and then moves 12 units along the line L to
reach at point B. The distance between points A and B is [16JM120047]

AT 2x +y—3z+5=0 W 3@ L, g P(1,2,3) ¥ 33F1E & W 2| & Adhs! g A¥ 1 F=xchy

EERCL x;1:y;2:z—33 D ARy 43P W R A5 PR ugaell 2 92 I PY 98 W@ LW
YT B N B AR IvAN T | TG X LS gfaw, 12 5HE A e fag B W ugEd 2
fagell Aden B& #ed RAaq g1 §1d DI |

13.00

32 +4%2 4122 =13

/\
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18.=

Ans.

Sol.

19. %=

Ans.

Sol.

The length of edge of a regular tetrahedron D-ABC is 'a'. Point E & F are taken on the edges AD and
BD respectively. Such that E divide DA and F divide BD in the ratio 2 : 1 each. The area of ACEF is

equal to gaz

FIAgEheid D-ABC @1 qoiill & =g 'a’ ® fg E oIk F &1 qirelil AD @2 BD WR s#er: ® @ E, DA

3R F, BD &1 &gurd 2 : 1% fawiford &=d1 & ACEF &1 &5t gazg‘r?ﬁkimﬂms‘ﬁn—
07.20

, then value of k is :

D (0)
2
1 1 .
A c(c)
(@) 2
B(B) )
lal=|b|=|c|=|a-b|=|c-b|=]a-c|=a
On solving we get 81 &1 TR
— 2 —
éB:b.é:éé=a?:>|é|=|b|=|6|=a

Ez(%}&F:[%J area of ACEF &7 &57%el = — | CE xCF |
22 k2 g - LB axn)+ 2@ xa) +tBx6) = ~ [ 2783 )axp

2| 3 3 219 3 3 2 9
=%.g|éx5|:>%.|éx6| :%.|é||6| sin 60 :%.a2.§=—5fa2

If 'd' be the shortest distance between the lines L + % =1;x =0 and g - % =1;y=0and if

A 1 1 1

d—2=a—2+b—2+c—2then7b|s

afy ¥ret Lo+ £ =1y x =0 qer 5—5=1,y=0a‘»ﬂwa§m§®'d'%amaﬁL=%+l2+l2
b ¢ a ¢ d@® a® b® ¢

qg A BT AM 8 —

04.00

Xy _zme Lo Xoy_zre

0 b —C a o0 c
Dr's of AB are —a/, br, —cr —c/ + 2c = AB is perpendicular to both the lines

0(-afl) +b.br + (-c) (~cr-c/ +2¢) =0 =

and a(-a/) + 0(br) +c (-cr—-c/ +2¢) = 0=

(b2 +c?)r+c? =2¢?

—(@2+c)l—cr+2c2=0

(a% + ¢?)¢ + c?r = 2¢?
from (1) & (2)

/\
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. 2b%c? e 2a’c?

a®? +b%c? +c?a® ' a’b® +b’c? +c%a?
A [0 - 2a°bc? e (azb2 +b%c? —c?a? B
a’b® +b’c? +c%a® a’b® +b’c? +c%a®

B 2ab?c? 0 ¢ b2c? —a’b? — c%a?
a’b? +b%c? +c?a?’ ’ a’b? +b%c? +c2a?

¢ o 4a’b*c* .\ 4a*b?c* .\ 4c?(a*b?)
(@®® +b°c® +c®a®)®  (a’b® +b’c® +c’a®)®  (a®® +b’c? +c%a’)?
4 (@®0® +b°c?® +c*a®)? _ a’o® +b°c® +c*a® 4 _ 1 . 1.1
d®>  a’’c’ +a'b’c* +a'b’c? a’b’c? @ a b® c?
Hindi L: X2-Y_27¢_; ; L: X-Y_zr¢_,

"0 b ’ a0 c
AB @& fa@ a/gura 8 —al, br, —cr — ¢/ + 2¢
AB I YR & aq 8

O(-al) +b.br + (-=c) (—cr—c/ +2¢c) =0
(b2+c?)r+c? =2¢2 i (1)
qAT a(-al) + 0(br) + ¢ (—cr—c/ +2¢) =0
—(@®+c?)l—cr+2c2=0
(22+C)l+Cr=2c% i (2)
(1) 3R (2) &
o 2b?c? e 2a’c?

a®® +b’c® +c%a® ' a’b®+b%c? +c%a’

Alo 2a’bc? c a’b? +b?%c? —c?a?
* a’b? +b%c? +ca?’ a’b? +b%c? +c2a?

B 2ab?c? 0 ¢ b2c? —a’b? — c%a?
a’b? +b%c? +c?a?’ ’ a’b? +b%c? +c2a?

o _ 4a’b*c* . 4a*b?c* . 4c?(a*b?)
(@®? +b%c? +c%a®)?  (a’b® +b%c? +c%a?)®  (a®h? +b’c? +c%a?)?
4 (@®o® +b®c? +c%a’)? _ a’b® +b’c? +c%a® - 4 _ 1 +l +l
d®> a’b'c? +a'b’ct +a'bic? a’b®c? & a® b® c?
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Vector & Three Dimensional Geometry / “_
Bl Exercise-2

PART - 1ll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

WA -1l : U T U 3 31fe 921 fdpcu yoR

1. A vector a has components 2p and 1 with respect to a rectangular cartesian system. The system is
rotated through a certain angle about the origin in the counterclockwise sense. If with respect to the
new system, a has components p+1 and 1, then

. 1 . 1
(A)p=—§ (B)p=1 C)p=-1 (D)p=§
PRy Fdene Mo @ ANe e Afey a4 @ Ocd Ha: 2p Td 18 | Fag &1 Jafds & dne aFEad
fe=n & ve FiRRea @ior | g o B | Ak W Fer & ave 9w a & ued p+1 a1 e,

1 1

A)p=-2 (B)p=1 C)p=-1 ®yp=7

Sol. Before rotation é=2pf+] after rotation é=(p+1)f’+]’ . Since length of vector remains unaltered
J4p2 +1 =(p+12 +1 = 4p>=(p + 1)
=>p+1=%2p =>p=1 or—%

Hindi forr & gofF & gd a=2pi+ . g9 & dga=(p+1)i'+] . df® oo & ¢ €@ ARy & =g
araRqfed & el 8
J4p2 +1 =P +12 +1 = 4p?=(p + 1)
=>p+1=%2p =>p=1 or—%

2 If Z=ai+bjand Z,=ci +d] are two vectors in i and | system, where || = |Z,|=r and
7, . 7, =0,then Wy =ai+cj and W, =bi+d] satisfy: [16JM120048]
(A%) Jwy| =r (B*) [wa|=r (C) Wy.wp=0 (D) |wy]| = |Wp]|
afe | den | fem A% @ AfRw Z=ai +bjR Wy=bi+d] § T |7| =z, =reliR z, . z,=0. 7
Wy=ai+Cj3MR W, =bi+d] Age H=ad & —
(A%)

Wyl =t (B*) |Wp|=r (C*) Wy Wp=0 (D) [Wy| # |W, |
a d

Sol. Asgivena?+b?2=c?+d? ac+bd=0 from second relation ac = - bd :>E = e

using in first relation A2b? + b? = c? + A2¢?
= b2=c? & a?=d? = (b=c,a=-d) or (b=-c, a=d).

Now |w;|= vaZ+c2 =aZ +b? |w,|= Vb2 + R =c? + P
wyw,=ab+cd=ab+b(—a)=0

Hindi <1 & fear 8 a2+ b2=c2+d2 ac + bd = 0 fgfig =1 ¥ ac = — bd :%:—g

UIH IR H SUANT HRA W A2D? + b? = ¢2 + A2c?
= b2=c? & a?=d? = (b=c,a=-d) or (b=-c, a=d)
@ | Wy |= Ja2+c? =2 +b? | | W, | = b2+ = o2 + P
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Sol.

4.

Sol.

wW,W, =ab+cd=ab+b(-a)=0

If a, b, ¢, x, ¥, z € Rsuch that ax + by + cz = 2, then which of the following is always true
afda,b,c,X,y,zc REAUBR & fF ax +by +cz=27 91 § & I 929 9 ©

(A" (@2 +b2+c?)(x2+y?+2%) >4
(C)(@+y*+Z?)(x2+b2+c?) >4

&

=

Let A =ai +bj+ck
given that AB =2

B=xi+yj+zk

|A| |B|cos6 =

\jx2+y2+22 .\/a2+b2+c2 >2

=

= (@+b2+c?)(x2+y2+2%) >4
Similarly the others.

A9 A=ai+bj+ck Td B=xi+yj+zk

fear mr g AB=2

2

(B*) (x3+b?2+z?3)(a®2+y? +c?) >
(D*) (a2 + b? + z2)(x? + y? + ¢?)

f—
= (22+b?+c)(x®+y?+2%) 24
U UBR I

>4
>4

|A||B|cosd=2 = \/x2+y2+22 NaZ+b?+c2 >2

The direction cosines of the lines bisecting the angle between the lines whose direction cosines are
¢,, m, n, and 7, m,, n, and the angle between these lines is 0, are

I ¥Rl B &R DI S1 4, m, n, AR £, m,, n, [AHHISATS aTell @181 & Fed B0 Bl FHGHTI

PIAT & STdfh 9 N8 & FET BT O 7, BN —

l,—(, m,—m n,—n
A 1 2 1 2 1 2
) 0’ 0’ 0
COS— COS— CoS—
2 2 2
(C*) Li+L, my+m, n +n,
2sin9 23in9 2sin9
2 2 2

cosO = £,{, + mm, + n,n, ;

b+,

Dc's of B, (bisector)

[16JM120049]

(BY) L+ 10y my +m, ny +n,
2003E 2cosg 2COS§
2 2 2
(D) li=lp mMy-mp Ni-Ny
23ing 2sing 2sin9
2 2 2

(4 + 0, U1+ 05 ly+10p

\/(€1+€2)2+(m1+m2)2+(n1+n2)2 J2+2(L4L5 +mmy +nyny)  J2+2c0s6  2€0S60/2

Similarly My+Mp M+
2cos0/2 2cosH/2
Similarly Dc's for bisector B,
ly=Ll, mMy—mMy, nNy—nNy
23ing 2sing 2sin9
2 2 2

(4 —léz)f+(m1—m2)]+(n1 -

........

e
|||||

Hindi cos = /., + mm, + n,n,. B, (31EP) Pl kg &

-----

....
-

/\
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Sol.

Hindi

6.2

\/(£1 02 +(My +mp) +(ny +ny)2  2+2(L4l +Mymy +nyny)  2+2c086  2€056/2
<0 TR m,+m, Ny +n,

2c0s0/2° 2cosH/2
X UBR gD B, B fRpaprsan &

(4=l My—m, ny—n,

Zsing ZSing ZsinQ
2 2 2
BZ:E LW_(l m,, n, " n ,\,nz)h
R R +T\’\2) \+( A
(L4 =25)i+(my—my)j+(n, - (s

........
........
_____

a=

The value(s) of a e [0, 2x] for which vector & =i+3j+(sin2a) k makes an obtuse angle with the

z-axis and the vectors b = (tana) i—j+2 fsin% kand ¢=(tana)i+ (tana) j —3 fcosec% k are

orthogonal, is/are

o e [0 2n] B (@) a8 7 s forw afeea=i+3j+(sin2a) k , z-3&1 & A1 Afdd BIvr g=rar 2 AR

afeer b= (tana) i—j+2 ;sin% k 7@ ¢=(tana)i + (tana)j -3 ;cosec% K IRROR oA 8, BIT—

(A)tan—' 3 (B*)t—tan-'2 (C)m+tan—'3 (D*)2n—tan-'2
Since a makes obtuse angle with z-axis

___Sin2a g ie.  sin2u<0

J1+9+sin?2¢
either =< o <mor 3—ﬁ<oz<2n ...... (i)
2 2

since band ¢ are orthogonal
o tanfa —tan a-6=0 ie. tana=3,-2 ... (ii)
from (i) and (ii), we get
tanoa=-2 a=n—tan'2 ora=2r-tan"'2

(P a, z-31& D A1 ’H DIV A 2 |

__sin2a g safd  sin2a <0
J119+sin?2q
IIT?ﬁg<0L<Tc?IT 3?75<0L<2TE ...... (i)
gfe b iR ¢ wifeas 2|
tan2o —tan o —6 =0 Jafq  tana=3,-2 ... (ii)
THHR (i) MR (i) ¥ tano=-2 a=n—tan'2 A a=2n-tan'2

The vectorf+x]+3l§ is rotated through an angle of cos-1%and doubled in magnitude, then it

becomes 4i + (4x —2)]+2R. The value of 'x' CANNOT be : [16JM120050]
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Vector & Three Dimensional Geometry / “_

Sol.

Hindi

Th wfee f+x]+3f<€|$ra$r01cos—1%égﬂmw%ﬁsﬂﬁwmuﬁnmwwﬁmw%ﬂﬁ

g AR 40+ (4x—2)j+2Kk I ST B | "X’ BT A & B Al 2—

2 2 20
A" - = BY) = CcH-= D) 2
(A -3 (B 3 (C) -3 (D)
|AC? =| 2AB |2 = | 4i+(4x—2) j+2k[? =4 (i +x]+3K)]?

- 16+ (4x—22+4=4(1+x2+9) =  20+16x2+4—16x=4+4x? + 36
- 12x2—16x-16=0 =  3x2—4x—-4=0
2

- x=2,-% ..(i)

AB . AC _AB . AC
| AB| |AC| 2 |ABF
11 (+x+3K) . (4i+(4x-2) j+2k) 4+x(4x-2)+6

angle between AB and AC is cos 6 =

14 2(1+x2 +9) 2x2 1 20
= 11 x2+ 110 = 70 + 28 x2 — 14x
= 172 —14x-40=0 .. x=2,—% ....... (ii)
from (i) and (ii)
X=2
C
0
A B
| AC > =| 2AB ]2 = |41 +(4x-2) j+2k P = 4| (i +x]+3K) ]2
= 16+ (4x—2)2+4=4(1+x2+9) = 20 +16x2+4 —16x =4 + 4x% + 36
= 12— 16x—16=0 = 32 —4x—-4=0
2 .
= X=2,—— e i
3 (i)

AB3R AC & €19 BT cos 0 = 'ﬁAﬁ =AB;A(23
| AB | |[AC| 2 |AB |

11 (+x+3K) . (4i+(4x-2) j+2k) 4+x(4x-2)+6

=

14 21+x2+9) 2x2 120
= 11x2+ 110 = 70 + 28 x2 — 14x
= 17x2 —14x - 40 =0 x=2,—% ...... (ii)
JHHIOT () R (i) F  x=2
C
0
A B

The vertices of a triangle are A (1, 1, 2), B(4, 3, 1) and C(2, 3, 5). A vector representing the bisector of
the angle Alis :

s By @& W A (1,1, 2), B4, 3, 1) 3R C(2, 3, 5) 8| @Il A & FAfgwIoid ®I FHUd &= arell
afeer 8 —

/\
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Vector & Three Dimensional Geometry / “_

Sol.

Sol.

Hindi

Sol.

(A%) 2 — 4k (B*) —2i +4k (C*) —2i—2j-k (D*) 2i +2j+k
AB=9+4+1=14 ; AC = 1+4+9=\14
A(1,1,2)

B431) M €239

M= (3,3, 3) : AM = 2i +2]+k

The vector ¢, parallel to the internal bisector of the angle between the vectors a = 7i - 4] — 4k and
b=-2i—]+2kwith | ¢| =56,is:
Th Wfew ¢ B faem Afeel a=7i-4]j-4k MR b=-2i -]+ 2kd 3= BT FAfGHSTE b IR
2ok |¢| =56 ¢ 2

o D (2 2 ~ 5 /2 ~ ~ %
(A)§(|—7j+2k) (B)§(|+7]—2k) (C)

w|o;
w|o

(-? +7]- 2R) (D) (—T ~ 77+ 2R)

any such vector ¢ =% (3+b) =21 (7|_4J_4k+ _2|_1+2kj =% [7i_4]_4‘2+3(_2€_j+2ﬁ)]

9 3
=§[€—7]+2|2] = |C|=5+6 = ‘%\/1+49+4 =56
= R g o506 = a-x V6 s Lo 18 Giqiakyos D (o7ie2k)
9 \/5_4 9 3

W A9fewr @ 9 w9 § o o |Gadn 8-

. . == [7i-4j-4k+ 320 - j+20) |

67 (a4D) -2 {7|—4J—4k+—2|—1+2k} g

=%[?—7j+2|2] - |G|=5V6 = %\/1+49+4=5\/6‘

- %Js?‘=s£: x=i9x5f

NG
A line passes through a point A with position vector 3?+]—R and is parallel to the vector

=+15 = ¢=¢ g (?—7j+2|2)=¢§ (i—7]j+2k)

2i - ] +2k.IfPisa point on this line such that AP = 15 units, then the position vector of the point P
is/are [16JM120051]

Th @l g A Tordl ® e Rufy afRkwrsi+j-k 2 &k afewr 2i—j+2k & @R 81 3l
9 W R U fdg P39 USR © f& AP = 15 sa18, a1 fag P &1 Refa wfewr g/2-

(A) 131 + 4] - 9k (BY)13i — 4] + 9k (C) 7i—6j+11k (D*)-7i +6j—11k

lineis ¥ = (3i + j—K)+A(2i — j+ 2K) . Let position vector of point pis = p =(3i +j—K)+A(2i — j +2k)
given that |[p-a|=15 = |Ip-@Bi+]j-k)|=150r | M2i—]+2K)|=15

= 130 = 15 = A=+5 =p=(3i+]—k)+5(2i - ]+2K)
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Vector & Three Dimensional Geometry / “_
Hindi @1 1 =(3i+]—K)+A(2i —]+2k) & |91 fivg &1 Refy wfewr p 2
= p=@i+j-K+r2i—j+2k) fem & & |p-al=15 =
Ip-@Bi+j-k)|= 150r |M2i—j+2k)|=15 = |31 =15 =1 =25
—p=(3i+]-k)+5(2i —]+2K)

10.=. Acute angle between the Iinesx—_1 _yHl 2 and x+1 _y=3 _z-1 where / > m > n, and
‘ m n m n ‘

¢, m, n are the roots of the cubic equation x® + x2 — 4x = 4 is equal to :

SEEIS] XT_1 _ Y 2 gy X4 y-3 =Zf_1 T A GADIVT G DI T8 £ > m > n,
4 m n m n

g /, m, n e T e X+ x2—4x =43 A & |

(A) cos-1i (B*) sin V65 (C*) 2cos™! 13 (D) tan- 2
J13 9 18 3
m+mn+nl .
Sol. Cosb= —7F— ... i
2 +m? +n? 0
X3+x2-4x-4=0 = {+m+n=-1 = /Mm+mn+nl=-4
(f+m+n)2=rP+m2+n+2(—4) = 2+m2+n2=1+8=9
cos 0 = —% acute angle between the lines is cos-‘%
o m+mn+n/ .
Hindi. Cos= — —— ... i
2 +m? +n? 0
X3+x2-4x-4=0 = f+m+n=—1 = /m+mn+nl=-4
(f+m+n)2=r+m2+n?+2(—4) = 2+m2+n2=1+8=9
cos@:—% Y@ & [ RGO cos-% 2l
11. The line X_2= y;1 =Z_1 intersects the curve xy = ¢?,z=0if cis equal to : [16JM120053]
Y X;2= y; =Z‘11 LT Xy =2z =0 P RIS B R Al cH A B
(A) -1 (B) -5 (C"B (D) 1

Sol. Anypt.onlineis (3L +2,2L—1,1-1)
butitliesonthe curve xy=c?&z=0 = Br+2)(2h—-1)=c2&1-2=0
- BGr+2)@h-1)=c2&Ar=1 = 2=5 = c=t5

Hindi Y1 w® @15 g (3L +2,20—1,1-2) B |
TR I8 dh xy=c? 9§ z=0R RJa 8 = Br+2)(@L—1)=c2 @ 1-1=0
= @BGr+2)@r—1)=c2d A=1 = =5 = c=2%5

2
12.  Three distinct lines X~ =Y—2 _2-38 x-1_2y-4 32-9 x-A\" y-2_z-3
3 2 15 3 1 3 )

concurrent the value of A may be :
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Vector & Three Dimensional Geometry / “_

Sol.

13.=

Sol.

14.

2 — — .
S fir YT x—1:y—2:z—3,x—1:2y—4:32—9,x—k _y 2=z 3 G L A
3 2 1 5 3 1 3 2 A

A B HHl ©

(A)1 (BY) -1 (C)2 (D) -2

First two lines pass through the point (1, 2, 3) the third line must pass through the same point therefor
A2=1 =2 =+1. But A cannot be 1 as the third line consids with the first.

v a1 Y@ 35 (1, 2, 3) & ToRd! B | M) Y@ A 3 fag 9 YoRdl ® sy A2= 1 = A = 1 R
AHT A 1 T8 B i g, IR YET iR # |

x+6 y+10 z+14
-3 8

vertex is (7, 2, 4) Then the equation of remaining sides is/are -

Ncl| XJ5r6= y;10=z;14 qafgarg wHeIv Brysl &1 wv & e fauda iy (7, 2, 4) 81 T9 99

Tl & AHIBRT B —

The line is the hypotenuse of an isosceles right angle triangle whose opposite

X—-7 -2 z-4 X-7 -2 z-4

(A Tt Y (BY) _y-2z
3 6 2 2 -3 6

X+7 +2 z+4 X+7 +2 z+4
(G A D =5

3 6 2 2 3 6

A
P

B(7.2.4) c

P = (5k — 6,3k — 10, 8k — 14)
Now 31¢ BP.AC =0
5(5k —13) + 3 (3k —12) + 8 (8k —18) = 0

k2% |5
98 2
P=(§,—g,6j , Now 21@ length BP & <=8 =@
Now 31 AC= 18, .\/9—8,—91 3 \/9—8,61 8 49—8
2 Jog 2 27 o8, 2 Jog’ 2
A=(9,-1,10)
C=(4,-4,2)
Equation of BC &1 |#i&<o1 X_7_y-2 _z-4
3 6 2
Equation of AC &1 FHIBRT X;7= y—32 =Zé4
Two lines are &1 Y@ &
I__X—1:y—‘|:Z—1 I__x—1:y—1:z—1

L 2 2 ’ 22 1 2
Equation of line passing through (2, 1, 3) and equally inclined to L, & L, is/are
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a5 (2, 1, 3) ¥ IO aTell VT BT FHIBROT Sl L, JoT L, § TR B! g8 ©

x—2:y—1:z—3 (BY) x—3:y—2:z—5

2 2 -3 1 1 2

x—2:y—1:z—3 (D*)izy_ﬂzz_—e

1 1 3 2 2 -3

Sol. Any line which is perpendicular to direction1 +2,2+1,2+20r1-2,2-1,2-2i.e,3,3,40r-1,1,0
is always equally inclinedto L, & L,.
DY XWN S 1+2,2+1,2+2A1-2,2-1,2-23A1q 3,3,4a -1,1,0 ofFaq 1L, dnL, s
A1 TRIR D! 83 2 |

(A%)

(C")

15. Which of the followings is/are correct : [16JM120052]
o & 9 P 98 2

(A*) The angle between the two straight lines r = 3i - 2] +4K +2 (- 27 + J +2k ) and
f=i+3]-2k +p(3i -2] +6k) iscos—1(%j
Q1 WXl @R =30 —2] +4Kk +A (=27 + | +2k) 3R
f=i+3]-2k +p(3i -2 +6k)® 4 &9 cos™ (%j g
(B*) (F.i) (ixr)+(F.j) (jxr)+(fk) (kxr)=0 .
(C*) The force determined by the vector r = (1, -8, —7) is resolved along three mutually perpendicular
directions, one of which is in the direction of the vector a = 2i + 2] + k. Then the vector component of

the force r in the direction of the vector a is—g (2?+2]+I§)
afeer f = (1, -8, -7) gR1 SUd 9 @1 dF IR owaq feeneni # faafsa e sirar g 9+ 9 ua,
dfeer a=2i+2]+ k @ e 4 2| q9 wfew a & feen § w1 wWw-%(ZhZhR) gl

(D*) The cosine of the acute angle between any two diagonals of a cube is% .

waﬂzﬁwaﬁ—cﬁvﬁ$wﬁﬁwaﬂﬁw(cosine)%é.

Sol. S, : Angle between the given lines is = angle between the vectors (—2?+]+2R) and (3?—2]+6R)
& T2 Y@E @ = o = e (<20 + )+ 2k) R (3i -2+ 6k) B drer BT Bl
N oS0 = (_Zif jA+ 2k).(3| j2j f6k), _ cos! [ij
|- 2i+j+2k| |3i-2j+6k| 21
S,: Let(@ ifd) (r=xi+yj+2k) rF=xi+yj+2k

given expression is x[yR - z]] + y[zf - XR] + z[x] - yf] =0
fa T @b x[yk — zj] + y[zi — xk] + Z[Xj —yi] =0 ¥ |
ra

S,:  Componentof r indirection of a =?é

- ) E a2y = @24k
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16.

Sol.

Hindi.

17.

[

afeer a & feen 9 afewrr wr‘aw:i

a

o

={(i—8j—7k) (21 +2]+K) }(2i+2j+k) 2 ek =] @ 2R
3 3 9 3

Dr's of diagonal BD =a,—a,a or 1,-1,1
Dr's of diagonal AF =—a, a,a or -1,1,1
“1-1+1 1

BB s

Angle between above diagonals cos6 =

fa®mol BD & fe® g =a,—a, a il 1,-1,1
fa@ol AF & Q& o/ U =-a, a, a a1 -1,1, 1

SWRIFd fawourt & weg Proy 0059:% _]

3
If the distance between points (a, 5a, 10a) from the point of intersection of the line.
F=@2i-j+2k)+A(2i +4] +12k)andplaner. (i —] + k) =5 is 13 units, then value of o. may be
IREX@ 7 =21 - j+2k)+ A (21 +4] +12k) R FHGAT . (i—] + k) =5 & o fig A fig
(o, 50, 100) & & N 13 SHE & 9 o BT A & Ahll B

80
A) 1 B*) -1 C)4 D*)—
(A) (B (C) ( )53
Line - x—2:y+1 _ 2—2:> x—2:y+1:z—2 —r (Let)
2 4 12 1 2 6
= X=r+2 = y=2r—1 = z=6r+2
plane: x-y+z=5 = r+2—(2r—1)+6r+2=5 = 5r=0 = r=0
: point of intersection is (2, — 1, 2) = (0 =22+ (50 + 1)2+ (10a. — 2)2 = 169
12602 —-340—-160=0 = 6302 —170.—80=0 = a=—1,% .
W:x—2:y+1=z—2 :>x—2:y+1:z—2 _r (FTTIF)
2 4 12 1 2 6
= X=r+2 = y=2r—1 = z=6r+2
HHAA (X—y+2z=5 = r+2—(2r—1)+6r+2=5 = 5r=0 = r=0
ufees g (2,-1,2) 81 (a—2)2+ (50 + 1)2 + (100 — 2)2 = 169
= 12602 —340—-160=0 = 6302 —170.—-80=0 = a=—1,% .
A vector v= k(a]+bR) is coplanar with the vectors f+j—2f< and T—2]+R and is orthogonal to
the vector —2i + ] +k . ltis given that the length of projection of Y along the vector i- ] +kis equal to

G\E.Then the value of A%ab may be [16JM120054]
S Afew V:k(a]+bl§) afeet §+ -2k 3R i-2j+k & @ wAGNT & o AfRw 20+ j+kD
a8 afe e T R 6 VB udu A oerd afew - j+k @ Ry 643 & e ® a9 A%ab

PT AF SRR B
(A) 81 (B) 9 (C) -9 (D*) —81
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Sol. V= (=2i+j+K)x(i+]—=2K)x (i = 2] +K) = 9n(=] +k) = ('lj“+k2'v=_6ﬁ = A=t1

i—j+k]|
18. aand b are two given unit vectors at right angle. The unit vector equally inclined with a, b and
a x bwill be:
479 b3 WER ofaq sHE AR £ A 4, b 3R AxD B W GHH BT TN qrel sHE @Ry
BT—
I R I PP,
(A)—ﬁ(a+b+axb) (B)ﬁ(a+b+axb)
1 (& 0 a 1 (2 o - 2
(C) —3(a+b—axb) (D)—ﬁ(a+b—ax b)
Sol. Letvectoris b=AA+Ab+2y ( axb ) also cos6 = s a_ i) kz =li (aAXti)
o & fo| 6] 5| [ax]
- o 4= 0. b =v.(axb) [ [axb|=4) \6\ sin90e = 1]
= A =h,= =1 (let) U =L (a+b+axb)
~ a2 ~ ~ ~ -
o] = k\/é2+b2+<éxb) +2 . b+25 . (4xb)+2(axb) . & ‘:1
1 . 1 A~ A
= MWI+1+1 [ =1 > A=t— vV=+— (a+b+axb

Hindi 511 onfis GRY 6=Ad+ab+is (GxD) @R coso= a _ 13 ?z‘f (éibe)
[9] |a| |0] ‘b‘ |0] ‘axb‘

- b 4= 0. b =v.(axb) [ [axb|=4) \6\ sin90e = 1]
= A =h,=h,=1 (let) b =L (A+b+axDb)

o] = x\/é2+62+(éx6)2+2é . b+25 . (4xb)+2(axb) . & ‘=1

= ‘}V\/1+1+1 ‘=1 :}L:ils v = i% (A+b+axb)

19m Lletd = 2i—j+k ,b=i+2j—k and ¢=i+j—2k be three vectors. A vector in the plane of b and ¢

whose length of projection on a is of \/g is [16JM120055]

H d= 2i—j+k , b = i+2j—k @1 ¢ =i+j—2k &9 9RY 2| b TG ¢ B wWHAA ¥ TP Wl
Wéwumaﬁm,\/gtrﬁmwm%‘,éﬁm—
(A*) 2i + 3j — 3k (B) 2i + 3j + 3k (C*) - 2i —| + 5k (D) i —5j + 3k
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Sol.

Hindi

20.

Sol.

Hindi

Xy z

Letf =xi+yj+zk, then[r b ¢]=0 = 12 -1|=0, 3&x+y-z=0 (1)
11 =2

r;—a=iﬁ = M:iF = 2X—y+z=%2 ..(2)

EY 3 J6 3

from(1)and (2) x=F2;y—-z= 76 there fore r= F2i+yj+(yx6)k (A)& (C) are answer
Xy z

AT F =Xi+yj+zk TE[f b ¢] =0= 1 2 —1[=0, -3x+y-z=0 (1)
11 =2

r;—a=i£ = w:i g:> 2X—y+z=12 .(2)

|a 3 J6 3

(M3 dAx=752 ; y-z=%6

sAfe = F2i+yj+(y+6k= (A) 3 (C) 98 I T |

The position vectors of the angular points of a tetrahedron are A(Sf - 2] + R) , B(ST + ] + SR) , C(4T + SR)

and D(T) . Then the acute angle between the lateral face ADC and the base face ABC is :
5 2 5 2
A* -1 B -1 = -1~ D* -1 =
(A*) tan 5 (B) tan 5 (C) cot 5 (D*) cot 5
ol aqwheis & MY el & Ry afee ABi-2j+k),B(3i+j+5k) , C(4i +3k) T2 D(i) 2, dr &g
%o (lateral face) ADC 3R 38R ®atd ABC & 19 = DIV A1 HITSTQ 2

5 2 5 2
A¥) tan-' = B) tan' = C) cot'= D*) cot' =
(A%) > (B) : (©) > (D% :
ﬁ=—27+2]—l2 , E:f+2]+2l2
i J ok
vector perpendicular to the face ADCis =| -2 2 -1 | =6i+3j—6k = AB=3]j+4k
1 2 2
i ]k
A vector perpendicular to the face ABCis = | 0 3 4 | = —2i +4j-3k
1 2 2
-12+12+18 | 2

acute angle between the two faces is given by cos 6 =

1(36+9+3644+16+9| 29

tan9=E 6=tan-1§
2 2

AD=-2i+2j—-k , AC=i+2j+2k
i j ok

Beld ADC & ovdaq afes =| -2 2 -1 | =6i+3]-6k = AB=3]+4k
1 2 2
ik

Bold ABC @ oiFgaq afeel = | 0 3 4 |= —2i+4j-3k
1 2 2
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® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Besfobnance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
ucating for better tomorrow I 2o "800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx
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SFI BB B 4 FADIT cos O =| —12+12+18 | 2

‘[an9=E
2

(A*) a , b, ¢ are coplanar if A = 1
(C*) angle between band d is 150° if A = — 1

1V36+9+3644+16+9| 29

6 = tan S
2

N}

21.a Ifa b, ¢ and d are unit vectors such that (axb).(Gxd) =Aand a . 6=? , then

[16JM120056]

ufe s Afdwr 3, b, ¢ Td d 39 UBR & fb (axb).(Exd) =rdAM a . &

(A*) a, b, ¢ T B TfY A =1

(B) Angle between band d is 30° if A = — 1
(D) If . = 1 then angle between b and ¢ is 60°

N

=" g9
2

(B) b @ d & Hex BIvr 30° B A A = — 1

(C*) bTd d & #eg BT 150° 8 Afe A=—1 (D)IRX A =179 bd ¢ S HA BHIvT 60° BT |
Sol. Ifr=—1thenalb ,c¢L d andangle between axb,éxd isn
Z between band d = 360° — (90° + 90° + 30°) = 150°

- 30°

C

Hindi af@ A=—1d9 alb,cL d @1 axb,éxd & AT BT g2
Zbd d & H8 BT = 360° — (90° + 90° + 30°) = 150°

afe (axb) . (Cxd) =1,de I R @ 2 T £ b 7 d & 7eg P = 30°
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b
a
- 30°
d
c
22, The volume of a right triangular prism ABCA,B,C, is equal to 3. If the position vectors of the vertices of
the base ABC are A(1, 0, 1), B(2,0, 0) and C(0, 1, 0), then position vectors of the vertex A, can be:
T wHelv PFyoer s ABCAB,C, @1 3mydd 3 81 Ife smar  ABC & ¥Nuf & Refd afew
A(1,0, 1); B(2,0, 0) 3R C(0,1,0) &, a1 I A, &1 Rerfy |fdwr 81 daar 8— [DRN2323]
(A1) (2,2,2) (B) (0,2, 0) (C)(0,-2,2) (D" (0,-2,0)
Sol.  Volume of prism = Area of base ABC x height or 3 = ?x h
= h=6
Required point A, should be just above point A
i.e. line AA, is normal to plane ABC and AA, = \/6
A
B, C,
Al (7, 0, 1)
B(2,0,0) C(0.1.0)
Hindi IS &1 maa = MR ABC &1 83%d x $dTg
or 3 =§>< h = h= 6
e fdg A, , lig Ad b FR &1 =A1fey
i Y@1 AA, FWdel ABC & oad & 3R AA, = /6
A
Bi i ©
AL (T, 0, g
B20.0) c(0,1,0)
23. The coplanar points A,B,C,D are(2-x,2,2), 2,2-y,2), 2,2,2-2z)and (1,1,1)
respectively, then [16JM120057]
W) 1elilog gy X, y=1, 271,
X y z X y z
1 1 1 X y z
(©) + + =1 (D) + + +2=0
1-x 1-y 1-z 1-x 1-y 1 - z

afe aR 95 A,B,C,D & (2-x,2,2), (2,2-y,2), (2,2,2-2)3R(1,1,1) 997 &, @
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Sol.

24. =

Sol.

LI L o X4+ L %2 4o-0
1-x 1-y 1-z 1-x 1-y 1-z
A-x,2,2),B((2,2-vy,2),C(2,2,2-2), D(1,1,1)

ﬁ:ﬁ—x) f+]+R;ETB: f+(1—y) ]+R :DC= i+ ]+(1—z) k
If four points are coplanar then [DA, DB, DC]=0

Iy IR fawg FAdNT €, 1 [DA, DB, DC]=0

(©)

1-x 1 1
=1 1-y 1 |=0
1 1 1-z
Cc, > C,—C, and (qm c, >C,—C,
1-x 1 1
=1 1-y 1 | =0
1 1 1-z
X (-y +yz-2z) +1(+yz) =0 =Xy —XyzZ+XxZ+yz=0
Xy +YZ + ZX = Xyz l+l+l - 1.
X y z
A

D/ > B

C

Which of the following statement(s) is/are correct :
(A*)  If a,b,care non—coplanar and d is any vector, then

[d b ¢] a+[d ¢ a] b+[d a b] ¢- [@ b ¢ d =0
(B*)  IfIis incentre of A ABC then |BC|IA+|CA|l B+|AB|I C=0

(C*)  Any vector in three dimension can be written as linear combination of three non-coplanar
vectors.

(D) In a triangle, if position vector of vertices are a,b,¢, then position vector of incentre is atb+c

o & & P poH 9 B
(AY)  afe ab,c rgaded & @1 d BIS W@y ® a9
[d b ¢] a+[d ¢ a b+[d a bl ¢— [a b ¢ d=0
(B*)  ufe I, AABC &I s ¢ dd |BC|IA+|CA|I B+|AB|I C =0
(CY i § #8 afdw, M sRadey Ifeel & U o91d 999 & w9 # foran S dadn 2|

(D) P § aft ¥t & Refy wRw 46,6 2, 79 srads @1 Refd ﬂﬁméJrnga Y

(A) [dbcla+[dcalb+[d a b ¢- [a b ¢]d
(b ¢ d] a- [b ¢ 3 d)+(d a b] ¢-[d a ¢ b)
= (bxC)x(@ xd ) + (dxa)x(Cxb)
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25

Hint :
Sol.

26.

Sol.

27.

Sol.

= (dxa)x(bxC) —(dxa)x(bx¢) =0
A(a)

aa+bb+cc
B I [ 2arPTet
®) / \ a+b+c
Let V= 2§ + j—k& W=i+3k.If U is a unit vector, then the value of the scalar triple product
[U V \iv]may be : [16JM120058]
q V =2i +j—k @ W =i + 3k 2 3 U t& so1$ aftw & a9 e om [UV W | = e
H
(A*) —/59 (B*) V10 + /6 (C*) /69 (D) 60
Use formula of scalar triple product Jfewr B 7o &1 [Swr
V=2i+j-k - W=i+3k = [U V W= U.[(@i+]-K) x (i+3K)]
=u.(3i-7]-k) |U]|3i—7]—k|cos® =—/59 <[ivw] <59
If A+B =4a, A.a=1and AxB = b, then
g A+B =4, A.a=1aa AxB =b,d
L . axb+a (|a]? -
(A) A = 2xbra (B)B = 4(2 )
lal? lal
~ B.E.a _ bxa+a (|a]? -
(C) A =bxara (D) B = »(2 )
EY |al
Given f&am 1 & A+B=a .. (i)
= a.(A+B) = a.a
= a.A+a.=a.a = 1+aB=laf = a.B=laf-1 .. (ii)
Given fear a7 8 AxB=Db = ax —xé) =a xb
- (@.B) A—(@a.A)B=daxb= (ap-1)A-B = axb ... (i)
[Using equation (ii)] =Hr&xor (i) &
E.a bxa+a (jaf 1)
solving equation (i) and (iii) simultaneously, we get A = alxa I:a and B= H:
a
2
The line X;4= y;2 =Z_2k lies in the plane 2x — 4y + z = 1 . Then the value of k
cannot be :
(A) 1 (B*) -1 (C") 2 (D*) -2
xX-4 y-2 z-k° . :
T P Taad H RIA 2x — 4y + z =18, T k &1 A9 981 & qhdT &
(A) 1 (B*) -1 (C") 2 (D*) -2
(4,2, k?) lieson2x -4y +z=1 = k = +1
Also (Ki+]+2K) . (2i—4j+k)=0 = k=1
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28.

Sol.

29.

(4, 2, k) T R Rerd ¥ ox —dy +7z =1 = k= +1

are: (Ki+j+2K) . (2i—4j+k)=0 = k=1

Equation of the plane passing through A(x,, y,, z,) and containing the line X;X2 = y;yz = Z;ZQ is
1 2 3

W X2Xe_ YoYe _Z7% & gmfim aa A ok R AKX, v, z) @ TORY ATl wEad @

d d, ds
FHIHR B —
X=Xy ¥Y=Y1 Z-Z X=Xa Y—Ya> 2Z2-25
(A") [Xa—=X1 Yo—Y1 Zp-24=0 (BY) [x1—X2 y1—Y2 2Z1—25|=0
d; dy ds d; dy ds
x—dy y—-d, z-dj X y z
©) | x Y1 z; (=0 (D) [x1=X2 Yi1-Y2 Z1-2/=0
X2 Yo Zp d dy ds

Vectors AR, AB & Care coplanar
X=Xy Y=Yy zZ-2 X=X Y=Y Z-2,
Equation of the required plane |x, =Xy Yo —Yy; Z,—2z=0 or Xy—Xo Y1—VYs Zy—2Z5|=0
d dy ds d dy ds

é: d{|‘+d2‘j+d3|’{

A line X;1 = y;2 = 213 intersects the plane x — y + 2z + 2 = 0 at point A. The equation of the

straight line passing through A lying in the given plane and at minimum inclination with the given line
is/are

TEH Nl X; = y;2 = 2:13 FAAAAX —y + 22 + 2= 0 1 45 A R ufdeeg &=all 81 A I IO
el TR ¥ BT FHIG B W1 Y T FqHad § Rerd B iR &1 8 Y@ & A1 gAdH FdHd W 2

(A%) X1+1=y5+1=221 (B*)5x—y+4=0=2y—5z-3

X+2 y+6  z+3

1 5 2

(C)5x+y—-52+1=0=2y—-52-3 (D)

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Besfobnance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVQE- 56
ucating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

Sol.

30.

Sol.

31.

PA(1,2,3)

2r+1,3r4/2,4r+3 / ..... l

2x—y+2z+2 =0
2r+1—-(3r+2)+24r+3)+2=0 = r+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
(3rfiee Y@, < T XW1 BT FHGd H U9 BN | P& oW &1 Ui D WR BT )
Xx-1_y-2 z-3 = [1-2+23+2 ) x=1 y-2 z-3 _ =7
1T 1 2 R+ 2? ’ 1 17~ 2 7%

-1, 19 | 4 x+1 y+1 z+1 X+1 y+1 zZ+1
X=— Y= —, Z2=— = = = = - 1= 1 == 41
6 6 6 2 5 2 2 5 2
x+1  y+1 z+1 x+1 y+1 y+1 z+1

Also gufeTy, = = ——="—and AT —= ——
2 "5 2 - 2 5 5 2
= 5x-y+4=0=2y-52-3
alsodTd: (bx —y +4) + (2y—-5z2-8)=0=2y-5z-3 = bx+y-52+1=0=2y-52-3

If the n-plane 7x + (o + 4)y + 4z — r = 0 passing through the points of intersection of the planes
2x + 3y-z +1=0and x + y — 2z + 3 = 0 and is perpendicular to the plane 3x — y — 2z = 4 and

(% _T78 %J is image of point (1, 1, 1) in n—plane, then [16JM120059]

IS -7 7X + (o0 + 4)y + 4z — o = 0 FFaQ! 2x + 3y-z +1=03R x +y -2z + 3 = 0 & ufo=os fIai
H YORAT B R WA 3X —y - 2z = 4 & o=ad © d g (1, 1, 1) & n-—Faaqa A ufdfe=

(2, 78, ﬂjg .

BB B
(A)a=9 BYB=—117 C)a=-9 (D*)p =117
Let the plane is AT AT 28—
2x+3y-2)+1+A(x+y-22+3)=0 (1)

@+ X+ B+ y—(1+20)2+1+3L =0 =32+1)—-(3+1)+2(1+2)=0
+6L+5=0 = AL=-5/6
Putting value of A in (1) (1) § A &1 A I@H W

7X+13y+4z-9=0 = a=9
Now image of (1, 1, 1) in plane wis 39 |Aad «n | (1,1,1) &1 gfafe 2
x-1_y-1_2z-1_ _(7+13+4-9 ) x-1_y-1_2z-1_ 15

7 13 4 49+169+16 ’ 7 13 4 117
(12 -8 57 B =117,

117 117 117

The planes 2x -3y —7z2=0,3x—-14y-13z=0and 8x —31y-33z=0 [16JM120060]
(A*) pass through origin (B*) intersect in a common line
(C) form a triangular prism (D*) pass through infinite the many points
|Hdd 2x -3y —7z=0,3x — 14y — 132 =0 3R 8x-31y-33z=0
(A) 7 g & Tora | (B) T IWAMTS 3@ TR Hred F |
(C) & i fisd 99 2 | (D) 3= fa=gali &1 o 2|
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2x-3y-7z2=0
Sol. 3x—-14y —-13z =0 obviously all the three planes pass through origin
8x—-381y-33z=0
2 -8 -7
D=3 -14 13| =2(462—-403) +3(—99 + 104) - 7(-93 + 112) =118 + 15-133 =0
8 -31 -33
From the theory of system of equations D =D, =D,=D,=0
= System of equations has infinite solutions
o hence three planes intersect in a common line
2x-3y-72=0
Hindi. 3x-14y-13z =0} w<qa qH GAdd o fag | TorRd £ |
8x-31y-383z=0
2 -8 -7
D=3 -14 13| =2(462-403) + 3(—99 + 104) - 7(-93 + 112) =118 + 15-133 =0
8 -31 -33
WWW@$&@W%D D,=D,=D,=0 = TN & (B & < & © |
3ra: A1 A U SHISS IET IR died 2 |
32. If a,b,¢ and d are the position vectors of the points A, B, C and D respectively in three dimensional
space no three of A, B, C, D are collinear and satisfy the relation 3a-2b+c¢-2d= 0, then:
(A A, B, C and D are coplanar [16JM120061]
(B) The line joining the points B and D divides the line joining the point A and C in the ratio 2 : 1.
(CY The line joining the points A and C divides the line joining the points B and D in the ratio 1 : 1.
(D*)  the four vectors 3,b,¢ and d are linearly dependents.
afs Bfaw # ab,¢ den d wmaer fageit A, B, Cvd D& Reify wfewr € fawgeit A,B,Cwd D# & ®1E i
e AT T B R g 3a-20+6-2d=0 B IGE BRI & Al
(A) A, B, C 3R D 99l 2 |
(B) B3R D &1 Sirew arell Y@ fag A dern C &1 Sire arelt vr & 2 : 1§ fawnifora st 21
(C) g AR C &l Sires arell Y@ B3R D &1 Siiew arell ¥&1 &l 1: 17 fvfora s 21
(D) ORI @few ab,c iR d ¥ wRa= |
Sol. 3a-2b+c¢-2d=0 sum of coefficient = 0
= a,b,c,d are coplanar
Also  2b+2d =3a+¢ = M=3a+c
2 4
A D
1 1
871 3¢
Hindi 3a-2b+c¢-2d=0
Uit BT ATH =0 a,b,¢,d Gy 2|
g 20+2d =3a+¢ = b+d_3a+c
2 4
A D
1 1
871 3¢
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PART - IV : COMPREHENSION

HIT - IV : TS (COMPREHENSION)

Comprehension # 1
g #1
In a parallelogram OABC, vectors 3, b, ¢ are respectively the position vectors of vertices A, B, C with

reference to O as origin. A point E is taken on the side BC which divides it in the ratio of 2 : 1 internally.
Also, the line segment AE intersect the line bisecting the angle O internally in point P. If CP, when
extended meets AB in point F. Then

T IR agds OABC # ®finf A, B, C & Rufy wfdw w#er 4,b,¢ ® d2m O g fag 81 BC Yo W
T fIg E 39 UPR foran o 8 6 a8 39 211 & o/gura # r<:fawiforg a=an 8, | & Y@ @vs AE
BT O B SAFAGHINTG B arel @ & P g iR fetar 81 9 CP &1 ggran W ot 98 AB &1 F
fg w ferch &, 79

1. The position vector of point P, is

farg P @1 Refe wifeer 3—

o O[3 5 6 [a &
<2 4 S[-2 | ¢
o 26l [a o SR [a &
S 2l SFl+2f | e

2. The position vector of point F, is

farg F 1 Reifdy afder &

(A") 3 +1UC (B) a+Hc (C) a+%c (D) 5—56
3[4 6 6 g
3. The vector AF,is given by
afeer AF o g1 e o 2—
(A) - @6 (B) E'é (C) ﬁé (DY) 155
l ] & 3cl
Sol. for 1to 3
E_ 2c+b
3
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equation of OP r = k(i-i—;] ..(1)
[al [¢]
. 26+b
pa+
Let P divide EAinpu:1 = P 3
M+
P lies on (1)
cE) B(ti)
0(6) A@)
“é+26+6 R R é+36+é . B
3=k?+(:':> a+cé=>b = 3=k?+€'
H+1 [al |¢] p1 [al |¢]
Comparing coefficient of a andc
1
W+
3 _ (2) : and ——= > -(3)
=1 a | u+1 | ¢ |
divided (2) by (3)
podlel el
3 |al |a| 3
Putin(® = L T Al
(o] 2 [¢] HER
la| 3
o oot a 3|a||a|[a J . .
0 position vector of P r =—— — —+—— |. Now for solution of 4 equation of AB
3| «2laflfal [c]

F:

a+rb-a)=a+A(c)

F:

equation of CP =

3|c|la+3]|alc

.(4)

3lcla ., 3lajc
3| ¢ [+2]a] 3|c|+2| a |

Ol

|

3|cla+|alc-3]|c|c

X

-3|c|c-2|alc

r=c+y {

Comparing (4) and (5)
o Hlal=sulcl

3lc|+2]a|

e [tigingze]

=3| ¢ |+2] a|+plal-Bu|c]

3lc|+2]a]

= A S ..(6)
3cl+2]al 3[c[+ 2[a]
3lc[+2| a |
W= — 7
3¢ |
Put value of p in equation 6
u(lal-3ic| al-3|¢| 1]a
_ Hlal-siel) _q1,lal8ie]_tlal
3|lc|+2]a| 3|c| 3c|
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SopositionvectorofFis=é+%%6 = Solution - 5
A F=pv.of F—pv.ofA=2a +lu6—é=l|a|*
3 lc] 3lc]
Sol. for 1to 3
g%t = OP &1 |HIaRY F = [i+£} (1)
3 laf | ¢
AT P, EA DT i1 H fauiforg &xar 2
ué+26+6 Hé+26+6 B -
Pl 3 |5 P (1) R & = S o o
p+1 p+1 la| |¢|
-~ 3c+a B B
a+c=b = 3 a2+ % |= & 9 e A o aR W
p+1 la| | ¢|
et
3.+ 2) wr Lo b 3)
u=1 |a| u+t | ¢ |
(2) @ (3) ¥ fawTd w1 W)
DL R E T
3 |al a| 3
3)F T R = 1 _ 2 - _3|aa| |f|
[el,2 |¢] clc|+2] a |
al| 3

R P R AR T 3La||c|(a+|?|j
C

AT 4D BA B fog AB BT FHIBRU = a+Aa(b—a)=a+A(c) ..(4)

CP &1 FHI®RII

Lo 3|c|a 3lalc
r=c +H = — + =1
3| ¢ [+2]a] 3|c|+2| a |

- +“3|c|é+3|a|c—3|c|c—2|a|6
3lc|+2]|a]

.(5)

=G4y 3|cla+|alc-3]|c|c
3lc|+2]a]

(4) 3R (5) B AT P W
- 3l c|+2] a al|-3uj|c
s o Hal=sulel - | ¢ |+2| a |+plal-3ulc|

3lc|+2|al 3|c|+ 2[4
_3cf+2[a]
SR
FHIERI 6 H Y BT AM W@ W)
aoq, HIaIBIC) o jal3l¢] _1]al

3|c|+2]|a| 3lc|  3]c]
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sferg F a1 Rerf afeer =a+%@a — & -5

lc|

AF=pv.of F—pVv.ofA =d+ — - ¢-a =———'C

Comprehension # 2

4.

Sol.

5.»

Sol.

6.=

Sol.

Letax+by+c,z+d, =0andax+by+c,z+d,=0 be two planes, where d,, d, > 0. Then origin lies
in acute angle if a,a, + b,b, + c,c, < 0 and origin lies in obtuse angle if a,a, + b,b, + ¢,c, > 0.

Further point (x,, y,, z,) and origin both lie either in acute angle or in obtuse angle ,

if (a,x, + by, + ¢,z, + d,) (a,x, + b,y, + ¢,z, + d,) > 0, one of (x,, y,, z,) and origin lie in acute angle and
the other in obtuse angle, if (a,x, + by, + ¢,z, + d,) (a,x, + by, +c,z, +d,) <0

Given the planes 2x + 3y —4z+7=0and x -2y + 3z-5 =0, if a point P is (1, — 2, 3) and O is origin,

then

(A) O and P both lie in acute angle between the planes

(B*) O and P both lie in obtuse angle between the planes

(C) O lies in acute angle, P lies in obtuse angle.

(D) O lies in obtue angle, P lies in acute angle.

(B)

Equation of the second planeis x+2y -3z +5=0= 2(-1)+3.2 +(—4)(-3)>0

: Oliesinobtuseangle 2x1+3(-2)—4x3+7)(-1+2(-2)—-3x3+5)
=(2-6-12+7)(-1-4-9+5)>0 .. P lies in obtuse angle.

Given the planes x + 2y —3z+5=0and 2x + y + 3z + 1 = 0. If a point P is (2, —1, 2) and O is origin,

then

(A) O and P both lie in acute angle between the planes

(B) O and P both lie in obtuse angle between the planes

(C*) O lies in acute angle, P lies in obtuse angle.

(D) O lies in obtue angle, P lies in acute angle.

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

Given the planes x + 2y -3z +2=0and x — 2y + 3z + 7 = 0, if the point P is (1, 2, 2) and O is origin,
then

(A*) O and P both lie in acute angle between the planes

(B) O and P both lie in obtuse angle between the planes

(C) O lies in acute angle, P lies in obtuse angle.

(D) O lies in obtue angle, P lies in acute angle.

(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.

g #2

AT % ax+by+cz+d =07 ax+by+cz+d,=03 F97d & 8l d,, d,>02 |9 g g
=TT H Reyd R I a,a, + b,b, + ¢,c, < 0 TAT HA fIg &P HoT § Rerg rm Afe aa, + bb, +
cc,>0%]|

s aTal 95 (x,, Y, z,) 91 o &g SHI, a1 1 ADIOT A A7 31f¥H PIor 4 8F1 Al

(ax, + by, +c,z, +d) (ax, + by, +c,z, +d,) >0,

g 5 (x,, v, 2,) T 9 g 4 & B va, YA § T O ANF 10T F B, AR (ax, + by,

+C,z, +d,) (ax, + by, +¢c,z, +d,) <0.

FAAA 2x + 3y —4z+7=0TAM x -2y +3z2-5=0A W g Ik 45 P(1,-2,3) 2 3R O & f9g =%,

dd—

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVQE- 62
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

Sol.

Sol.

Sol.

(A) O T2 P gl odell & weg ~gAdvl § Rerd €
(B*) O T P gl |Hadl & #eg 1fdd divr H Rerd €
(C) O =TT # qerm P 31fes dror # Rerq @

(D) O =1f¥& o7 3 qorr P =gAa o1 H Rerd @

(

B)

T AT BT FHIT X +2y -32+5=0%8 2(-1)+3.2 +(—4)(-3)>0
O a1frd Pror # Rerd 2| 2x1+3(-2)-4x3+7)(-1+2(-2)-3x3+5)
=(2-6-12+7)(-1-4-9+5) >0 .. P 1feres @ror # Rerd g |

FATA x +2y -3z +5=0TM 2x+y+3z+1=0fF W 2| Il v& g P(2,-1,2) 2 3R O @ &g
2, d9—

(A) O @1 P Sl AATd & #eg Ao | Rerd 2 |

(B) O @1 P SHI AHAd & &g 3ffdds dior H Rerd 2 |

(C*) O =AA®IvT | T P a1fdd dror # Rerd €1

(D) O =1f¥& o7 3 qorr P =i H Rerd & |

(C)

1x2+2x1-3x3<0.. O ST # Rerd 2 |

Tq 2+2(-1)=-32)+5)(2x2-1+3x2+1)=(-1)(10)<0 .. P3ifd® ®Ivr § Rerg 7|

FAAAAX +2y =32 +2=0TAMx -2y +3z+7 =0 MW 2 Ik A5 P(1,2,2) 8 3R O 7« fIg B, q9—
(A*) O @1 P 31 |Adal & Aed <JAdivl § Rerd €

(B) O @ P gl AATdl & Wed 31fdd wior # Rerd €

(C) O =AHTT # qeA1 P 31fes ®ror H Rerd &

(D) O 1f¥® diro7 3 derr P =gaTor # Rerq 2

(A)
1-4-9<0 = O =gAaIvr # Rerd 2|
g (1+4-6+2)(1-4+6+7)>0 a5 P <o # Rerd 2|

Comprehension # 3

Sol.

If a,b ¢ & a,b',c are two sets of non-coplanar vectors such that a.a'=b.b'=c.¢' =1, then the two

systems are called Reciprocal System of vectors and a'= t_) )_( (j b= cj )_( ? &=2 )_( b .

[a b ¢l [a b ¢l [a b ¢l
% 4,b,¢ T a',b',¢' 3N FAATNT AT B I T 39 UDR 2 fh a.a'=b.b'=C.¢'=1, T9 Il RN
3! AfeEl &1 Fopd e ded © | T é’:?)ff b= (f)fa AR ¢ ?)fkj
[a b c] [a b c] [a b c]

Find the value of @ x @' +b x b’ +¢ x ¢'.

ax a+b x b +¢ x ¢ & A B
(A*) 0 (B) a+b+¢ (C) a-b+¢ (D) a+b-¢

We have 89 SFid & : @' =4 (bxG), b'=L (Gxa)and @l ¢'=x (éxB),whereGﬁk:r 55l
a C
axa =axi(bxc)=aax(oxc)}=r{@E . ) b—(@ . b) ¢}
bxb’ =bxA(Cxa) =Mbx(Cxa)} =A{b . ) ¢—(b . ¢) &a}
derm and CxC =CxMaxb)=McCx(@xb)} =2{(G . b) a—(¢ . a) b}
- axa +bxb +¢éx¢=A{(@ . ¢) b—(@ . b) ¢}+AM{( . a) ¢—(b . ) a+A{(C . b) a—( . a) b}
c

=A[(@ .C) b—(@.Db) ¢+(b.a) ¢—(b . c) a+( . b) a—(c . a) b
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=A[(@.¢) b-(@.b)é+@.b)c-(b.¢) a+(b.¢)a—(@.¢c) bj=20=0

8. Find value of A such that a'xb'+ b’ x ¢’ + ¢ x & =2 at?jc.
[abc]
A BT A ST BINY Sdfe a'xb’' + b’ x ¢ +¢ x & =2 at?fc.
[abc]

(A) -1 (B") 1 €)2 (D)-2

Sol. a'xb = (bxci)i(zxa) = ﬁa @ xb+b x & 46 x & = at?j—c so S9felg A =1
[abc] [abc] [abc]

9. If[(@ xb’) x (b"xc) (b’ xc')x(c' xa) (¢ xa’)x(a xb)]=[abc]" ,then find n.

Ifg [(@ xb) x (b’ xc') (b’ xc') x (¢’ xa) (¢’ xa')x(a xb)]=[abc]", & & n &I A ST B |

(A )n=—4 (B)n =4 (C)n=-3 (D)n=3

- - - - - - —~T =10 R

Sol. (a'xb)x (b xc) =—22 cxa axb bxc |_[abcl _zpas . n=—4

Tl | [abo [abol [abcR | [abelf

Comprehension # 4
The vertices of square pyramid are A(0, 0, 0), B(4, 0, 0), C(4, 0, 4), D(0, 0, 4) and E(2, 6, 6)

10. Volume of the pyramid is : [16JM120062]
(A*) 32 (B) 16 (C)8 (D) 4
11. Centroids of triangular faces of square pyramid are
(A) Non-coplanar (B) Coplanar but the plane is not parallel to base plane

(C*) Coplanar & plane is parallel to base plane (D) Co-linear

12. The distance of the plane EBC from ortho-centre of AABD is : [16JM120064]
12
A) 2 B)5 (CY) —= (D) V10
(A) (B) N

Sol. (10)  Volume of pyramid =% x base area x height = % x 16 x 6 = 32

(11)  Co-ordinates of centroid of faces EAB, EBC, ECD & EDA are (2, 2, 2) (gZ%J , [2,2,%} ,

(%2%} . y-co-ordinate of each point is 2. hence these points are co-planar & plane is parallel

to base plane.

x-4 'y z
(12)  ortho-centre of AABD is (0, 0, 0) equation of plane EBC is -2 6 6 |=0
0 0 4
4(x-4)6+2y)=0 = 6x —24 + 2y = 0= x+y—-12=0
d- 0+0+21 _ 12
32,1 | A0

ATV # 4
i s & 3 A(0, 0, 0), B(4, 0, 0), C(4, 0, 4), D(0, 0, 4) 3R E(2, 6, 6) & |
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10.

11.

12.

Sol.

fo_ifire &1 emaaw
(A%) 32 (B) 16 (C)8 (D) 4

T fRifie & BIYSeR Basl & dwd & —

(A) AT
(B) T UR=] HAAS, AMER FAAAA & FAR T8l 2 |
(C) AT IR T, MYR FHATA b FATGR 2 | (D) WX

AABD & T ¥ 99dd EBC @1 31 & —

12
A) 2 B) 5 C") — D) V10
(A) (B) ( )\/1—0 (D)
(10) fﬁ?‘lﬁ@iﬁ[m&ﬂ:{:% x MR BT STHA x SHATS =%x16x6=32

(11)  wa®i EAB, EBC, ECD @21 EDA & &= H9: (2, 2, 2) (E,z,EJ , (2,2&} , (3,2,Ej

3 '3 3 3 '3
BT | uRA® g @1 y-frdenis 2% om: 3 g 9waeid R 91 e YR F9de & AR 2 |
x—-4 y z
(12) AABD &1 @=a= (0,0,0) 2| FHdT EBCHI THIdRTT | -2 6 6 |=0%2|
0 0 4
4(x-4)6+2y)=0 = BX — 24 + 2y = 0= 3x+y—12=0
d- 0+0+21 =12
32 +1 Jio

Comprehension # 5

General equation of a sphere is given by x2 + y2 + z2 + 2ux + 2vy + 2wz + d = 0, where (—u, —v, —w) is

the centre and u? +v2 +w? —d is the radius of the sphere.
Let P be a any plane and F is the foot of perpendicular from centre(C) of the sphere to this plane.

If CF > \W then plane P neither touches nor cuts the sphere.

If CF = Ju?+v2+w?—d then plane P touches the sphere.

If CF < \/m then intersection of plane P and sphere is a circle with
radius = \juz +vZ w2 —d— (CF)2

ITHE#5

Tl BT AHIERT S X2 + y2 + 22 + 2uX + 2vy + 2wz + d = 0 9 &1 SIram &, S8t &= (—u, —v, —w) 3R

et 5 e Ju? +v2 +w? —d Bl 8 |

AT P ®IS GHd 8 d1 F, Mol & b= o IHdd IR U & a9l © |

IR CF > JU2 +v2 + w2 —d 9 FHae P, el 1 9 a1 Wyl el § 3R A & uftrede aear § |

afx CF =2 +v2 +w? —d @@ Wl P, el 31 <o el # |

aﬁ’CF«/m @ |Aae P, d1 M & ywed W Ts gd ® e
Q%IG’JT:\/UZ+v2+w2—d—(CF)2
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13.» Find the equation of the sphere having centre at (1, 2, 3) and touching the plane
X+2y+3z=0.
AT X + 2y + 3z = 0 B W HRA Tl I el BT FHIHRT F1a DIy at d= (1,2, 3) B
(A )y x2+y2+22-2x—-4y—-62=0
B)yx2+y?+22-2x+4y—-62=0
C)x*+y?+22-2x—-4y+62=0
(D)yx2+y?+22+2x—-4y—-62=0
Solution : Givenplaneisx+2y+3z=0 ... (1)
Let H be the centre of the required sphere.
[ P/
Given H=(1,2,3)
Radius of the sphere,
HP = length of perpendicular from H to plane (1)
[1+2x2+3x3]| N
=— =414
Fia
Equation of the required sphereis (x —1)2+(y—2)?+ (z—3)?= 14
or X2+y?+22-2x—-4y-62=0
g fear T WA x + 2y +32=0 ® ... (1)
AT i Mt &1 < H B |
@
[ P/
fem s, H=(1,2,3)
el @1 331 HP,
1+2x2+3x3|
= H# g9da (1) ¥ =94 =|—=ﬁ
(1) el N
3 Mfise Tl &1 FHIHRUT BT |
(x=12+(y-2P2+(z-3p=14 1 XC+y2+22-2x—4y—-62=0
14.» A variable plane passes through a fixed point (1, 2, 3). The locus of the foot of the perpendicular drawn
from origin to this plane is:
(A" ) x2+y?+22—-x-2y-3z=0 (B)x2+2y?+322-x-2y-3z=0
C)x2+4y>+922+x+2y+3=0 (D)yx2+y?+22+x+2y+32=0
Th TR GHAA Uh ReR a5 (1,2, 8) A Yol &1 4o a5 9 39 990 W S MY o & U& 6
fagua 2 —
(Ayx2+y?2+22-x-2y-3z=0 (B) x2+2y?+322-x-2y-32=0
C)x2+4y?+922+x+2y+3=0 D)yx2+y?+z2+x+2y+32=0
Sol. OPLAP

ofa—1)+BP-2)+v(y-3)=0
N Locus of P(a, B, y) is

P (o, B,y) &1 fagur 2

X2+y?+22—x-2y—-32=0
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~
-
J

* Marked Questions may have more than one correct option.

* fufeed U @ 9§ e 9 fAeey g oA ® -

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

7T - | : JEE (ADVANCED) / IT-JEE (fUBa auf) & e

Sol.

Hindi

Let P, Q, R and S be the points on the plane with position vectors — 27 — j , 41,37 + 3] and

-3i+2 j respectively. The quadrilateral PQRS must be a [IT-JEE-2010, Paper-1, (3, —1), 84]

(A*) parallelogram, which is neither a rhombus nor a rectangle
(B) square

(C) rectangle, but not a square

(D) rhombus, but not a square

A1 f5 v @Haa § fasg P, Q, Raen S 2| R Reifa afewr e — 20 - ], 41, 30 + 3] @an
-3 i +2 ] 2| agdst PQRS &I

(A) TP FAMR Igdst S T wHagds 8 ok T @ ue amad ®

(B) v

(C) U& SmId U= a¥ &l

(D) v@ wagdet g &+ T

PQ=36+1 = 37 =RS,

PS=\1+9 =10 =QR,

PQ = PS
slope of PQ = % , Slope of PS=-3
S(-3, 2) R(3, 3)
M~
&
P(-2, 1) Q(4, 0)

PQ s not L to PS
So it is parallelogram, which is neither a rhombus nor a rectangle

PQ=36+1 = 37 =RS,
PS=1+9 =10 =QR,

PQ = PS

PQ & gaurar = %,PS:—SH%W
S(-3,2) R(3, 3)

% (21
P(-2,-1) \ ’Q(4, 0)

PQ, PS & ofaq &l ®

gAY U8 AR IgyS Sl 7 a1 Fagys iR 7 & d

Ny

If & and b are vectors in space givenby a = =2 and b= 21+ j+3k , then the value of
N3 Jia
(2é+6). [(éXB)X(é—ZB) is [IT-JEE-2010, Paper-1, (3, 0), 84]
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Ans.

Sol.

Sol.

afg donm A" (space) & a1 Wfew s UaR ® &, a =%HW 6:%\/%% ISC
(2§1+6). [(5x6)x(é—26)} BT A A DI |
5
ézﬂ , 6=2T+]+3R
% i
laj]=1, [b|=1
a.b=0

(23 +D) . { (axb) x(@—-2b) }
= (2é+6).{ (@ (3—2b)) b — (b.(a—2b))

Q|
—_——

(25+6).{ (@ a — 2a . b) b—(b. a—2b. b)

(O]
——

(2é+6).{ (1-0) b—(0-2) a }
(25+5).{ b+2a }

=2 (@ . b)+4@ . a)+b. b+2b. a) =0+4+1+0=5

Two adjacent sides of a parallelogram ABCD are given by [IT-JEE-2010, Paper-2, (5, —2), 79]
AB = 2f+10]+1 1k and AD = —7+2]+2R . The side AD is rotated by an acute angle a in the plane
of the parallelogram so that AD becomes AD’ . If AD’ makes a right angle with the side AB, then the
cosine of the angle a is given by _
T FAMR Fgdst ABCD @ a1 Here ot 1 yar & &) 7 & |

AB = 2i+10j+11k T AD = —i +2j+2k GHMIR ag4sl & Add § Yol AD &I Th =7 BT o
AR ST 8 f599 f& AD, AD’ 99 Sl 8 | afe AD’, AB @ 1 |HPIU §4IT 8, Al cos (o) BT AN
= 2

8 NI 1 45
A) — B*) — C) - D) —
(A) 9 (B%) 5 (©) 9 (D) 5
cos g —2+20+22 8 [Using dot product] [3f&®r o 4 ]
15x3 9

0+ a=290°
a=90°-0

D R C

A B
cosa=sinb= E

9
Equation of the plane containing the straight line % = %: 2 and perpendicular to the plane
containing the straight lines XY _Z gng 2oY 22 g
3 4 2 4 2 3
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Sol.

Sol.

Ans.

Sol.

wa ¥ X o Yo Z g axdfae ox g qon, e =Y 22 o Xl Y L2 g aifte
2 3 4 3 4 2 4 2 3

B dTel (containing) THTS & Fgdq ARG BT AHIERY 9 & [IT-JEE-2010,
Paper-1, (3, -1), 84]

(Ayx+2y—-2z=0 (B)3x+2y-2z=0 (C)Yx—-2y+2z=0 (D)5x +2y—-4z=0
Direction ratio's of normal to plane containing the straight line

@1 BT FHIRT B Tl FHAA b AT D fqpargdra

=8i -] —10k

N A~ —
w NN =

i
3
4

x-0 y-0 z-0
Required planedi¥iie FHda | 2 3 4 | =0 =>-26x+52y-262=0 = x—-2y+z=0

8 -1 -10
X 1
The number of 3 x 3 matrices A whose entries are either 0 or 1 and for which the system A |y |= |0
z 0
has exactly two distinct solutions, is
X 1
U9 3 x 3d el A 3w, e ufafiedi 0 @1 1 € don e fog e A |y = |0 & 3@
z 0
(exactly) &I =1 &1 8, f=1 ® [IT-JEE-2010, Paper-1, (3, 1), 84]
(A" 0 (B) 2° -1 (C) 168 (D) 2
ax+by+cz=1
ax+by+c,z=0
ax+by+cz=0
No three planes can meet at two distinct points. So number of matrices is 0
BIs N I GHad el ] i fagell R 781 e |aod safey seEl & §@=n 02 |
If the distance between the plane Ax — 2y + z = d and the plane containing the lines
Xx=1_y=2 _2=3 jng X22_Y=3 _ Z=% s 6, thend|is
2 3 4 3 4
afe FAda AX — 2y + z = d TAT I@RI Xx=1_y=2 _ 223 gy X=2_y-3 _ 224 4
2 3 4 3 4 5

ardfdte BR arel WA & d @ g 6 8, a1 |d| &1 A 2| [IT-JEE-2010, Paper-1, (3, 0), 84]

6
x—1 y-2 z-3
Equation of plane is 2 3 4 | =0

Distance between planes is

J1+1+4

/\
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Vector & Three Dimensional Geometry / “_

= |d|=6

x—-1 y-2 z-3

Hindi w9da &1 9H&R0 2 3 4 |=0

Sol.

Hindi

8.»=

3 4 5
X=2y+2z=0 ......... (1)
Ax—-2y+z=d ... 2)
TN BA W —=_—§=— = A=1

-6 = 1|d=6

If the distance of the point P(1, -2, 1) from the plane x + 2y — 2z = o, where a > 0, is 5, then the foot of
the perpendicular from P to the plane is _
afs fag P(1,-2,1) 9 |90 x + 2y —2z = o, 98l o> 0@ I 58, A fIg P9 |9da R STl Y o=

%1 ure (foot) i B [IT-JEE-2010, Paper-2, (5, —2), 79]
. (8 4 7 4 4 1 1 2 10 2 15
(A) (_5 A~ __] (B) (_5 A _j (C) (_5 ~ _) (D) (_7 s _j
33 3 37 33 33 3 3" 3 2
b ‘1—4—2—0( _5
3
oa+5=15 (-. a>0)
= a=10

= planeisx +2y —-2z-10=0
Let foot of perpendicular is (a, B, v)

oa-1 B+2 vy-1 [1—4—2—10j 5 8 4 7
= = = — = — :a=_1B=_l’Y=__

1 2 -2 9 3 3 3 3

D ‘M _5
3
oa+5=15 (-. a>0)
= a=10
= HHAA x +2y—22-10=0
AT IS (o, B, y) B

o1 _B+2 _y-1 __ [1—4—2—10j _5 L2824 7

1 2 -2 9 3 3 3 3
Match the statements in Column-l with those in Column-II. [IT-JEE-2010, Paper-2, (8, 0), 79]
Column-I Column-ll
(A) A line from the origin meets the lines (p) -4

8
x—2= y—1= z+1 and 3 _ y+3 _ z—1
1 2 1 2 —1 1
at P and Q respectively. If length PQ = d, then d? is

(B) The values of x satisfying () 0
tan-'(x + 3) —tan~'(x — 3) = sin~! [gj are

/\
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Vector & Three Dimensional Geometry /

Ans.
Sol.

(C)  Non-zero vectors a, b and ¢ satisfy a.b =0, () 4
( b—3a).(b+c)=0 and 2| b+¢|=b—a| . If a=pb+4c
then possible value of p are

(D) Let f be the function on [-=, ] given by (s) 5
: (QX)
sin >
f(0)=9and f(x) = ———=
sin (Xj
2

of Ej f(x) dxis

1

for x = 0. The value (t) 6

-

B -1 # g Y qadai &1 dfed -l § Ry qadqai § gaa o |

DicH -l i -l
(A g g A G T Ue WRe @, AR @A P -4
8
x-2 y-1_ z+1 e Y _y+3  z-1
T =2 1 2 11
B HA: P Td Q R Fredl 2| Al =18 PQ=d
8l d23—
(B) tan-'(x + 3) — tan~'(x — 3) = sin! (gjaﬁwaﬂﬁaﬁ () 0
X P HM 8-
(C) < ergw wfkw a, b dum ¢ WHieRT a.b =0, (r) 4

( b—a).(b+¢)=0 @ 2| b+¢|=|b-a| HIE H E |
I a=pb+4¢ B, @ pu B T A B—

. 9x
sin [j
(D) AMS [-n, 1) W B f; f(0) = 9 qAT f(x) = —i (s) 5
sin | =
| (2j
for x # 0. The value of 2 _[ f(x) dx &1 A9 B— (t) 6
T -7
(A)— (), (B)—>(p, 1,  (C)—(a) (JEE givenq, s) (D) —> ()
(A) Let the line through origin is Xy _z
LU 1
= X=AZ,Yy=HZ = e (1)
To find point of intersection of line (1) and line X;Z = y—21 = 2:1 .......... 2)
we have 2222 _H2=1_ 4
-2
3
= z= — =
r—1
= A+3u+5=0 . (3)
To find point of intersection of line (1) and line == ........ (4)

/\
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Vector & Three Dimensional Geometry /

kz—g
we have 3 _ wzt3 _ z-d
2 -1 1
B 2 2
T 3(A=2)  p+1
= 3h+Hd=5 . (5)
Solving (3) and (5), A = g and p = —g
z=2,x=5,y=-5 for point P
and z= i, x=m , ¥y = —E for point Q
3 3 3
PQ? = 4 + 2 + 2 =6
9 9 9
(B) tan~' (x + 3) —tan~' (x — 3) = sin~" (3/5)
= tan~' (Lﬁ;jﬂan—‘ (3/4)
1+ x° —
= 26 =§:> x2=16
x°—-8 4
Xx=x4
(C) Since.ab =0
Let b=2i,a=»2,]
Now 2|5 +G |=|b —a |& d=pb +46 = 2xﬁ+7‘2’+““b

| (4—1) T+20] =2|R, T+l

squaring

A (4—py +4," = 407 +4n,°
(b-2a).(b+¢)=0

Y St L P Vi G ) o P
! 4 4

Also
=N (A = haj) -

=
from (1) & (2)

=

124+ p2-8u=12-3p

‘ = |7“1i_7¥2j|

= U2 —-5u=0 = U=0,5(u=>5reject)
sin 9x sin 9x cosx sin 9x cos >
2 ks - 4 ™ T — ™ . —
D 1=°% idx_—j 2 2 gy _§j 22 gy
T : T T SinX
-~ Sin— 0 sin—cos— 0
2 2 2
4 % sin5x +sin4x .
1= 2 sindx+sindx -y (i)
T Y SINX
b b
(using .[f(x)dx = If(a +b—x)dx )
0 0
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B ij sin5x —sin4x dx
0

T sinx
Add (i) and (ii)
= ij S|r15x
Ty Sinx
Consider
Ik_IH:iJ- 3|nkx—sl|n(k—2) X dx = §J- cos(k—.1)xsmx dx
Ty sinx Ty sinx
Ie=1 o
4 n
so Iy =1, = g=T,= = [ dx =4
T 9
Aliter
Let I < EI sm. (9x/2) dx
n J sin(x/2)
I=ij M ax ... (1) (.. f(x) is even function)
m 5 sin(x/2)
4 % cos(9x/2
== Ox/2) 4 . 2)
Ty COS(x/2)
b b
(using _[f(x)dx =If(a+b—x)dx )
0 0
Add (1) & (2)
= iJ- . sin5x i J- SII"15X dx
n 3 2sin(x/2)cos(x/2) Ty Ssinx
/2 H
L 128 s,
T 5 sinx
/2 -5 _ - 3 .
N I=§ j [163|n X 2(?sm x+53|nx)dx
Ty sinx
8 /2
= I= = I (16sin* x—20sin*x+5 ) dx
T 9
N I=§ 16x 3><1><Tc_ X1><TC+5_TE
T 4x2x2 2x2 2
= I=§[3n—5n+—}
T
= 1=4
Hindi (A) Wqﬁﬁgﬁﬁrﬁm%@%=z=%
Il
= X=AZ,Yy=HZ = e (1)
%@1(1)@?%@1)(_2 y_21— z+1 % yfdrese fag & fag ... (2)
rz—2 _ pz -1 s
1 -2
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r=1
=> A+3u+5=0

= Z=

8
X_i
Y (1) @ik v —3 - V+13 _ 21‘1 & TR B RIY ....o(4)
8
)“Z_E wz+3  z-1
2 11
_ 2 2
T 3(A=2)  p+1
= 3A+u=5 ... (5)
5 5
(3) MR BYH , A= > M= -5
g P& folg z=2,x=5,y=-5
dRz=2 .10, __10
’ 3 3
s 3R fdg Q@ forw PQ2=f+2_5+2_5=6
9 9 9
(B) tan-! (x + 3) —tan-! (x — 3) = sin~! (3/5)
— tan-! (Lz”‘gj: tan-1 (3/4)
1+x“ -9
26 = 3 = x2=16
x“—-8 4
X=%4
(C) dfdab=0
LOAFD b =Ai,a=2,]
319 2|b+¢ |=|b —a |3k d=pb +4¢ :2xﬁ+M‘=|xﬁ—x2j|
4
|24 =) T+20] =2[% T+2,]]
T B W)
MG —pP +0, = A2 +40° = 2= (12 +u2—8u) 1,7 ... (1)
qen (b-2a).(b+¢)=0
~ * 2 2
S i) [T B g M)A
4 4
= YW i ¢/ TT) R 2)
Mma @«
124+ p2-8u=12-3p
= H2—-5u=0 = U=0,5(u=>5reject)
sing—x sing—xcos5 sing—xcos5
D 1-=2 idx_ij i X2dx =§j 22 gy
T . T . T sinx
-t osin> 0 sin-cos— 0
i i 2 5
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Vector & Three Dimensional Geometry / “_

= ij sin5x +sin4x dx
T o

- sinx

(Tf(x)dx = if(a+b—x)dxa% SERIRES)

4 psoxosdx gL (i)
T sinx
(i) 3R (i) B S W
= ij sur15x d
my sinx
GISIEY
IK_I“:iI S|nkx—s.|n(k—2) X gx = §J cos(k—.1)xsmx dx
Ty sinx Ty sinx
=T
4 T
It I =1, = 15=11=_Idx =4
To
Iofeus
A [ 2J- sm. (9x/2) dx
n . sin(x/2)
=2 SOE) (. f(x) & e 2)
Ty Sin(x/2)
I ij' cos(Ox/2) 4 . (2)
Ty COS(X/2)

—
ot—y o

f(x)dx =_Tf(a+b—x)dx P YA W)

4 7 sin5x 4 Tt sinbx
—I = — I — dx
n 3 2sin(x/2)cos(x/2) Ty sinx
n/2
N = 8 .[ SITW5X dx
n 5 sinx
/2 15y .3 .
N I=§ j [163|n X ZQsm x+53|nx)dX
Ty sinx
8 /2
=N 1== j (16sin* x — 20sin?x +5 ) dx
T 9
N I=§ 16x 3><1><7:_2OX1><7T 57:
T 4x2x2 2x2 2
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Vector & Three Dimensional Geometry /

9.

-

Let a=i+j+k, b=i—j+k and ¢=i-j—k be three vectors. A vector v in the plane of a and b,

whose projection on ¢ is —, is given by

Sol.

Hindi

10%.

Sol.

3

AT f6 d=i+j+k, b=i—j+k 3R c¢=i—j—k = afewr 81 v& @few v o a iR b FAda # Rerd

2, 3R a1 ¢ ) yey l%,ﬁﬁf%—
B

(A) 1-3j+3k (B) —3i—3j—k
Ans. (C)

Let V = Ad+ub

= v=0Q+pn) i+ A-p + h+pk

oA 1
Now v. C Na)
SN ) Bt el O el U D R
B g
= pu— A=l
p= A +1

Lov=@a+1)i-] v @+ K
For A=1,v = 3i—j+3k

HIAT v

Aa + ub
= v=0G&+p) i+ A-p) + +pk

<l
]
™
>
+
—
|
[S—
+
™
>
+
—_
>

r=1,v = 3i-j+3k & forg

[IT-JEE 2011, Paper-1, (3, -1), 80]

(C*) 3i-j+3k (D) i+3j-3k

The vector(s) which is/are coplanar with vectors i+j+2k and i+2j+k, and perpendicular to the

vector |+ j+k is/are

a8 (9) 9fewr o afee i+j+2k dem (+2j+k gRT 99 a1 A Rerd B(F), ok AfRwi+j+k & owaq

2(@), =1 3(®)

(A) -k (B) —i+]

Ans. (A,D)

a=i+j+2k

b=i +2]+R

C=i+j+k

Required vectoris AC x (axb)
Al(¢.b)a —(¢.a)b ]
A (14+2+1) = (i +j+2k

A[=4] +4K]

[IT-JEE 2011, Paper-1, (4, 0), 80]
(C)i-] (D*) —j+k

)— (1+1+2) (i +2]+k) ]

/\
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Vector & Three Dimensional Geometry / “_

so our vector in parallel  —j + Kk

Hindi

]
+]+2k) = (1+1+2) (1+2]+Kk) ]
A[=4] +4K]

qfeer = + k & AR 2|

11. let a=—-i—-k, b=-i+] and ¢=i+2]+3k be three given vectors. If f is a vector such that
f . a=0,thenthevalueof r . b is [IT-JEE 2011, Paper-2, (4, 0), 80]

b Fxb=
Ans. 9
Sol. (F-C)xb =0
F—C =Ab =>r=¢+Ab 2eR
r.a=0
= (¢ +1b).a=0
=((i+2] +3K)+M=i+] ).(~i-k)=0
= (1=2)i+2+1)] +3k).(—-i-k)=0
= A-1-3=0
=>A =
sO03rd  .b=(-37+6] +3k).(-i+k)
=3+6=9
12. Match the statements given in Column-l with the values given in Column-Il
Column-| Column-II
(A) lfa=j+v3 k, b=—j++3 k and ¢=2y3 k form atriangle, p) =
then the internal angle of the triangle between a and b is
b
(B) If I(f(x)—3x) dx =a?-Db? then the value of f (gj is (Q) 23_7:
) TEZ 5/6 TE
(C)  The value of — j sec (nx) dx is (r) 3
7/6
(D) The maximum value of ‘ Arg (%j for |z| =1,z # 1 is given by (s) T
-z
® 7
Bfcm | ¥ &Y T gaaadl &1 dfam |1 ¥ A T 791 4 gaa s [IIT-JEE 2011, Paper-2, (8, 0), 80]

fed-1 DieH-1l
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Vector & Three Dimensional Geometry /

(A)

Ans.

Sol. (A)

(B)

(€)

(D)

Alter # 1

afe a=j+43 k, b=—j+3 k 3Ré=2y3 k & (p)

Bryer g o= 8, @ By &1 emaRa ®oT W a &R b
% dra Rord &

b
afs [(f(x)-8x) dx =a?-b2,r f (gjmm% (q)23—’T
TCZ 5/86 T
— [ sec (mx) dx @1 HH B n =
In3 ), 3
Hﬁ'|z|=13ﬁ'\’z¢1€ﬁ‘Arg (%j‘?ﬂﬁﬁqﬂﬁ% (s) ©
-z
T
t -
(t) >
(A) > (q), (B) > (p), (C) - (s), (D) > (1)
cos(x_0)— A b ___ 143 2
la|lbl \A+3 J1+3 4
G b
0 AT 0
é
—€0sH = 1
2
o= 2T
3
Using Leibeintz Theorem
f(b) = 3b = — 2b
f(b) = b
2 58 7 [(n]secnx+tannx|]*°
— [ (secmx) dx= —
N3 7l n3 T 716
2 1 1 3 B
/n ————11—(n ——+——= (N|—=x ——
_ («/?_:«/gj ‘ ﬁ‘_i \51‘ —r
~ /n3 T ~ /n3 T -

z (z# 1) lies on circle with center 0, radius 1

Arg [%) = Arg 1 — Arg (1 — z) = angle between OA and BA

Absolute value of angle between OA and BA tends to g as B tends to A.
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arg[%j‘ =larg1—arg (1-2)| =|arg (1 —2)|
4

as |z| =1 i.e. z lies on circle

{
{

— z lies on circle

1 -z lies on circle

O

= max |arg (1 — z)| = g
Alter # 2
z=¢"
1 1 1 .0 0 1 1 0
- = o = 0 sm—+|cos§ =§+IE cotE
2 2sin?2—isind  2sin—
2 2
LocusisLisx=l
1-z 2
1
2
Maximum value of ¢ tends to g
a.b -1+3 2
Hindi (A) cos(n—0)= ————— = ==
la | |b] J1+3 f+3 4
g b
0 n—-0
a
—c0s0 = l
2
0= 2%
3

(B) Leibeintz Theorem &
f(b) — 3b = — 2b
(b) = b
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2 5/6 2 5/6
@ % e ore £ [lammccianon)
n3 i n T 7/6
2 1 2 1 3 B
m||-S- " ||-m | -S+ | x 2
s sl e
"~ /n3 e /n3 b

(D) z(z#1) 39 W Ryd N Rrgad o= 0 &R froam 17
Arg (%j — Arg 1 —Arg (1 — 2) = OA 3R BA &1 5&d &1 HITT

OA@?BAE%HWE%WW%T&HW% B AR PR & TEfH B, A & MR TR T |
Alter # 1

arg[%j‘ =larg1—arg (1-2)| =|arg (1 —2z)|

IF |z]=1 e zga R Rer@ 3|

&
&

= —z9d W Rerd 2|

= 1-z3d R Rerd 2|
T
= max |arg (1 —2)| = >
Alter # 2
z=¢"
1 1 1 .0 . 0 1 .1 0
= = Sin—+iCos— | = — +1— cot—
1-z 0 2 2 2 2

2sin29—isine 2sin—
2 2
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¢m3ﬁéwmga%3ﬁ?%l

13. The point P is the intersection of the straight line joining the points Q(2,3,5) and R(1, —1, 4) with the

plane
5x —4y — z = 1. If S is the foot of the perpendicular drawn from the point T(2, 1,4) to QR, then the length
of the line segment PS is [HT-JEE 2012, Paper-1, (3, -1), 70]

fag P fdgail Q(2, 8, 5) 3k R(1, —1, 4) § ok dTell ¥_al ¥@1 Td FAAA 5x — 4y — z = 1 &1 ufcreedl
fig 21 afk fdg T(2,1,4) 9 QRWR S M o &1 T&-UIE S O YE-Wvs PS & w18 =t 28—
1

(A%) NG (B) V2 (C)2 (D)2 2
Sol. Ans. (A)
Equation of QR is
Xx-=2 y-3 z-5
1 4 A
LetP=(2+X,3+41,5+2)
10 +50—12—16L-5-A =1

7121 =1
= k=_—2
3
then P = i 1 E
3 3 3

Let S=(2+,3+4U,5+)
TS = ()i +(4u+2)] +(u+1k
TS. ((+4]+K) =0
H+16p+8+u+1=0
1

4 3V 4 (13 9Y 1 4 1 1 4 9 1
PS= ||=——=| +=+|——=| = | —+—+—= | —+=— = ,|— = —=
3 2) 9 (3 2 36 9 3 V18 9 \i18 2
Hindi Ans. (A)

X-=2 y-3 z-5
1 4 1
AMP=(2+X,3+4A,5+4)
10+5A—-12—-16A-5-A =1

—-7-121 =1
= k=_—2
3
aﬁpz(ﬂ, 1 E]
3 3 3

NS =(2+WY,3+44,5+)
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Vector & Three Dimensional Geometry /

14.x

Sol.

15.

Sol.

TS = ()i +(4u+2)] +(u+1Kk
TS. (i+4j+K) =0
H+16p+8+pu+1=0

S- [i ; 9)
2 2

If 3, band ¢ are unit vectors satisfying |a— b P+ |b—¢ P+ | ¢—a P=9,then|2a +5 b+5¢|is
[IT-JEE 2012, Paper-1, (4, 0), 70]
afd a, b R ¢ $HIE AR (unit vectors) & ST |[a—b 2+ | b— ¢ 2+ | c—a 2=9 B YT &d &

d9 24 +5 b+5C| P A B |
Ans 3
6—2a-b—2b¢—2¢a =9

Since 9f® = a-b+b-C+G-a= _?3

(o]

= ‘é+5+6‘ =0 = a+b+¢=0

= [2a+5(-a) = |3a| =3

The equation of a plane passing through the line of intersection of the planes x + 2y + 3z = 2 and
X —y +z =3 and at a distance 2 from the point (3, 1, —1) is [IT-JEE 2012, Paper-2, (3, -1), 66]

NG

UEh G, Sl FAdal X + 2y + 32 = 23R x -y + z = 3 & U=l Y@ 9 [orar @ &R g (3,1, -1)

4 iaﬁaﬁwéwﬁaﬁwﬁw%l

N
(A*) 5x — 11y + z =17 (B) V2x+y=3J2-1
C)x+y+z= 3 D)x— 2y =1- 2
Ans. (A)

Equation of required plane
X+2y+3z2-2)+A(x—-y+2z-3)=0

= (T+A)x+2-Ay+@+A)z—(2+31)=0

distance from point (3, 1, — 1)

/\
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16.

Hindi.

17~

3430 +2-A—3-1—2-3%
JA+RR + (2= +(3+1)

2

B

32 ran+1a | B
= 3 =3\ +4) + 14
7

= A= ——
2

equation of required plane
5 —11y +z-17=0
If a and b are vectors such that ‘é+5‘:\/2_9 and ax(2i+3j+4k) = (2i +3j+4k) xb , then a

possible value of (3 +b) . (=7i +2j+3Kk)is [IT-JEE 2012, Paper-2, (3, 1), 66]

Ifz wfRw a ik b @ frg ‘é+5‘=\/2_9 3R ax(2i+3j+4k) = (21+3]+4Kk) x b &, @@ (@+b).
(=71 +2]j +3K) &I T F=Ifad A e 8-

(A)O (B) 3 (C") 4 (D)8
Ans. (C)
Let 79T ¢ = 2i +3]+4k

ax¢ = ¢xb
= (a+b)xc = 0
= (a+b)||¢c
Let AT (a+b) = AC
= la+b| =[] |c]|
= J29 =|n|. V29
= A=%1

a+b ==+ (20 +3j+4K)
Now 319 (3 +b).(<7i +2]+3Kk) =+ (- 14 + 6 + 12)

=+4

. . x—1 y+1 z X+1 y+1 z

If the straight | — =2— =—and —— = —— = — are coplanar, then the plane(s
e straight lines 5 " 5 an 5 5 ” p p (s)

containing these two lines is(are) [IT-JEE 2012, Paper-2, (4, 0), 66]
(A)y +2z=-1 B)y+z=-1 (C)Yy—-z=-1 (D)y—2z=-1
afg IR @R XT_ =yT+1=%3ﬁ?XT+1=yT+1=E FHATA (coplanar) € A1 98 (d) |AAdd o
g v Rerd € 1 & (8
(A)y +2z =-1 By +z=-1 (C)y—z=-1 (D)y—-2z=-1

/\
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Sol.

Hindi

18.

Sol.

Ans. (B,C)
For co-planer lines [a—¢ b d]=0
a=(1,-1,0), =(-1,-1,0)

b = 2i+kj+2k d = 5i +2] +kk
2 00

Now |2 k 2/ =0 = k=%2
5 2 k

A, = b,xd = 6j—6k fork=2

A, = b,xd,= 14j+14k fork=-2

so the equation of planes are (r-a)n, =0 =y-z=-1 ... (1)
(fr-a)n,=0=>y+z=-1 ... 2)

so answer is (B,C)

Ans. (B,C)
g1 g v@ist @ forg [a—¢ b d]=0
a=(1,-1,0, =(-1,-1,0)

b = 2i+kj+2k d = 50 +2]+kk
2 00
g 2 k 2 =0 = k=+2
5 2 k
A, = b,xd, = 6j—6k k=2 forg
A, = b, xd,= 14j+14k =-2% fomg
gafey AHde B WHIeRY B (r—a)n, =0 =>y-z=-1 ... (1)
(fr-a)n,=0=>y+z=-1 ... 2)
gafey SR (B,C) B |

Let PR=3i+j—2k and SQ=i-3j—4k determine diagonals of a parallelogram PQRS and
PT =i+2]j+3kbe another vector. Then the volume of the parallelepiped determined by the vectors
PT, PQ and PS is [JEE (Advanced) 2013, Paper-1, (2, 0)/60]

AIfh PR =3i+j—2k @1 SQ=i—3j—4k Toh 9d=R ag¥ysl PQRS & sl FeifRa #va 2 sk

PT =i+2]+3k s 3 wfey B, a9 @l PT, PQ @ PS gR1 FuiRa @R Schad &1 Rrd=

- [JEE (Advanced) 2013, Paper-1, (2, 0)/60]
(A) 5 (B) 20 (C*) 10 (D) 30

©
PR =PQ+PS
SG-PG-PS

PR-SQ

PS
2
S

p Q

/\
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19.

Sol.

Hindi.

v-| [rs s )

v-1 | [PR +8Q, PR - 5G, PT] |
4
1 e —
V-2 ‘ [PR, sQ, PT| ‘
3 1 =2
-1 -3 4
1 2 3
1 (-3-7-10)=10
2
Perpendicular are drawn from points on the line XTJFZ = y_+11 =§ to the plane x + y + z = 3. The feet of
perpendiculars lie on the line [JEE (Advanced) 2013, Paper-1, (2, 0)/60]
TA X+y+2=3 W X—J2“2=y—+11=§ R Red fagell 4 o St O & | a9-ue /1 v R
Rera g
X -1 z-2 X -1 z-2 X -1 z-2 o X -1 z-2
A z=—- B 2= - ©3=T-=22 (o) ST -2
5 8 -13 2 3 -5 4 3 -7 2 7 5
(D)

X+2 y+1 _ z

Any point on line —— = =i
2 -1 3
Let any two points on this line are
A-2,-1,0),B(0,-2,3) Put (A=0,1)

Let foot of perpendicular from A( -2, — 1, 0) on plane is (o, B, y)
a+2 B+1  B-0
T 1A

Also, a+B+y=3

= H=2+Pu—1+p=83=>p=2

= M(0, 1, 2)

=l (say)

Similarly foot of perpendicular from B(0, — 2, 3) on plane is N (g %4 13—1]
. . x-0 y-1 z-2
So, equation of MN is 2 = 7 = 5
3 3 3
(D)
2 +1 z
Y e Y 2w
2 -1 3 T g

AT 39 Y@ R BIE al fag 7
A(=2,-1,0),B (0,2, 3) (L =0, 1) 7@

A A(-2,—1,0) 9 I9dd IR d=URE & A (o, B, 7) B |
a+2 B+1  p-0

- 1 1 e T
qAql,  oa+P+y=3

= H-2+U—1+pu=3=>pu=2

= M(O, 1, 2)

/\
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20.*

Sol.

T UBR B(0, — 2, 3) ¥ IHAGS WR oTNUE & fAqend N (g %4 gj =
Al MN &1 IR0 x=0 _y-1_z=2
P -7 '

3 3

w|o| |

A line I passing through trle origin is perpendicular to the lines

L:@B+t) i + (=1+2t) j+(4+2) k,—co<t<oo

L:(3+2s) i+ (3+25) j+(2+8) k,—w<s<o0

Then, the coordinate(s) of the point(s) on /,at a distance of 17 from the point of intersection of /and I

is(are) [JEE (Advanced) 2013, Paper-1, (4, — 1)/60]
775 N w (778
(A) (57515) (B ) (_1! 7_1! 0) (C) (17 17 1) (D ) (§1§1§j

T NGl [, S JAfdg I ol 8, Y@

l1:(3+t)7 +(—1+2) j+(4+2) k,—o<t<oo
lz:(3+2s)f+ (3+2s) j+(2+s) k,—0o<s<w®

W o ad 21 d9, [, R Red fasg (favgei) @ fderie, S x@mwit 1 9o [ & wfis g @ 17 &1 0

wREE) M2 E: [JEE (Advanced) 2013, Paper-1, (4, — 1)/60]
(A [Z,Z,ﬁj B (-1, ~1,0) © (1,1,1) ) [Z,Zﬁj

333 999
(B.D)

Let equation of line 7 is

x-0 y-0 z-0
a b ¢

This line ¢ is perpendicular to given line ¢, and /,.

Hence a+2b+2c=0

/: =k

2a+2b+c=0
a b ¢
23 -2
, Xy z
Hence equation of / is 53 35° K, Kk,
Vol
for ¢, for,
Now  A(-2k,, 3k,, —2k,) B(—2k,, 3k,, —2k,)

Point A satisfied ¢,

2K, i +3K,j—2kk=@+t) i +(-1+2t) j+@d+2t)k

3+t=-2k, ... (1)
-1 +2t=3k, ... (2)
4+2t=-2k, ... (3)

(2) & (3) 5=5k, =k, =—1=A(2,-3,2)
Let any pointon 7, (3 +2S,3 +2S,2 + S)

Given \J(1+28)? +(6+2S)7 +(S)? = V17

9S82+ 285 +37=17
952+285+20=0
9S52+185+10S+20=0

/\
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9S5(S+2)+10(S+2)=0
S=-2,-10/9
Hence (-1, -1, 0), (7/9, 7/9, 8/9)
Ans. (B) & (D)

Hindi (B,D)
AT T £ BT FHIBIO
/- x-0 _ y-0 _ z-0 —K
a b c
& N1 (& TS X (, AL, B A ©
3[cT: a+2b+2c=0
2a+2b+c=0
a_b_c¢c
2 3 -2
3 £ BT FHIHRT X Yo 2k, ok
-2 3 -2
VNG
for ¢, for,
39 A(-2k,, 3k,, —2k,) B(—2k,, 3k,, —2k,)
g A (R |gS 8@ 2
2k, i +3k,j—2kk=@+t) i +(-1+2t) ] +(4+2t)k
3+t=-2k, ... (1)
-1+2t=3k, ... (2)
4+2t=-2k, ... (3)
(2) & (3) 5=5k, >k, =-1=A(2,-3,2)
AMI 4, (3+2S,3+2S,2+S) W 3ls fig
faar T J1+28)2 +(6+2S)2 +(S)? = 17
9S82 +28S + 37 =17
982+285+20=0
982+185+10S+20=0
9S5(S+2)+10(S+2)=0
S=-2,-10/9
3d: (-1,-1,0), (7/9, 7/9, 8/9)
Ans. (B) & (D)
21.= Consider the set of eight vectors V = {a?+b]+cl2 cabc e {—1,1}}. Three non-coplanar vectors can be
chosen from V in 2°» ways. Then p is [JEE (Advanced) 2013, Paper-1, (4, — 1)/60]
e afee b T V={af+b]+cl2 - ab,c e{—1,1}} L ARTT | VA A sad 9 2 UBR 9
iﬁ ST Wdhd g d9 p BT AN B [JEE (Advanced) 2013, Paper-1, (4, — 1)/60]
Ans. ®C,-24 =32
Sol. Among set of eight vectors four vectors form body diagonals of a cube, remaining four will be
parallel (unlike) vectors.
Numbers of ways of selecting three vectors will
be403x2 x2x2=25
Hencep =5
Alternative

Eight vectors
X =1 4] +k

/\
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Vector & Three Dimensional Geometry /

Alternative

y=i +] K
Z=1i -] +k
d=1 -] k
=1 ] &
j = F -}k
=1 4] &
@' =—i +] +k

If we take X , X' and any one of remaining sin x, vectors will always be coplaner

.. No. of coplaner vectors = 6
similarly on taking y , y' =6

z, 2' =6
o & =6
A(0, 0, 0)
B(1, 0, 0)
C(1,0,1)
D(0, 0, 1)
E(, 1,1)
F(0, 1, 0)
G(1,1,0)
H(1, 1, 1)
AH =1+ 4k
BE=—i+j+k
CF——i+j—k

Non-coplaner

.. No. of set of coplaner vectors = 24

F G

Hindi. 3170 A=l & =i 9 IR Afee, 89 & a0 & Y g | 2y, |9 J9=R 9w © |
= Al & 999 A & HHET BR—

Alternative

“Cyx2 x2x2=25

Ha:p=5

SIGIGIEN]

X=1+] +k
j=1 4] &
Z=1i -] +k
61 -] &
= F ] &
§ =1 ] +k
Z'=-i +] —k

AN Resonance”®
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@ =—i +] +k
I A X, X' TAT sinx H A TH AV AR, A9 FHAT B |
THaA Afee B A= = 6
SHIUPR vy, y' =607 W
z, 2 6
o, =6 . A AleEl & Wl B 6T = 24
Ans. 8C,—24 =32
Alternative
A(0, 0, 0)
B(1, 0, 0)
F G
E H
A B
D C
C(1,0,1)
D(0, 0, 1)
E(0,1,1)
F(0, 1,0)
G(1,1,0)
H(1,1,1)
AH=1i+]+k
BE=—i+j+k
CF=—i+j—k AT
22" Two lines L, : x =5, Y _ iz and L, :x=aq, i are coplanar. Then o can take value(s)
—-a - - —-a
@l L, x=5, Y iEIQJTLZ:X=0L, Yy
-a - - 2—o
[JEE (Advanced) 2013, Paper-2, (3, —1)/60]
(A1 (B)2 (C)3 (D) 4
Sol. (A, D)
X-5_ -y _z
0 a—-3 -2
X—o_y Z
0 -1 2-a
5-a 0 0
0 3—a -2 =0
0 -1 2-a
BG-a)(B-0a)(2-a)-2)=0
(a?—50+6-2)=0
oa—5)(c?2—5a+4)=0
a=1,4,5
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23.

Match List T with List IT and select the correct answer using the code given below the

lists :

[JEE (Advanced) 2013, Paper-2, (3, —1)/60]
List - I List - IT
Volume of parallelopiped determined by vectors 1. 100
ab and¢ is 2. Then the volume of the parallelepiped

determined by vectors 2(axb),3(bx¢) and (Gxa) is

Volume of parallelepiped determined by vectors a,b 2. 30
and cis 5. Then the volume of the parallelepiped
determined by vectors 3(a+b),(b+¢) and 2(¢+a) is

Area of a triangle with adjacent sides determined by 3. 24
vectors a and b is 20. Then the area of the triangle

with adjacent sides determined by vectors (25+36)
and (a-b)is
Area of a paralelogram with adjacent sides determined by 4. 60

vectors a and b is 30. Then the area of the parallelogram
with adjacent sides determined by vectors (a+b) anda is

A1 B FGA 11§ FAfera ITY Jon Gl & 1K Ay Y $Ie &1 TR $-a Fel IR g -

[JEE (Advanced) 2013, Paper-2, (3, —1)/60]
- 1 = - 11
Afeen a,b don ¢ N1 FUiRd WHIR Y<wdd @1 1. 100
IRIA 2 B | a9 |fewt 2(axb),3(bxc) qeAr (Exa)
gr1 FuiRd I9idR YShasd &1 M 3

Afeei &b don ¢ gR1 MUiRd TR vehad &1 2. 30
3T 5§ | 99 |fewl 3(a+b),(b+¢) T 2 (C+a)
gR1 uiRa IHiaR YShed &1 3Mmdad ®

TS Bryet 1 aEwa, e e qong afewll & dem b 3. 24
g FufRa 2, 20 21 @9 Wt (2d+30) @ (4-b) g
RatRa o ol arel st &1 &3%d

U AR G BT &G, el Ao Yo |fe 4. 60
a dom b grT FufRa € 30 81 a9 afewl (a+b) dom a g
RatRT Ferm Yol arel IR agysl &1 &a3%d §

INNNYAE NN
W= 2w

[(CJ I NGy
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Sol.

24,

(©) )
(P) [@a bcl=2
2(5 x B),S( Bxé),(éxé)
6[axb b xa ]=6 [abc]?
=6x4=24

Q) [@ b ¢ =5
[3 (a+b) (b+C) 2(C+a)]
=6x2[a b d]
=12 x5=60
Q-4

1
2
A

|
|
\Y]
N
X
o
|
w
—_~
o
x
A=)

(S) |axb| =30
|[(@+b)x a| = |bxa|=
S—> 2

Consider the lines L, : %:%zzis,Lz x:4:y:32223 rand the planes P, : 7x +y + 2z = 3,

P, :3x + by — 6z = 4. Let ax + by + cz = d the equation of the plane passing through the point of
intersection of lines L, and L,, and perpendicular to planes P, and P,,.
Match List - T with List- IT and select the correct answer using the code given below the lists :
[JEE (Advanced) 2013, Paper-2, (3, —1)/60]
X=1_y z+3 xX—4 y+3 z+3
v L, 2 11 L 1 2
= 4 NAY | 7171 6 ax + by + cz=d, %@n&ﬁL g L, gfaees fdg @ JoRe arel du1 wad P, 9 P,
TR, FHAA BT FHIBIT B |
T -1 D1 G - 19 gafera SINTY den g & = Qg U S &1 9317 ax)a |8l SR g
[JEE (Advanced) 2013, Paper-2, (3, —1)/60]

D AU HHAA P i 7x+y+22=3,P,:3x + 5y — 62

List- I/ 9= I List- I/ 9= 1T
P. a= 1. 13
Q. b= 2. -3
R. c= 3. 1
S. d= 4. -2
Codes
P Q R S
(A 3 2 4 1
(B) 1 3 4 2
() 3 2 1 4

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Besfobnance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVQE- 92
ucating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry /

D) 2 4 1 3
Sol. (A
L. x-1 _Y z+3
2 1 i
iJ ok
Normal of plane P: n=|7 1 2
3 5 -6

=1 (-16)= ] (-42-6) + k (32)
=-16 i+ 48] + 32k

=n=i-3]-2k
Point of intersection of L, and L,
2k, +1=k,+4
-k, =k, -3
1=3k,-2
k,=1

Point of intersection (5, -2, —1)

Plane (x-5)-3(y+7)-2(z+1)=0
x—3y-2z-5-6-2=0
x—-3y—-2z =13

= a=1,b=38,c=-2,d=13

Hindi (A)

=i (-16)— ] (-42-6) + k (32)
16 i+48] + 32k
=h=i-3]-2k
L, dor L, &1 ufess fag
2k, +1=k,+4
—k, =k, -3
1=3k, -2

2
k,=1

gferese fawg (5, -2, 1)

HHAA (x-5)-3(y+7)-2(z+1)=0
Xx—3y-2z2-5-6-2=0
x—3y—-2z =13

= a=1,b=3,c=-2,d=13

25%,

of them is g If a is a nonzero vector perpendicular to x and yxz and b

vector perpendicular to y and zxx , then

(A*) b=(bz)(Z-X) (B*) a=(ay)y-2)

Let x,y and z be three vectors each of magnitude J2 and the angle between each pair

is a nonzero

[JEE (Advanced) 2014, Paper-1, (3, 0)/60]

(C*) ab=—(ay)bz) (D) a=(@y)z-y)

AN Resonance”®
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Ans.
Sol.

26.

Ans.
Sol.

#7191 fo afgen (vectors) %,y d1 Z # g@® &1 kA0 2 € dgT gAS JIH (pair) B
HEY BT HI0T g 21 afg AT (non-zero) wfger a Afgel x T yxz & HEaq

(perpendicular) @ Td T[=ATY |fgwr b Afgerl y don Zxx & d¥§Iq 2, d9

(A*) b=(bz)(z-x) (B*) a=(@y)y-z) (C*) ab=—(ay)bz) (D) a=(@y)z-y)
(ABC)

[X1=17]=[2|=2

b=u(z-X)

a=(a.y)(y-z) = (B)
b ZZM(Z—ZX%j
u=b.

From a point P(A,A,A), perpendiculars PQ and PR are drawn respectively on the lines y =
X, z=1andy =-x, z=-1. If P is such that ZQPR is a right angle, then the possible
value(s) of A is(are)

[JEE (Advanced) 2014, Paper-1, (3, 0)/60]
(A) V2 (B) 1 (C*) -1 (D) -2
fasg P(A,A,A) & Rl y = x,z =13 y = —x, z=-1 U= STd 7Td & (perpendicular)
e PQ @21 PR ® | afs ZQPR 9A®1YT (right angle) 8, @ A &1(®) dwifag a1d 2(F)

(A) 2 (B) 1 (C*) —1 (D) -2
(C)
Line is
x-0 y-0 z-0 _
=TT T = (1)
Qa, a, 1)

/\
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Direction ratio of PQ are
A—a, A—o, A—1
Smce PQ is perpendicular to (1)
A—o+A—0+0=0

A=
Direction ratio of PQ are
0,0, -1
Another line is
x-0 y-0 zZ+1
= = =P  ieeees 2
_1 ] 0 B (2)
’ R (_B! B7_1)

Direction ratio of PR are
A+B,A=B, A+ 1
Since PQ s perpendicular to (ii)
: -A=-B+A-PB=0
=0
o R(0,0,-1)
and Direction ratio of PQ are A, A, A + 1
Since PQ L PR
0+0+A2-1=0=>A1=%x1=8B,C
For A =1 the point is on the line so it will be rejected.
= A=—1.

Hindi. @1

x-0 y-0 z-0
T 11
Qa, a, 1)
PQ® R sru

A—a, A—o, A—1
e PQ, (1) & or=aq @
‘ A—a+A—-—a+0=0

A=
PQ @ & o urd
0,0,x—-1
= G B
x-0 y-0 z+1
R )
R(_B1B1_1)
PR & fq& orurd

A+B,A—B,A+1
gfd PQ, (i) & o ¥aq &

~A-B+r—P=0

B=0

R(0,0,—1) &R  PQ® fo® orurd A, A, L+ 18
ﬂ\ﬁ? PQ L PR 0+0+A2-1=0=>A=+x1=B,C
Ar=13 fou g Y@ w & safon a8 sdierd 8 |
= A=—1.
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27.

Ans.
Sol.

28.

Let a3, b and ¢ be three non-coplanar unit vectors such that the angle between every
pair of them is g If axb+bxc=pa+gb+ré , where p,q and r are scalars, then the value

2 2 2

of M#
q

A191 %5 a, b T ¢ T qFHAMAT (non-coplanar) sHTE wfgewr 2, 99 yd® g9 &

is

qEY BT BT g 2| afg axb+bxc=pa+gb+ré W& p,q vaH r Afger (scalars) 2, dd

p? +2q° +r?
q2

BT H19 B

[JEE (Advanced) 2014, Paper-1, (3, 0)/60]
(4)
pa+gb+réc =axb+bxc
Taking dot product with a,b,¢ we get (a,b,¢ & T 3w o= o W)

q
—+— abc] ... 1
P+ ot 2 = [ ] (1)
p r
= -—=0 ... 2
KRS (2)
%+g+r=[abc] ...... (3)
(H&@B)=>p=r&q=- ()R (3) =>p=r&qg=-p
2 2 2 2 2 2
p+2<2 +r =p+2[;+p 4 Ans
q p
List | List Il
[JEE (Advanced) 2014, Paper-2, (3, —1)/60]
P. Let y(x) = cos(3 cos'x), x e [-1, 1], x = % @ Then 1. 1
2
1 (x2—1)d y(zx)+xM equals
y(x) dx dx
Q. Let A A,,...... , A_(n > 2) be the vertices of a regular polygon of n 2. 2

sides with its centre at the origin. Let a, be the position vector of

n—1 n—1
the point A, k = 1, 2,...., n. If |Y (a, xa.,)[=|D.(aa.,)|, then
k=1 k=1
the minimum value of n is
2 2
R. If the normal from the point P(h, 1) on the ellipse %+y?=1 is 3. 8

perpendicular to the line x + y = 8, then the value of h is
S. Number of positive solutions satisfying the equation 4, 9

is tan‘“(z1 1)+tan‘1(41 J:tan‘{%]
X+ X+ X

/\
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Ans.
Sol.

- 1 & - 1

[JEE (Advanced) 2014, Paper-2, (3, —1)/60]

f?‘ﬁ 1. 1

P. AMMS y(x) = cos(3 cos'x), x € [-1, 1], x # £ —

L{(Xz _1)M+XM} DI HH %_

y(x) dx? dx
Q. AIh ALA,,..... , A, (n>2)Td n oIl A8y (regular polygon) 2.
2

@ ¥ (vertices) & @t o< qafag # 2| 710 f& 3, g
A, k=1,2,..., na Ry afew (position vector) 21 afk

n—1 n—1
(@ xa)| =D (@) B T n F FAaH 7 B
k=1 k=1

R. afe <refga (ellipse) X—;+y—;=1 wR 35 P(h, 1) & Fi=m T 3. 8
AT IGT X + y = 8 TR owaq 8, a h BT A9 8—
af 1 A 1Y a2 :
S. FHIHRUT tan (2X+1j+tan (m)_tan (ij PI AT B dTel 4. 9

gTHS BAl B =T B—

P Q R S
(A) 4 3 2 1
(B) 2 4 3 1
(C) 4 3 1 2
(D) 2 4 1 3
(A)
(P) y = 4x3 — 3x where cos0 = x
dy _ 12x2 -3
dx
2
d—)2/+xﬂ =(x2—=1).24x + x(12x2 - 3)
dx dx

= 36x% — 27x = 9(4x® — 3x) = 9y
Hence l (x _1)dy xﬂ =9

y dx? dx
(Q) |51X52 +52Xé3 +...+5.n_1><én|
=|é1.52 +5.2.é3 +...+én_1.én|

Let =|é1| = |52| ..... = |én| = (as centre is origin)

.-, . 2
More over angle between 2 consecutive a;'s is —

n
Hence given equation reduces to
(n—1)A2sin [Ej = (n—1)A2 cos (2_nj
n n
= tan(EJ=1 = @:E = n=28
n n 4

/\
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2 2
(R)  Equation of normal % _ 3 [Equation of normalis 2% 0¥ _ 52 _ sz

1 X4 Y1
slope = 3% =1 (as it is perpendicularto z + y = 1) = h=2
(S) tan-' 1 + tan- 1 + tan- 2
2X +1 4x +1 x2
1 N 1
2x+1  4x+1 2 6x+2 2
= =— = —_— =
_ 1 X2 8x2+6x X2
(2x +1)(4x +1)
= 3x® + x2 = 8x? + 6X = 3x*—-7x2—6x=0
= 3x2-7x+6=0 (asx=0)
= (x=3)(3x+2)=0 = x=—§,3 (—g is rejectedj
Hindi (P) y=4x3—3x S8l cosh = X
gy =12x2-3
dx
2
IV W e 1) 24x + x(12x¢ = 3)
dx?  dx
= 36x% — 27x = 9(4x® — 3x) = 9y
2
31c: 1 (x2—1)d—)2/+xﬂ =9
y dx dx
Q) |dyxay + 8y x8g +...+8,_4xa,|
=|é.1.é.2 +ézé3 +..+én_1.én|
ao=lay| = 3| .- = [a,| =2 (FfF B, 7o a5 B)
] AN g,'s & He BIVI 2n
n
ara: feg M FHERer B ®
(n—1)A?sin (Ej = (n—1)A2 cos (2—nj
n n
= tan (ﬁj=1 = @:E = n=28
n n 4
2 2
(R)  iffera &1 FHiavo 6h_x_31_y =3 {Equation of normal isﬂ—u:az—bZJ
X4 Y1
HW=%=1(€§\%H€Z+y=1EﬁWﬂ%) = h=2

(S) tan- 1 + tan- 1 + tan- 2
2X +1 4x +1 x2
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29*n.

Ans.
Sol.

30*=.

Ans.
Sol.

1 1
+

2x+1  4x+1 2 6x+2 2
= =— = —— - -
_ 1 X2 8x%+6x x>
(2x+1)(4x +1)
= 3x3 + X2 = 8x2 + 6X = 3IxX¥—-7x2—-6x=0
= 3x2-7x+6=0 (b x=0)
= x=3)(Bx+2)=0 = x=—§,3 (—g is rejected]

In R®, consider the planes P, : y =0 and P, : x + z = 1. Let P, be a plane, different from
P, and P,, which passes through the intersection of P, and P, . If the distance of the
point (0, 1, 0) from P, is 1 and the distance of a point (a, B, y) from P, is 2, then which of
the following relation is (are) true ?

A T f6 R*H P, :y=03RP,:x+2z =173 g9ad 2| a1 & P, T Fadd & Sl FqHqol P,

g P, =1 8 do P, U4 P, & ufqesad (intersection) & wirar 81 Ife fasg (0, 1, 0) & P, &1 g4
T (1) 8 do1 g (o, B, y) & P, &1 g0 a1 (2) 8, a9 f=falad w=g (wwiel) § S @1 (J) dAgfed
B 21 (8) ?

[JEE (Advanced) 2015, P-1 (4, —2)/ 88]

(A)2a+B+2y+2=0 (B)2aa—B+2y+4=0
(C)2a+p-2y-10=0 (D*)200-p+2y—-8=0
(B,D)

LetP,be P,+AP, =0 = X+Ay+z-1=0
Distance from (0, 1, 0) is 1
O+A+0-1

V1422 +1
= -1
2

Equation of P,is 2x -y +2z-2 =0
Dist. from (o, B,y) is 3
20-B+2y-2
3
option (B, D) are correct.

=1

=2 = 20-P+2y=2%6

In R3, let L be a straight line passing through the origin. Suppose that all the points on L
are at a constant distance from the two planes P, : x + 2y —z+1=0and P, :2x -y + z

— 1 = 0. Let M be the locus of the feet of the perpendiculars drawn from the points on L
to the plane P,. Which of the following points lie(s) on M?

A1 f6 R W L U ORA v1 § off & a1 fag @ <t 2 | A4 f6 L & 9 g |waal P, o:ox o+ 2y —
Z+1=0TMP,:2x-y+z-1=0F RR QW2 971 F L & Ig3i1 4 g9« P, W STad
T @ @ uel (feet of the perpendiculars) &1 91 (locus) M & | F=falRad fagell 7 &1 @19 @

@ RgurMRRITE B (B) ? [JEE (Advanced) 2015, P-1 (4, -2)/ 88]
(A*) (0, _§, _gj (B*) (_l, _l, 1} (C) (_§, 0, lj (D) (_l’ 0, gj
6" 3 6° 36 6" 6 373
(A,B)
Let v be the vector along L
i 7 Kk
thenv =1 2 -1 =i-3j-5k

2 -1 1

/\
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Hindi.

31~

Ans.

Sol.

So any point on line L is A(A, — 3, —51)
Foot of perpendicular from A to P, is

h-2 k-3, _(+5n  (A-Br+50+1)  f

1 2 -1 1+4+1 )

h=h- 2 k=-8h—1  (=-5L+ L
6 3 6

so foot is [k—%,—Sk—l,—&wlj

3 6
So (A, B)
AMT L& argfeer dfew v L
i ]k
gV =1 2 -1=i-3]-5k
2 -1 1

d: LR &8 fag A(L, — 3a, —50) B
A¥ PWR UK
h-A k-8, _(+5r  (A-Br+50+1)  f

1 2 -1 1+4+1 6

hehe + ke—8h—t  r=—Br+ L
6 3 6

37 o UTE [x-%,-sx-%,-sm%} 21 o1t (A, B) fadey w2 1

Let APQR be a triangle. Let a=QR,b=RP and ¢=PQ.

b.c =24, then which of the following is(are) true?

=12 =2
(A%) %—|a|=12 (B) %+|é|:30
(C*) |axb+céxal=48{3 (D*) a.b=-72

If |al = 12, |bl=443 and

71 f& APQR T& 3t 21 711 f& 4=QR,b=RP 3R ¢=PQ 2| af¥ |a| = 12 |b|=43 3R
b.c =24, 9 f=faRad & & &9 &1 (@) 98 & §)? [JEE (Advanced) 2015, P-1 (4, -2)/ 88]

=2 =2
(A) %-@:12 (B) %+|é|=30

(C) |axb+Cxal=48{3 (D) a.b=-72
(A,C,D)

[
+
(op
+
ol
1]
IO

b+c=-a
48 + + 48 = 144
c? =48

c*| =43

cil
oo

Further I=fd

la =24 -12=12 Ans. (A)

/\
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a+b=—¢
= 144 + 48 + 2ab
= 48
= ab = -72 Ans. (D)
a+b+¢é =0
= axb+axcé =0
axb+cxd = 2 = 2.[144.48- (72 - 48/3 Ans. (C)
32. Column- I Column-II
(A) In R2, if the magnitude of the projection vector of the vector (P) 1
ai+pjon Bi+]jis 3 andifa=2++3 B,
then possible value(s) of |a] is (are)
(B) Let a and b be real numbers such that the function Q) 2
2
f(x) = 1738 =2 X<T o ifferentiable for all x < R,
bx+a? , x>1
Then possible value(s) of a is (are)
(C)m Let =1 be a complex cube root of unity. (R) 3
fFB-3w+20?)" %+ (2+30—30?)*"*%+ (-3 + 2w + 30?)*+2 =0,
then possible value(s) of n is (are)
(D) Let the harmonic mean of two positive real numbers a and b be 4. (S) 4
If g is a positive real number such that a, 5,9, b is an arithmetic
progression, then the value(s) of |q — a| is (are)
(m 5
[JEE (Advanced) 2015, P-1 (2, —1)/ 88]
Pl -1 Pie-II
(A) A6 ReH, Afy 9w of +p] &1 Afew Bi+] W udy P) 1
Hfer (projection vector) @1 TRATT (magnitude) 3 8 3R
I a=2+ B3 B B, 9 |a| B GHT AF B ()
(B) A 5 IRafde @ a iR b 39 UBR & fh B Q@ 2
_3ax? — 1
fx) =1 S 72 X< R forg amer 2
bx+a® , x>1
T o & GG A B (2)
(Cra. AT fF 0= 1, SHE (unity) BT T& AR g9 B | I (R) 3
(3—30 +20?)*+3+ (2 + 3w — 30?)* 3 + (=3 + 200 + 3w?)*"+3 = 0,
T nd 9G¥ A B (B)
(D) A fF 1 eFIHS IRAAS GG a 3R b BT EXTHS AT 4 2 | (S) 4
Il UF oIS IRAIS G q 39 UBR ' f5 a, 5,9, b TH
TR A9 B T4 g —a| BT (B) T4 7 (B)
® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jh
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[JEE (Advanced) 2015, P-1 (2, —1)/ 88]

Ans. (A)—»PQ;(B)—P,Q;(C)>PQST;(D)>Q,T

(ahm){MJ:ﬁ L Basp-i283

Sol. (A) 5

\/§a+[a\_52]=i2\/§

= Ba+a—-2=%6 = 40 =8, -4 = a=2,-1
(A—>P,Q)
(B) Continuous 3q = -3a-2=b+a?

differentiable 3a@wer-ia = —-6a=b= 6a=a2+3a+2

= a?-3a+2=0 = a=1,2

(B—>P,Q)

2ab :
(D) —=4 = ab=2a+2b ... (i)

a+b

gq=10-a and Ter 20=5+Db
= 20-2a=5+b = 15=2a+b ... (i)
From (i) and 3R (i) ¥ a (15 — 2a) = 2a + 2(15 — 2a)
= 15a-2a?=-2a+30 = 22-17a+30=0 = a=6,g

5
= q=4,§ = lg—al=2,5
(b—->Q,T)
(©) Let a= 3-30+ 2w
an=30-30?+2
aw? =30’ -3 + 20

NOW a4n+3 (1 + 0)4x+3 + (0)2)4n+3) = O
= n should not be a multiple of 3
Hence P, Q, S, T

33. Column-1 Column-II

(A) In a triangle AXYZ, let a, b and ¢ be the lengths of the sides (P) 1

opposite to the angles X, Y and Z, respectively. If 2(a2 — b?) = ¢?

and A = M , then possible values of n for which

i

cos(nmA) = 0 is (are)
(B) In a triangle AXYZ, let a, b and ¢ be the lengths of the sides Q) 2

opposite to the angles X, Y and Z, respectively. If

1 + cos2X — 2co0s2Y = 2sinXsinY, then possible value(s) of %

is (are)
(C) InRelet 3i+],i++3]and B i+(1-B) ] be the position vectors R 3

of X, Y and Z with respect to the origin O, respectively. If the
distance of Z from the bisector of the acute angle of OX and OY
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Ans.
Sol.

is , 3 then possible value(s) of |B]| is (are)

NA

(D) Suppose that F(a) denotes the area of the region bounded by (S) 5
x=0,x=2,y2=4xandy = |ox — 1] + |ax — 2| + ax, where

a € {0, 1}. Then the value(s) of F(a) +§\/§ , when o =0 and

a=1,is (are)
(m 6
[JEE (Advanced) 2015, P-1 (2, —1)/ 88]
Ple -1 Pl
(A) AT 5 Td Brgst AXYZ # @Ivl X, Y 3R Z 3 A @ oreil & (P) 1

AT HAY: a, b 3R ¢ § | AMIG 2(a? — b?) = 2 3R

=%%|Hﬁcos(nnk)=oaﬂ nN® G4 71 8 ()

(B) A 6 g Bt AXYZ H @10l X, Y IR Z & AF 1 Tl @l Q@ 2
ST I a, b 3R ¢ 81 IfX 1 + cos2X — 2cos2Y = 2sinXsinY

GE| %zﬁﬂ'ﬂamﬂ%‘(?)

(C) w e R H, g fisg O wmeryBi+j,i+43] R B i+(1-p) § (R} 3
Hae: X, YR Z & Rerfey afder (position vectors) 2 | afe OX 3k OY

z%mgaﬁw%%mwﬁzﬁqﬁ%aaﬁ|B|aﬂ($)wawrrr%(§)

(D) w1 f% F(o) S9 83 & &a3F%d $I go0fal 8 (S) 5
X=0,x=2,y2=4x 3R y=|ox — 1| + |ax — 2| + ax, & ORI %,

et a e {0, 1} 21 a=03ﬁ?a=1$%l‘§’F(a)+%\/§?ﬂ(?ﬁ)

74 ® (B)
(m 6
(A)>P,RS;(B)—»>P;(C)->PQ;(D)>S, T
(A) y
AN
A a— z
Given 2(a? — b?) = ¢?
= 2(sin2x — sin?y) = sin?z
= 2sin(x + y) sin(x —y) = sin?z
= 2sin(m — z) sin (x — y) = sin?z
z -  sin(x-y) =Si¥ (i)
also given,

/\
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Vector & Three Dimensional Geometry / “_

sin(x—9_1
sinz 2
Now, cos(nzni) =0

= cos (n—nj =0
2

n=1,3,5 (A > P,R,S)

A=

X

A

(B) YTa Z

1 + cos2X — 2cos2Y = 2sin X sin'Y

2c0s2X — 2co0s2Y = 2sinX sinY

1 —sin2X = 1 + 2sin2Y = sin X sinY

sinzX + sinX sinY = 2sin2Y

sin(sinX + sinY) = 2sin?Y  sinX = ak, sinY = bk

a(a + b) = 2b?
a? + ab - 2b? =
2
(9j+3—2=o
b b
L
b
a
2y B P
b (B —>P)

Hence equation of acute angle bisector of OX and OY is y = x
Hence x -y =0

Now, distance of [37+(1—[3)] =z(B, 1 -B) fromx —yis %‘:%
2B - 1] =3

2B — 1 = %3

2B = 4, -2

B =2, -1

Bl =2, 1 Ans. (P,Q)

v§3)

s — /1)

309

(D)
Fora =1

3-x ; x<1
y=Xx—-1]+x-2/+x=49 1+x ; 1<x<2

3x-3 ; x=22
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Vector & Three Dimensional Geometry /

Hindi.

y’ = 4x

1

A=5—§\/§

F(1)+%J§ =5

Fora=0,y=|-1|+|-2/=3

2
A= 5(2+3)x1+%(2+3)x1—£2ﬁdx

y=3 I y*=4x
< 5 > >
‘ 8
A=6-j2&dx = A=6-_\2
0
F(0)+§J‘=6 (D= s, 1)
(A)
X
AN
Y c Z
fam ™ ® 2(a2 - b?) = ¢
= 2(sin2x — sin?y) = sin?z
= 2sin(x + y) sin(x —y) = sin?z
= 2sin(m — z) sin (x — y) = sin?z
z —~  sin(x-y) = % (i)
I8 ff 914 2,
de—9_1
~ sinz 2
g, cos(nwr) =0
= cos(n—nj =0
2
: n=1,3,5 (O—)P,R,S)

/\
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Vector & Three Dimensional Geometry /

(B) a7

1 + cos2x — 2co0s2y = 2sin x sin y
2c0s?x — 2c0s2y = 2sinx siny

1 —sin?x — 1 + 2sin?y = sin x sin y
sin2x + sinx siny = 2sin?y
sin(sinx + siny) = 2sin2y
a(a + b) = 2b?
a2+ab-2b2=0

sinx = ak, siny = bk

1 + cos2x — 2cos2y = 2sin x sin y
2c0s2x — 2c0s2y = 2sinx siny

1 —sin?x — 1 + 2sin?y = sin x sin y
sin2x + sinx siny = 2sin?y
sin(sinx + siny) = 2sin?y
a(a + b) = 2b?
az+ab-2b2=0

2
(éj L2 oo
b b

sinx = ak, siny = bk

ol o|o

-1 (B > P)

(C)
3 OX AT OY & W&l =Y BV & &P Bl FHIBRI Y = X © |
dd:x -y =0

\ . B—(1-B)| 3
€, Bi+(1- =z(B, 1 -B) P X—yd — =
Bi+(1-B)j (B B) yd g ‘ N NA
v§3)
60— x(3.1)
| 309
2B —1]=3
2B —1 =13
2B = 4, -2
B =2, -1
Bl =2, 1 Ans. (P,Q)
(D)
3-x ; X <1
Foroa =1 y=x—-1]+x-2|+x=9 1+x ; 1<x<2
3x-3 ; x=2
® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jh
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Vector & Three Dimensional Geometry / “_

34.

Ans.
Sol.

Ans.
Sol.

y’ = 4x

2
A= %(2+3)x1+%(2+3)x1—£2ﬁdx

A=5—§\/§

F(1)+ =5

B felQa=0,y=|-1+]-2/ =3

y=3 — y*=4x

= >
f 8

A =6-[2\xax > A=6-2\2
0
F(0)+§J—=6 (D> s, 1)

Suppose that p,q and r are three non-coplanar vectors in R3. Let the components of a
vector s along p,q andr be 4, 3 and 5, respectively. If the components of this vector s
along(—p+q+r),(p—q+r) and (-p—qg+r) are x, y and z, respectively, then the value of
2X +y +zis

A1 f5 Re H, p,q R r OF swde Afew B w4 & Afew & gead wEma | p,g 91 @
e P 4, 3 T 5 ©| AR & USH HAN AR (—Pp+q+r),(p—q+r) T (-p—q+r) &
IfCT HAM: x, ydA 28, I 2x +y + 2 H1 A4 5| [JEE (Advanced) 2015, P-2 (4, 0) /
80]

BONUS

This question in seem to be wrong but examiner may think like this

T8 §¥ AT &7 VT & Yy YVEFH §9 FHIY @ aHar &/

BONUS

This question in seem to be wrong but examiner may think like this

I8 J¥7 7T 7 V&l & Uy GOEd §¢ PN 6T GHhal &/

S=4p+3q+5rF

S=x(-p+q+1)+y(E-G+F)+2(-p-G+1)
X+y—z=4 ... (1)

X-y-z=3 ... (2)

X+y+z=5 ... (3)

add (1) and (2)

(1) 3R (2) BT et W

/\
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35*.

Ans.

Sol.

2z=7= z=—Z
2

2x=8 = x=4
y+z=

2X+y+z=24)+1=9

Consider a pyramid OPQRS located in the first octant (x > 0, y > 0, z > 0) with O as origin, and OP and
OR along the x-axis and the y-axis, respectively. The base OPQR of the pyramid is a square with
OP = 3. The point S is directly above the mid point T of diagonal OQ such that TS = 3. Then

(A) the acute angle between OQ and OS is g [JEE (Advanced) 2016, Paper-1, (4, —2)/62]
(B*) the equation of the plane containing the triangle OQS is x —y =0

(C*) the length of the perpendicular from P to the plane containing the triangle OQS is 3

V2

(D*) the perpendicular distance from O to the straight line containing RS is %

IR BINR, & FATHR (pyramid) OPQRS ST WM i<ierd (first octant) (x > 0,y >0,z > 0) § Red w,
fH O 7afa=g (origin) T2 OP 3R OR HH: x- 318 3R y- 38 W & | 39 AR BT IR (base)
OPQR ©& a4 (square) & i@ OP =3 ©| fdg S &vi (diagonal) OQ & #eafdg T & b HUR 9
yoR & &6 TS=3%, @9

(A) OQ 3R OS & dI= &1 JADIU (acute angle) g 2

(B) s OQS &1 37dfdwe (contain) HRA dTel FATA BT FHIGI X —y =07

(C) P ¥ st OQS &1 fafde = arel THad R oI B oy % 2

(D) O & RS &1 aidfdse &l g8 el %@Tﬂ%ﬂ?ﬂaﬁfgﬁg 2 |

(B,C,D)
R(0, 3, 0) Q(3,3,0)
3
253
o) P(3,0,0)

S

33 3|5 0Q = 3i+3] = &=§?+§]+3R
2" 2 2 2

/\
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1.1
2. =+ +1 2.|=
‘F\/2+4+ \F\/;
A =0Qx0S = (i+])x(i+]+2Kk) = k—2j—k+2i = 2i - 2j
X—y=2A = X=y = L(300):>i
b b \/5
Rg» X-0_y-3_2-0_, S x=3y=-31i32-3
3 3 3 2 2
2 2
T distance (&) = E—3+9 = %
(0,0,0,)

g}»,—§7\+3, 3\
2 2

2
D=g?»2+ 3—§7» +9x2=gx2—9x+9 = 7u=i=l
4 2 2 27 3

36. Let P be the image of the point (3, 1, 7) with respect to the plane x — y + z = 3. Then the equation of the

plane passing through P and containing the straight line ?: % :% is

A 6 g (3,1, 7) @1, W9ad x —y + z =3 & AUE (with respect to), fdfd= (image) P 8| @@ fag P

H TORA dTel AR TR T ?:%:% DI GRUT B qTel FAAA BT TAIBRI 2—

[JEE (Advanced) 2016, Paper-2, (3, —1)/62]
(A)x+y-3z=0 (B)3x+z=0 (C)x—4y+7z=0 (D)2x-y=0

Ans. (C)
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Vector & Three Dimensional Geometry / “_
Q (3,1,7)

X-y+z=3

Sol.

=_17y=5az=3 P(_1,5,3)

a(x+1) +b(y—=5)+c(z-3)=0

a+2b+c=0 .ooiiii (i)
a-5-3c=0
a_b_c
-1 4 -7

—(x+1)+4(y-5-7(z-3)=0
—X+4y-72=0

Xx—4y+7z2=0

37*.  Let (=u,i+U,j+Uu,k be a unit vector in R®and W = % i+]+2k . Given that there exists a vector ©
in R3 such that |ﬁ><% |:1 and w. Gx® =1. Which of the following statements(s) is (are) correct?

(A) There is exactly one choice for ¥
(B) There are infinitely many choices for such © [JEE (Advanced) 2016, Paper-2, (4, —2)/62]

(C) If G lies in the xy-plane then |u,| = |u,|

(D) If G lies in the xz-plane then 2|u;| = |u,]
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Ans.

Sol.

A f6 RH O =u,i+Uu,j+U,k T Ad AR (unit vector) & 3R W= i+]+2k 2| famn gemm 2

J6
6 R wfew &1 o 39 gbR 8 b [0 | =13 W. Gx0 =1%| FrfaRad 4 & aF @1 ()

U T8 B (8)?

(A)SAE ISR & 0 & oIy 31F TH (exactly one) T4 9T B |
(B) S YR & ¥ & forT 3= (infinitely) @ w¥d 2 |

(C) AR xy- FHae R & T4 |uy| =|u,| B

(D) AL xz-THTd WR & T4 2Juy| =|us| &

(B,C)

[UxV|=1

[v] sin 6 = 1 0 is angle between G&V 6, G& VD 7T DIV % |)
Also eI, W.(UxV) =1

|[W |G| |V]|sin®cosa=1 a is angle between W & ((xV) (a, WllR ((xV)® HET BT 2 )

1.1(1)cosa =1 = = UxV =AW | where <& A>0

i k
] }\. T c » . . " 7\. T c "
Uy U, Ug|=-—F= (I + ] +2k) (U2vz — UaVy) i + (Usvx — U1Vz) | + (U1Vy — U2vx) K = — (I + ] +2k)
6 J6
Ve Vy Vg
(B) v is a vector such that (G xV) is parallel to W .

(B) VEE UBR 8 fd (GxV),W & FH=R 2 |

A A
(C) Us=0 = UaVz= ——= & -UtVz = —= = [us |=|uy |

% %

(D) |u1]| = 2|us] (v u2=0)

/\
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38.

Ans.

Sol.

39.

Let O be the origin and let PQR be an arbitrary triangle. The point S is such that
OP. 0Q + OR. OS= OR.OP+ OQ. OS= OQ.OR + OP.0OS

Then the triangle PQR has S as its [JEE(Advanced) 2017, Paper-2,(3, —1)/61]
(A) centroid (B) orthocenter

(C) incentre (D) circumcenter

AT f% O A5 (origin) & Ta¥ PQR T& wWfeed 3y (arbitrary triangle) 21 fi<g S 39 yaR 2 f&
OP. 0Q + OR. OS= OR.0OP+ OQ. OS= OQ.OR + OP.0S

a9 fo<g S st PQR &1 &

(A) B (centroid) (B) @@= (orthocenter)
(C) 3rT:®== (incentre) (D) gRgT@®—= (circumcenter)
(B)
P(p)
Q) R(F)

Pg + .S = 1P +GS = G +pS
= p.(4-r) - 8(d-r) =0 = PS.QR =0
Similarly 3 ¥&R PQ.SR =0

= S is orthocentre of the triangle (S, BYS &1 o == BIM)

The equation of the plane passing through the point (1, 1, 1) and perpendicular to the planes
2x + y—2z =5 and 3x — 6y — 2z = 7, is [JEE(Advanced) 2017, Paper-2,(3, —1)/61]

FATA! 2X +y — 2z =5Tdq 3x— By — 2z =7 & o=dq 3R A5 (1,1, 1) ¥ ToR Tl FAAA BT FHIHIT &
(A) 14x + 2y — 152 = 1 (B) —14x + 2y + 152 = 3
(C) 14x — 2y + 152 = 27 (D) 14x + 2y + 152 = 31

/\
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Ans. (D)

Sol. Let plane be

ax—1)+b(y-1)+c(z-1)=0

i k
Now, direction ratio of its normal = |2 1 2| = i(-14)= ] (2) + k (-15)
3 6 -2
So, -14(x—1)-2(y—1)-15(z=1)=0
14x + 2y + 15z = 31
Hindi. (D)
HAT FHAA
ax—1)+b(y-1)+c(z-1)=0
i ]k
aftrers @ fgwrea = 2 1 2| = | (<14) = }(2) + k (~15)
3 6 -2

3, —14(x—-1)-2(y—-1)-15(z-1)=0
14x + 2y + 15z = 31

Comprehension (Q.40 & 41)

Let O be the origin, and OX, OY, OZ be three unit vectors in the directions of the sides QR, RP,PQ,
respectively, of a triangle PQR.

ITHT (Q.40 & 41)

#1+1 f& O HAfIg (origin) & T OX, OY, OZ %wer: B3y PQR @ 4ol QR, RP, PQ, @) faemet & =
UH®H A (unit vectors) B |

40. If the triangle PQR varies, then the minimum value of cos(P + Q) + cos(Q + R) + cos(R + P) is
[JEE(Advanced) 2017, Paper-2,(3, 0)/61]

afe Byst PQR uRadt 8 (If the triangle PQR varies), T4, cos(P + Q) + cos(Q + R) + cos(R + P) &1

=[Aq¥ 949 (minimum value) 8 Vector
3 3 5 5
(A) -3 (B) > (C) 3 (D) — 3
Ans. (A)
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Sol.

41.

Ans.

Sol.

42*,

R

P Q

cos(P + Q) + cos(Q + R) + cos(R + P) = —cosR — cosP — cosQ

In any fa¥1 39S 7 A, max of cosP + cosQ + cosR = %

. . L 3
So minimum value of the given expression is -3

I Ry MY ST BT REAAH A —%

| OX xOY|= [JEE(Advanced) 2017, Paper-2,(3, 0)/61]
(A) sin(P + Q) (B) sin(P + R) (C) sin(Q + R) (D) sin2R

(A) Vector

0z
oy

A

OX
CcosR =— OAX. OAY
— |cosR| = | OX. OY |

|OX x OY | =|sin R| = [sin(r — (P + Q))| = [sin(P + Q)| = sin(P + Q)

LetP1:2x +y—z=3and P2: x + 2y + z = 2 be two planes. Then, which of the following statement(s) is

(are) TRUE? [JEE(Advanced) 2018, Paper-1,(4, -2),60] [Vector]
(A) The line of intersection of P1 and P2 has direction ratios 1, 2, — 1
(B) The line % = % = % is perpendicular to the line of intersection of P+ and P2

(C) The acute angle between Py and P2 is 60°
(D) If Ps is the plane passing through the point (4, 2, —2) and perpendicular to the line of intersection of

P1 and Pz, then the distance of the point (2, 1, 1) from the plane Ps is 2

7

/\
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Ans.

Sol.

43.

AMIG Pr:2Xx+y—-2z=33R P2:x+2y +2z=2% 99dd (plane) ¥ | a9 fr=ifalRaa # & s« ()
FHUT I B(E) ?

(A) P13k P> a1 gfa=eed v (line of intersection) @ f&@-arura (direction ratios) 1,2, -1 2|

(B) =@ 3X9_4 = % = % Py 3R P, @ ufiesest v@r W ofwaq  (perpendicular) 2 |

(C) P1 3R P2 @ &1 &1 <[ $IV (acute angle) 60° 2 |
(D) Ife |xaa Ps, g (4, 2, —2) ¥ ToiRaT & T Pq 3R P, @ Ufieees Y@ & ow=aq 2, @9 g

(2,1, 1) & wAdA Ps A %%H

(CD)
Direction ratio of common line is n1 x n2

Jufe v & & 31U ni x n2

ik
2 1 —1=i@)-iB)+kB3) =3(i—j+k)
12 1

x—4/3 -1/3 z
®) -2
3 -3 3
This is parallel to line of intersection
T8 ufres s YW@ & FHRR R |
XiX 2+2-1 3 1 T
(C) cosf= ——-2 _ = =2 - = 0= —
% |1X,] J66 6 2 3

(D) Ps:x—y +z = satisfy Gg< &1 B (4, 2, -2)
4-2-2=L = Xx-y+z=0

2

NG

2-1+1

B

21,1)1L=> ‘

Let a and b be two unit vectors such that a.b=0. For some x,y € R, let ¢ = xa+yb+(axb). If

|c| =2 and the vector ¢ is inclined at the same angle o to both a and b, then the value of 8 cos?a is
[JEE(Advanced) 2018, Paper-1, (3, 0), 60] [Vector]

AR 4 3R b 1 W THIE AR (unit vector) ® fF a.b=0. F& x, y € R & fow amnfb

C=xa+yb+(@xb).a¥ |¢| =2 R wfkw ¢ @fe= a 3R b I & AT FAE P o 7 B, TG

8 cos2a, BT A 2

/\
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Vector & Three Dimensional Geometry /

Ans. (3)

Sol. c=xa+yb+axb & ab=0

A

b'¢

Q)
Ol
I

o

Ol
Q!
Il

¢.b=2cosa =

X =Yy = 2cosa

6" =x?+y?+|axb [ =2(4cos?a) + 1 -0

4 = 8cos?o. + 1 =

8cos2a. =3

44, Let P be a point in the first octant, whose image Q in the plane x + y = 3 (that is, the line segment PQ is
perpendicular to the plane x + y = 3 and the mid-point of PQ lies in the plane x + y = 3) lies on the
z-axis. Let the distance of P from the x-axis be 5. If R is the image of P in the xy-plane, then the length

[Vector] [JEE(Advanced) 2018, Paper-2,(3, 0)/60]

of PR is

AT % P wem sy (first octant) W U@ fdg &, foad1 @99dd (plane) x + y = 3 # ufdfe= (imgae) Q

(1T I@TETS PQ I9AA X +y = 3 ® o=ad © AR PQ &1 77 g ¥99dd x + y = 3§ Rerd ) z-31&
(axis) TR Rerd 8| AT f6 P 1 x-31eT ¥ U 55| AT P &1 xy-9Aqa ¥ Ufdfe R &, 99 PR a91E ©

Ans. (8)

Sol. P(o, B, v)
R(o, B, -v)
Q

X—o_y-f_z-y_ —2(a+p-3)

1 1 0

Xx=3-B,y=83-a,z=y

2

QB -, 3—a, ) lies on z —axis

Q(B-=P,3—-0,7), z3e R Rerd g1

B=3,a=3

P(3, 3, y) distance from x-axis is 5

P(3,3,7), x-318T 4 X 58|

9+y2=25

=16 = y=4
P(3, 3, 4) PR=8
R(3, 3, -4)
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45.

Ans.

Sol.

Consider the cube in the first octant with sides OP, OQ and OR of length 1, along the x-axis, y-axis and

z-axis, respectively, where O(0, 0, 0) is the origin. Let S [%%%j be the centre of the cube and T be

the vertex of the cube opposite to the origin O such that S lies on the diagonal OT. If p = SP, g =
SQ, r = SR and t = ST, then the value of |(pxq) x (F xt)| is . [JEE(Advanced) 2018,
Paper-2,(3, 0), 60]

T TSI (first octant) § T YW O (cube) W IR SRR, fraa! qomsii (sides) OP, OQ 3R OR @t
TS 18 3R S P x-31& (axis), y-3i&T 3R z-31e1 & ¥ (along) &, FT&f O(0, 0, 0) JaAfS=g (origin)

21 9 f% B9 &1 b5 (centre) S[l,1 1

5 E’Ej g, 3R ¥ (vertex) T qafd5 O & A=A (opposite) Tl T8

oY ® f fdg S fawvi (diagonal) OT o= Rerd 81 af p = SP, g =SQ, fr = SR 3Rt = ST 4
(pxq)x (Fxt) dITAFE |

(0.5)
0,1,0)
Q
T(1,1)1)
0(0,0,0) P(1, 0, 0)
R
0,0, 1)

point fa=g S(l ! 1j

2'2°2

point fd=g T(1,1, 1)

A |—j—R
P 2
o —i+]j-k
=SQ=
9 2
ap_ ik
2
ar_iritk
T2

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Bespbnance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
ucating for better tomorrow I 2o "800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

46.

i k

- : 1 i+ j

Now 39 pxq=|1 -1 —1{x— = —(2i+2))=—
-1 1 -

—_

Let L and Lo denote the lines r = | + A(=] +2] +2Kk), ke Rand r = u@i — ] +2k), pe R
respectively. If Lz is a line which is perpendicular to both L1 and L2 and cuts both of them, then which of

the following options describe(s) Lz ? [Vector] [T] {Vector[VT-SL]-T-305}

[JEE(Advanced) 2019, Paper-1,(4, —1)/62]

Ans.

Sol.

AT b Ly R Lo shaer PRI 3@ ¥ 0 r = | +A(=i +2] +2K), A e RaR r =p@i = ] +2k), neR
I L3 TH Y@ & S L1 3R L2 91 @ of'9ad g 38R SF1 &l Predl &, a9 =faRad fdwedi § 4 &9
A1 () LsdT F6fid dwrar (d-d) & (8) ?

(A)?=%(2?+R)+t(2?+2]-l€),teR
g 2 K 2 ~ ° T 0
B) F = S@i+]+R)rt@i +2] K)teR
- 2 - 2 " h " »
C) r =§(2I—j+2k)+t(2l+2J—k),’[eR
D) r =t@i +2j —k),teR
(ABC)

Both given lines are skew lines.
So direction ratios of any line perpendicular to these lines are 67+6]—3R

<2,2,-1>

Points at shortest distance between given lines are

/\
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A (1-1, 2),2)0)

AB L line L

AB L line L2

SOA[

©| o
ol

)

2
195

Now equation of required line T = (gf + g] + gRj + a(zi +2j— R)

Now by option B, C, D are correct.

Hindi. & 7 <41 Y@ fAvg dofig Y@ 2 |

gafery el Y@ fgepargurd g7 Y@wRil & ow¥ad 21 6i +6) -3k

<2, 2,-1>

& T Y@l & we dgad 10

A (1-x, 2),2))

L1

Lo

B (2u, —u, 21)
PTéJ. T Ly
A_B’J_%@TLz
822
3{ E ZA PN
(9 9 9)

F=[ 210274 2k )+ ool + 2] k)
9 979

47. Three lines are given by

{Vector[VT-PL]-M-303}
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Ans.

Sol.

48.

F =i, A eR
F=p(i+j),neRand F=v(i+]+k), veR

Let the lines cut the plane x + y + z = 1 at he points A, B and C respectively. If the area of the triangle
ABC is A then the value of (6A)2 equals .......... [JEE(Advanced) 2019, Paper-1,(4, —1)/62]

M Y@ B
F =i, eR
F=p(i+j),neRand T=v(i+]+k), veR

gR1 & A F | A 5 Y@ wHaa (plane) x +y + z = 1 ® HH: IGai A, B3R C R Fredh 21 Al
3191 ABC &1 &A% A § A9 (6A)2 BT A RN ..........

(0.75)

Put(x,0,0)inT@I W x+y+z=18 =i=1=P(1,0,0)
,1,0]
2

Put (u, p, 0) @I WX =2u=1 :Q[

N =

Put (y,y,y)?@ﬁ R =>v=— = R(

W| =
W] =

1
531

W=

Area of triangle ST PQR &1 &3hdl = %‘%x P_Fi‘ =

EIes

1
2

V3

l‘h]ﬂ%‘:—: (6A)2 = 0.75
12 12

Three lines
Li:f=Ai, eR

Ll:f= k+uj,ueRand

La:F=i+]+vk veR.

are given. For which point(s) Q on L2 can we find a point P on L1 and a point R on Ls so that P,Q and R
are collinear. [Vector_M] [JEE(Advanced) 2019, Paper-2 ,(4, —1)/62]{[VT-CL]-M-
303}

GIERSCIN
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Li:f=Ai,reR

Lo:T= K+pj,peRae

Ls:T=i+]+vk veR.

A B s P9 fig (b7 fagel) Q & fow &4 L1 R & fag P, 3R Ls R U&p fdg5 R ora o~
Jqpd | afd P, Q 3R R & (collinear) & <Y ?

(A) R+%I (B) k+j (C) k (D) k-—]

Ans. (AD)
Sol. P(x, 0, 0)

QO, u, 1)
R(1,1,7)
PO-kPR = -
A-1 -1 —vy
1 1
=1+ T Mo = p cannot take value of 1 and 0
- Y

=, 1R 0AN T8 o Fqobar g |

49. Let a= 2i+j-k and b=i+2j+k be two vectors. Consider a vector ¢ = ad+Bb, «, B € R. If the

projection of ¢ on the vector (3+b)is 3+2, then the minimum value of (¢ —(axb)).¢ equal to
I d= 2i+)—k dAT b=i+2j—k 3 Gy A gu 2 71 ve WY ¢ 39 UBR 2 6 S=aa+pb, o,
B e R AR Afw ¢ &1 ART (A+b) W u&Y 342 & & (G —(axDb)).¢ BT g=7aH A ENTI—

Ans. (18.00) [JEE(Advanced) 2019, Paper-2 ,(4, -1)/62]
[Vector_M] {[VT-DP]-M-303}

Sol. G=a(2i+]j-K) + B(i+2j+k)

= G = (20 +P)i + (o +2B)j + (B — o)k

M=3\/§:> Yo +B) =18 = a+B=2
|a+b|

(G—axDb).C = (0@+Bb—axb) . (ad+pb) =6a2 + 60p + 6B2 =6[a2 + a2 — a) + (2 — 0)?]

= 6(a? — 20 + 4) = min value 18
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PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

AT - Il : JEE (MAIN) / AIEEE (05l auf) & ued

Ans.
Sol.

Ans.
Sol.

Ans.
Sol.

Let a=j—k and ¢ =i—j—k. Then the vector b satisfying axb+¢=0 and a.b=3 is
A a=j—KaA G=i—j—k a1 AR b S axb+c=0 dAT a.b=3 B A< BT B, BN
[AIEEE 2010 (4, —1), 144]

(1) 2i—j+2k () i-j-2k (3) i+j-2k (4" — i+j-2k
(4) B )

Since axb+c¢ =

— ax(axb)+axc=0 = (@ . b)a—(a . a) b+axc=0

Since axc = 2i—j-k
= 3(j-K)-20-2i-j-k=0 =b=-i+j-2k
Hence correct option is (4)

3ra: wel fdwea (4) 2 |
If the vectors & = i—j+2k, b =2 i+4j+k and ¢ =\Ai+|+pk are mutually orthogonal, then (. , 1)
e afder a = i—j+2k, b =2 i+4]j+Kk T ¢ =i+ |+pk TRER T=HONT B, @1 (A, p) SRTER 28—
[AIEEE 2010 (4, 1), 144]
(1) 2,-3) (2) (-2,3) @) 3,-2) (4) (-3, 2)
(4) )
a, b, ¢ are mutually orthogonal TRER o*=aq & |
. a.c=0 = A—1+2p0=0 ... (i)
and Ter
b.c=0 = A+4+pu=0 ... (ii)
solving (i) and (ii), we get =—3andu=2

() @ (i) DT & FA W A=—3 AT p=2
Hence correct option is (4)

ra: |8 fadweu (4) B |

Statement -1 : The point A(3, 1, 6) is the mirror image of the point B(1, 3, 4) in the plane x —y + z = 5.
Statement -2 : The plane x — y + z = 5 bisects the line segment joining A(3, 1,6) and B(1, 3, 4).

(1*) Statement -1 is true, Statement-2 is true ; Statement -2 is not a correct explanation for Statement
-1.

(2) Statement-1 is true, Statement-2 is false. [AIEEE 2009 (4, -1), 144]

(3) Statement -1 is false, Statement -2 is true.

(4) Statement -1 is true, Statement -2 is true; Statement-2 is a correct explanation for Statement-1.

YHAA-1: GAd x —y +z =5 fag B(1, 3, 4) &1 <dvr yfafe= fag A3, 1, 6) 2|

YHYA-2 : FHAA X —y +z =5, A(3, 1,6) @21 B(1, 3, 4) B @™ dTel Y@RIvS 1 FAAGHIRTT HRaT 2 |
(1) UhUF-1 9 &, UhIA-2 I B ; YHYUA-2, UHYH-1 & Fel ARAT T8 2 |

(2) YHUF-1 T &, UHH-2 e 7 |

(3) UHUH-1 a1 B, UHU=-2 9 ¢ |

(4) UHYH-1 I 8, THAF-2 A § ; THAF-2, UhIF-1 B F&! AR 8 |

(1)
Let image be (o, B, y)

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Besfobnance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
ucating for better tomorrow I 2o "800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

Hindi

Ans.
Sol.

Sol.

o-1_ B-3 y-4 __2[1—3+4—5
T 11 3

a-1_B-3 _y-4 _,

- =
1 —1 1
= a=3,p=1,y=6
= A(3, 1, 6) statement 1 is true

Now midpoint of A(3, 1, 6) and B(1, 3, 4) is (2, 2, 5)

equation of planeisx—y+z=5

coordinates of midpoint lies on the plane so plane bisects the line segment AB. But it is not correct
explanation of statement-1

Hence correct option is (1)

A1 gfafes (a,B,y)%\'Fﬁ

a-1_PB-8 _y-4 __,(1-3+4-5
I

a=3,p=1,y=6

A3, 1,6) H2H -1 9T 2 |

A@3, 1,6) 3R B(1, 3, 4) &1 71 g (2,2, 5) 2 |

A DT FHIBIT X —y +2=5

7 fdg & e 99da W) Red § s9fely |Aae varEgve AB &1 FAfGHIRNTG Rl & IR I8 BT -
1 BT FE LB 7L B |

ara: el fdwey (1) B |

Sy U

A line AB in three-dimensional space makes angles 45° and 1202 with the positive x-axis and the
positive
y-axis respectively. If AB makes an acute angle 6 with the positive z-axis, then 6 equal
fan aafle § Y@ AB, x-318T & gATHS—{IeN & A1 45° BT BT qAT y-31&T Bl eATHG—AeN & A1A
1202 &1 HIvr g1 8 | A AB, z-3181 @ gTIAS Qe | = P17 6 FH B, A 0 TR B

[AIEEE 2010 (4, 1), 144]

(1) 45° (2*) 60° (3) 75° (4) 30°
(2)
I O |
N 2
1 1
f+rm+nt=1= nf=— = n=+ —
4 2
cos 0 = % 0 = 60° Hence correct option is (2) ara: el faweu (2) 21
If é:%o (3i +k) and 6:;(2f+3]—6ﬁ),then the value of (2a-Db).[(axDb)x(a+2b)] is:
afe 5:;(2f+3]—612) g B:;(27+3]—6R),?ﬁ (23-Db).[(axb)x (3 +2b)] aRTER & :
[AIEEE 2011, I, (4, 1), 120]
(1) -5 (2) -3 ()5 (4) 3
) B ) )
(284 —b).[(a x b) x (a +2b)]
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Sol.

Sol.

8xn.

Sol.

=—(a-Db).[(a +2b).b)a —((a +2b).a)b]
=—(2a-b).[(a.b)+2.b)a —(a.a +2b.a)b)]
=—(2a-Db).[0+2a —(0+ b)]
=—(2a-b).(2a -b)

=—(2a —-b)’= —4a?+4a.b - b2
=—4+0-1=-5 Ans

The vectors a and b are not perpendicular and ¢ and d are two vectors satisfying : bx¢ =bxd and
a.d=0. Then the vector d is equal to : [AIEEE 2011, 1, (4, —1), 120]

4 TUT b ofFad T8 2 TU1 ¢ 91 d 39 UPR b © b bxC=bxd dam a . d=0 2 d d R 2:

[AIEEE 2011, I, (4, —1), 120]

- (b.c). - [a.c|- - (b.c). o = [ac)=
(1) b—(ajc (2) C+[ﬁjb (3) b+{ﬁJC (4% C_(ﬁ})
@ ) o )

a . bz0,bxc=bxd,a . d=0
6><6) x a = (Bxa) x a

If the vector p? + J +k, i +q] +kand i + J +rk (p=q=r=1)are coplanar, then the value of pgr
— (p+q+r) is-

I Afee pi + j+ K, i +q] +k AU i + ] +rk (p=q=r=1) TFae 8, A1 par — (p+q+r) ST A 2

[AIEEE 2011, 11, (4, —1), 120]

(1)2 (2)0 (3) -1 (47) -2
(4)

p 1
1 q
1 1
= p(r-1)+11-n+11-9g)=0
= pgr—-p+1-r+1-g=0
= par—(p+q+r) =—2

1
1]1=0
r

Let a, b, ¢ be three non-zero vectors which are pairwise non-collinear. If a + 3b is collinear with ¢
and b +2¢ is collinear with a, then a + 3b +6¢ is:

A a, b, ¢ I IR AfRw & O THHAa: A9 T8 ¥ I a4 +3b vd ¢ W™ R 91 b + 2¢ wd

awWET g, @ a+3b+6C RSB [AIEEE 2011, 11, (4, 1), 120]
(1) a (@ ¢ (39 0 (4) & + ¢

@)

a+3b=x ... (1)

b+26=pa ... 2)

(1)-3(2) gives (1 +3u) a —(A+6) c =0

/\
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Sol.

Hindi

As a and ¢ are non collinear
a dAqT ¢ IRWNAE g | I
~1+3u=0and3iRrL+6=0
From (1) & a+3b+66=0

If the angle between the line x = qu = % and the plane x + 2y + 3z = 4 is cos™ [ /%] then A

equals:

fe ¥ x=yT_1=$ame+2y+32=4a‘)‘sﬂﬂ?maﬁw cos—{\/g] g, Al LD AF &

[AIEEE 2011, L, (4, —1), 120]

N 2 3 2 2

(1%) a3 (2) 5 3) = (4) 3
(1)

x-0 y-1 z-3

1T 2 2

X+2y+3z=4 . (2)
Angle between the line and plane is

cos (90° - 0) = aa, +bb, +c.c,
\/af +b? +cf \jag +b2 +¢2
1+4+3) 5431

JTax5+22 Adxs5:22

But given that angle between line and plane is

0= cos-‘{ %] = sin™’ (%)

= sin0 = i
\/1_4
from (3)
3 5+3L

4 25472
95 +A)=25+9X2 +30 A
30 =20

A= E Ans.
3

= sind =

=
=

x-0 y-1 z-3
1 2 A
Xx+2y+3z=4 ... 2)
QT 9T FHAA B I BT BT

B a,a, +bb, +c,c, N Sino = 1+4+30 5+3A
\Ja2 +b? +c?[a2 +b3 +c3 J1ax5+32 14 x5+
e & B, f& Y@ don wwad & 9 @1 o

o)

= sin6)=i

N

cos (90° - 0)
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10.

Sol.

Hindi

from (3)
3 5+3A

J14 ) J14 x5 +22
95 +A%)=25+9A2 +30 1
301 =20

A= E Ans.
3

Y

Statement-1 : The point A(1, 0, 7) is the mirror image of the point B(1, 6, 3) in the line :
x y-1 z-2
1 2 3
[AIEEE 2011, 1, (4, —1), 120]
y—1
2

Statement-1 is true, Statement-2 is true; Statement-2 is a correct explanation for Statement-1.

) Statement-1 is true, Statement-2 is true; Statement-2 is not a correct explanation for Statement-1.
Statement-1 is true, Statement-2 is false.

) Statement-1 is false, Statement-2 is true.

FUF-1 ?:%1:%2 Y@ ¥ fag B(1, 6, 3) @1 g¥vr wfafda (mirror image) =g A(1,0,7) 2|
HUA-2 : ?:%:% var fagsii A(1, 0, 7) @1 B(1, 6, 3) &1 fAar arcl Y@rEs &1 FHgHIe
PRA B | [AIEEE 2011, 1, (4, —1), 120]
(1) FY-1 I B, FI-2 I B | HIA-2, HUF-1 B F& AT & |

(29 FUYF-1 9 B, FUYF-2 T B | HUA-2, FAF-1 B H& AT 781 8 |

(3) PHUF-1 T B, HAF-2 3 2 |

(4) FHYA-1 I 8, HIT-2 I 2 |

(2)

Statement-2 : The line : ? Al ZT_Z bisects the line segment joining A(1, 0, 7) and B(1, 6, 3).

(1)
(2"
(3)
(4

° B(1,6,3)

VE

¢ A(1,0,7)
Mid- point of AB = M(1,3,5)
M lies on line
Direction ratios of ABis < 0,6, -4 >
Direction ratios of given lineis <1,2,3 >
As AB is perpendicular to line
© 01+62-43=0

¢B(1,6,3)

VE

¢ A(1,0,7)
AB &1 #&g fa5 =M(1,3,5)
M ¥ R Rerd g |
AB & 3@ o/gurd <0, 6,4 >

/\
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11.

Sol.

12.

Sol.

13.

Sol.

& T v B P g <1,2,3>
Ffh & TS a1 AB S I ¢ |
© 01+62-43=0

The distance of the point (1, =5, 9) from the plane x — y + z = 5 measured along a straight line
X=y=zis:
fIg (1,-5,9) @ F9dd x—y +2z=5% G Ol A W@ x =y =2z D (I At TR 2, 7 -
[AIEEE 2011, 11, (4, —1), 120]
(19 1043 ()543 (3) 310 (4)35
(1)
Line through P(1, — 5, 9) paralleltox =y = z is X1_1 = y:S = qu

fag P(1,-5,9) & ORA aTell AT X =y = z D FHAIR X X1_1 = y;rs = Z;9=X(HT?|T)%I

=) (say)

QKx=1+Ay=-5+%,z=9+1)
Given planef&an 1 9dd x —y +2=5
“1+A+5-A+9+A=5

= A=-10
o Q(=9,-15,-1)
- PQ= 4300
= /300 = 103
. . . oxX y-2 z-3 .
The length of the perpendicular drawn from the point (3, —1, 11) to the line 5 = = = 7 is :
g (3, -1, 1) ¥ % - yT—Z - % TR STl U o & awTg & [AIEEE 2011, 11, (4, —1), 120]
(1) 29 (2) V33 (3 V53 (4) /66
(3)

Let feet of perpendicularis (2a., 3a + 2, 4a + 3)

HAHE dIE & Fdeid (200, 3o+ 2, 4o+ 3) B |

= D’ ratio of the perpendicular line <2a -3, 3o + 3, 40— 8 >
a1 B P U < 20— 3, 30+ 3, 4a— 8 >

and D’ ratio of the line < 2, 3,4 >

IR A TS @ B H ogud <2, 3,4 >

= 2(200-3)+3(Ba+3)+4(40-8)=0

= 290-29=0

= oa=1

=

feet of perpendicular is (2, 5, 7)
U @ fAen® (2, 5, 7)

= length perpendicular is o @1 TS 12 +62 +42 = {53
Let & and b be two unit vectors. If the vectors ¢ =a+2b and d=5a-4b are perpendicular to each

other, then the angle between a and b is :
A 4 91 b | " afew 81 Afe |few ¢=4+20 3R d=53-4b R “edq &, a1 4 1 b B

Cleicaical i [AIEEE-2012, (4, —1)/120]
s T o T T

(1) 5 (2) 5 (3% 3 (4) 1

Ans. (3)

¢ =a+2b

/\
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d = 5a—4b
cd =0
= (3+2b).(5a—4b) =0 =N 5+63a.0-8=0
= a.b = 1 0="=
2 3
14, A equation of a plane parallel to the plane x — 2y + 2z — 5 = 0 and at a unit distance from the origin is :

AT X —2y +22-5=0F TR T I &g § 9159% A W T AT BT FHIBROT B—
[AIEEE 2012, (4, —1), 120]
(1")x-2y+2z-3=0 2)x—2y+2z2+1=0 (3)x-2y+2z—-1=0 (4)x—-2y+2z2+5=0
Sol. Ans. (1)

Equation of parallel plane x -2y + 2z + d =0

Now | —3 | _1
V12 +22 422
d=+3

So equation required plane x =2y + 22+ 3 =0

Hindi Ans. (1)
TR AT BT FHIHRT X — 2y + 2z +d =0

- ___d
d=+3
AT T FAATA BT THIDBRIT 8 x—2y +22+3 =0

=1

15. Ifthe line X1 = Y1 _2=1 g x=8 _y-k _z intersect, then k is equal to :
3 4 1 2 1
. X-1 y+1 z-1 x-3 y-k z ~ o N .
RICEEEIIY > =3 -2 qer = =Tq%wuumwwm%,ﬂ‘lk@l?@?%.
[AIEEE 2012, (4, —1), 120]
2 9
1) -1 2) £ 39 = 4)0
(1) (2) 9 (3% 5 (4)
Sol. Ans. (3)
x=1 y+1 z-1
2 3 4
x-3 _y-k _z
12 A
a(l,-1,1); r =a+xb
b (2,3, 4)
¢ (3, k, 0); f =c+pd
d(1,21)
These lines will intersect if lines are coplaner

a—¢, b & d are coplaner
[@a—C, b, d =0
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Hindi

16.

Sol.

17.

2 k+1 -1
2 3 4 (=0
1 2 1
= 2(-5)—(k+1)(-2)=1(1)=0
= 2k +1) =11
N _9
2
x=1 y+1 z-1
2 3 4
x-3 y-k z
1 2 1
a(1,-1,1); r =a+xb
b (2,3, 4)
¢ (3,k, 0); f = C+pd
d(1,2,1)

RS Y@ gfdeee H Al 7 IHdeld ©
a—¢,b & d GHAANT B |

[a—¢ b, d] =

2 k+1 —1

2 3 4 |=0

1 2 1
= 2(-5)—(k+1)(-2)=1(1)=0
= (k+1)=11
= k=g

2

Let ABCD be a parallelogram such that AB=q, AD=p and ZBAD be an acute angle. If r is the
vector that coincides with the altitude directed from the vertex B to the side AD, then is given by :
AT ABCD U@ VAT diaR agil & f& AB=q, AD=p T /BAD U& <[ $I97 2 | afe afeer r, o

B¥ AD W &Y Y &g @ {URl &, A 7 gRT yew © ¢ [AIEEE-2012, (4, —1)/120]
(1) 7=3G-20-9 5 2 7= g4 (p qu(S)F=a—(M]ﬁ (4) F=—3G+2P - 9 5
® . p p.p p.p )
Ans(2)
R
AX=p;q&=p;2q5
el Iel Ipl
BX = BA + AX
=—a+p;2q p
Pl

Distance between two parallel planes 2x +y+2z=8and4x +2y + 4z +5=0s
[AIEEE - 2013, (4, —1),360]
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Sol.

Hindi.

18.

Sol.

Note :

19.

Q1 TR Al 2X +y + 22 =8 TA 4x +2y +4z+5=0% 919 o1 0 2—
[AIEEE - 2013, (4, -1),360]

3 5 7 9
1) = 2) = 3" = 4) =
(1) 5 2 5 (3%) 5 4) 5
(3)
2x+y+2z2-8=0 (P,
2x+y+22+g=0 -(P,)
g2 .
Distance between P, and P, = 2 |-
224142 | 2
(3)
2X+y+2z-8=0 (P,
2x+y+2z+g=0 (P,
5
- P -
PaRP, A gli=| —2 _ |=L
224142 | 2
If the lines X=2 _ y;3 = Z_k4 and X}:1 = y;4 = Z;S are coplanar, then k can have
[AIEEE - 2013, (4, -1),360]
(1) any value (2) exactly one value (3*) exactly two values (4) exactly three values
af v qu - yf - Z‘k“ e X;1 - y;“ - Z;5 wadea 2, ke

(1) @13 719 999 2| (2) ®ad TP A §99 7 | (3) dadl &1 A G9I g | (4) DAl dIF A G99 2 |
[AIEEE - 2013, (4, -1),360]

(3)
[a—-c,b,d]=0
2-1 3-4 4-5
1 1 -k | =0
k 2 1
1 -1 —1
1 1 -k |=0
k 2 1

=>11+2k)+(1 +k3)-(2-k)=0
=k?+2k+k=0

=>k?+3k=0
=k=0,-3
If 0 appears in the denominator, then the correct way of representing the equation of straight line is
X_—2 = y-3 ;z=4

1 1
Ifd 0B W AT B, A9 IRA &1 DI 60T B BT AL aRIp X;Z:y%s; z=47%|
If the vectors AB =3i+4k and AC = 5?—2]+4I2 are the sides of a triangle ABC, then the length of
the median through A is [AIEEE - 2013, (4, —4),360]
If @feer AB=38i+4k T AC=5i-2j+4k Th st ABC @ yoi¥ 8, @ A & &dx ol &
AqTfSIhT P TS B— [AIEEE - 2013, (4, -4),360]

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVQE- 9
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

(1) V18 (2) V72 (3" V33 (4) /45
Sol. (3)
B M C

AB+BC+CA =0
= BC =AC-AB

N BNi— AC—AB

= AB+BM+MA =0

N AB+AC=AB _ i

S AN=AETAC Tk

= \m\#@

20. The image of the line x=1_ y;3 = 2_54 in the plane 2x —y + z + 3 = 0 is the line :
AT 2X —y + 2+ 3 =07 @ x;1:y;3:z—54 @ gfefars arell Y@ §

[JEE(Main) 2014, (4, - 1), 120]
x—3:y+5:z—2 2) x—3:y+5:z—2
3 1 -5 -3 -1 5
(3%) x+3:y—5:z—2 (4) x+3:y—5:z+2

3 1 -5 -3 -1 5
Sol. Ans. (3)
x-1 y-3 z-4 -2(2-3+4+3)
2 —1 1 4+1+1
N x—1=y—3=z—4 __o
2 -1 1
Image of point (1, 3, 4) on given line in the given plane is (-3, 5, 2)
Y ) Red fig (1, 3, 4) &1 wwaa 7 ufafes & (-3, 5, 2)
Line is parallel to given plane Y& &4 ¥9dal & ¥H=R & 3, 1, -5
So, image safery gfafdq
x+3 y-5 z-2

3 1 -5

(1)

21=. The angle between the lines whose direction cosines satisfy the equations f(+ m+n=0and /2=m? +
n2 is
[Vector & 3-D] [JEE(Main) 2014, (4, — 1), 120]
31 vEr s faw dreoan, T [+ m+n=03T £=m2+n2 S GIE€ B 8, & 1 BT DT 23—
[Vector & 3-D] [JEE(Main) 2014, (4, — 1), 120]
T I s
= 3 = 4) =
5 (3%) 3 (4) 2
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Sol.

22,

Sol.

23.

Ans.
Sol.

Ans. (3)

(+m+n=0 ... (1)
P=m®+n° e, (2)
= 2 —m? —(=(-m)2=0
= 2m(m + /) =0

m=0 or {=—m

so direction ratios are sHfeY fge g 8 —1,0,1 3R and—1,1,0

aa, +bb, +c.c
Cose= 1442 1~2 12
Ja +bf+c12\/a§+b§+c§

. COSO = 1+0+0 =l
2 2| 2
L 0==
3
If [é x b bxé 6xé]=k[é b 6]2 then 2 is equal to [JEE(Main) 2014, (4, - 1), 120]
W[4 x b bxc cxa]=2[a b 6]2 2 @ AR 8~ [JEE(Main) 2014, (4, — 1), 120]
(1)0 (2) 1 (3)2 (4)3
Ans. (2)
LHS=[axb bxc c xa]j
=[p bx¢ ¢ xa] (wherel&fp =a xb)
={p x(b x¢).(¢ x a)
={p x(b x ¢) (¢ x a)
={(p.¢)b —(p.b)c}.(cxa)
={[abc]-[abc](c xa) (As p=axb)
=[abc]lb ¢ a]-0 (~-[a b b]=0)
=[a b ¢PP(-[b ¢ al=[ab¢c)
RHS=A[abcJ
A=

x—2 y+1 z-2

The distance of the point (1,0,2) from the point of intersection of the line T - 12 and the

planex -y +z =16, is [JEE(Main) 2015, (4, — V4), 120]

(1) 214 28 (3) 3421 (4)13

Nl ng = yf = 21_22 T FHAA x —y + z = 16 & Ul g @01, fag (1,0,2) & & 23—
[JEE(Main) 2015, (4, — V4), 120]

(1) 214 28 (3) 3421 (4)13

(4)

Point of intersection
Br+2,41-1,120 + 2)
Ar+2-4r+1+120 +2=16
11x =11 = rA=1
(5, 3, 14)

/\
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Hindi.

24,

Ans.
Sol.

Hindi.

25.

Distance = 16 +9+144 =169 =13
afcrese fawg

(BL+2,40—1,1201 + 2)
L+2—-4r+1+12L +2 =16

11 = 11 =N A=1

(5,3, 14)

g8 = J16+9+144 = /169 =13

The equation of the plane containing the line 2x — 5y + z = 3, x + y + 4z = 5 and parallel to the plane

X+3y+6z=1,is [JEE(Main) 2015, (4, — V4), 120]

(1)2x + 6y + 122 =13 (2) x+3y +6z=—7 3)x+3y+6z=7 (4) 2x + 6y + 12z = —
13

T 2x -5y +2=3, X+ y + 4z =5 B! A< FRA dTel AATA, S T9dA X + 3y + 6z =1 D AR T,
BT FHIHRT B— [JEE(Main) 2015, (4, — ¥4), 120]

(1)2x+6y +122=13 (2) x+3y +6z=-7 (3)x+3y+6z=7 (4) 2x + By + 12z = —
13

(3)

Equation of real plane
2Xx -5y +z-3+A(x+y+4z-5)=0
X(2+AX)+yA —=5)+z(@4r+1)-3-51L=0

A+2 A-5 4r+1 55
1 3 6 2
3L +6=A-5
20 = —11
e 1
2
= equation of plane _—;)(—2—;)1—21z+4—29=0 = 7X+21y +42z2—-49=0

= X+3y+6z2-7=0
IRIfdD AT BT FHDHRT
2X—5y+z-3+Ax+y+4z-5)=0

X2 +A) +y(h =5)+z(4r+1)-3-51L=0

A+2 A-5 4r+1 55
1 3 6 2
3AL+6=L1-5
20 = —11
-1
S 2
= A DT FHIBIOT _—Zx—2—;y—21z+4—;:0 = 7x +21y +42z2-49 =0

= X+3y+6z-7=0

Let a, b and ¢ be three non-zero vectors such that no two of them are collinear and

(3x b)xC= % |b||c| a.If 6is the angle between vectors b and ¢, then a value of sin6 is

[JEE(Main) 2015, (4, — '4), 120]

3) % ) 283

1) 22 @ 2 A

3 3

/\
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-

qA A, b oaem ¢ O IR U AR @ fh e @ o o e T ¥ aon (ax B)Xa:%maa

21 afe afewt b 3R ¢ & i &1 BT 02, A sin® BT Uh T19 2—[JEE(Main) 2015, (4, — 4), 120]

(@)

-2 2

3 93

m 22
3
Ans. (1)
3
Sol. \/§
1
(aXB)XE:%|b||C|a
—Ex(éxB)
—(6.5)é+(6.é)5=%|b||c|é

G Ibllc| +(6.B)jé _(ca)b

Since a & b are not collinear

6.6+% Io||c|=0 & ¢a =0

4) -2

W

cos0 + l =0
3
Cose=—l = sind = _8 = @
3 3 3
o\ e AT

Aliter : axb)c = (ac)b—|bcla=—=|b]|c|a

(axb)c = (ac)o~(bc)a=zIblic]

(ac)b =( bl ¢| +B.6jé

ac =0 & %|6||6|+6.6=0

%|B||6|+|6||6|cos€)=0
cosO = —l

3
sind = }1 _1 = %
9 3
3
Hindi. \/§
1
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—
3
—CX(aXb)

~(cb)a+(ca)

(aXB)xa Ibljc|a

¢ INTINE
3

6.6+% Ib||c|=0 & ¢a =0

cos6 + l

=0
3
cos@:—l = S|n6=_8= Q
3 3 3
N SOV IR
Jpfeus : axb)c = (ac)b—(bcla==|b]|c|a
(axb)c = (ac)p-(bc)a=Ibllc]
(ac)B=[%|6||c|+B.6jé
6 =0 & %|6||c|+6.a=o
%|5||6|+|5||6|cos€)=0
cosO = ——
sind = 1——=—2’\é5

- 1), 120]

26. If the line, x=3 _ y+12 = ZJ:;A' lies in the plane, Ix + my — z = 9, then 12 + m? is equal to
[JEE(Main) 2016, (4,
IR X_3=y+12:Z;4,W Ix+my—z=9% Rerd & 12+ m? a¥ra¥ -
(1) 18 (2) 5 (3) 2 (4) 26
Ans. (3)
Sol. (i) (3, -2, —4) lies on the plane (@¥da WX Rerd &)
30-2m+4=9 =3(-2m=5 ... (i)
(iy20—-m-3=0 =2(-m=3 ... (i)

from (i) and (i) (i) e (i) <
f=1and @ER)m=-1
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27.

Ans.

Sol.

28.

Ans.

Sol.

B,

Let 3,b and ¢ be three unit vectors such that éx(Bxé) = . If b is not parallel to ¢, then
the angle between a and b is [JEE(Main) 2016, (4, — 1), 120]

qHT 8, b der ¢ 9 0 9 afer ® éx(Bxé) =§(6+6)%|2ﬁ%’ b,¢ & AR &I &, I &
Jl b & g &1 BIvT B

T 2n 5n 3n
M3 @ = @ & @ 7
(3)

x(5x5)=£ (b+¢)

(a 6)—(5.6)6=g6+g6
Hence (31 a.C = ?and (@iR) a 6=—§
a b V3
2
COSO=—E
2
g 2T
)

The distance of the point (1, -5, 9) from the plane x —y + z = 5 measured along the line x =y =z is
[JEE(Main) 2016, (4, — 1), 120]
f4g (1,-5,9) @ ¥ x—y+2=5% 98 QI Ol Y& x=y =2 P! fazn § #11 5 B, &—

10 20
103 2) — 3) — 4) 3410
) 1043 <)ﬁ @) 3 (4) 3410
(1)
P(1,-5,9)
X=y=2z
X—y+z=5

x-1 y+5 z-9
1 1
g1 PQ &1 IHIdR0 8 X1_1=y:5=219=x

.. Qcanbetakenas (A +1,A—5,1 +9)
LQ®T (M +1,A—5, 1+ 9) AT I HHT B |

=2

Equation of line PQ :

/\
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29.

Ans.
Sol.

30.

Ans.
Sol.

AsQliesonplanex-y+z=5
ST f6 QE9dd x—y+z=5w Rea 8

+1)-(AL-5)+(A+9)=5
=-10 = Q(-9, -15, 1)

JA+9) +(-5+15)% +(9 +1)2 _ J100+100+100 _ 1043

(™
A

Required distance PQ =
e 5 pa- N+ +(-5+15)° +(9+1)* _ 00+100+100 _ 103

If the image of the point P(1, =2, 3) in the plane, 2x + 3y — 4z + 22 = 0 measured parallel to the line,
X = § is Q, then PQ is equal to : [JEE(Main) 2017, (4, — V4), 120]

-h|*<

T

afe fig P(1, -2, 3) &1 |HG 2x + 3y — 4z + 22 = 0 H I8 Ufdfe= &I 3@
?:%: L% @R QR O PQERIR ¥

1)35 2) 242 (3) 42 (4)6+5
(2)

Let R be the point of intersection of plane and line passing through P and parallel to given line.

FHATA TAT P ¥ IORA dTell X1 3R &1 715 Y@ & FARR @1 Bl gfaeos 95 791 R |
So,3rd: Ris®1 (1 + A, —2 + 44, 3+ 5))
substituting co-ordinates of R in plane

Tadd § R & e uforenfig &= =
2+20—-6+121L-12-20L+22=0 =>6A=6=>A=1
So 31, Ris (2,2,8)

Hence 39 YR PR = J1+16+25 = \/E
So g9fary, PQ = 2@

The distance of the point (1, 3, — 7) from the plane passing through the point (1, -1, —1), having normal
-1 x+2 x-4 X-2 y+1 z+7

perpendicular to both the lines X = = and = =
1 -2 3 2 -1 —1

[JEE(Main) 2017, (4, — V4), 120]

Th wHdd S fg (1, -1, —1) ¥ 6% rar @ qen e ey | s X1_1 = X_+22 - X;4

3

o X_2:y+1:2+7q??ﬂ%[§,aﬁﬁ§ (1,3,-7)A g & :

2 1

20 10 5 10
1) == 2) — — 4) —
" 7 ? & ¥ & W 7

(2)

Let the plane be HET AT
ax—=1)+b(y+1)+c(z+1)=0
a-2b+3c=0

2a—-b-c=0

a b c

5 7 38
5x=1)+7(y+1)+3(z+1)=0
5 +7y +3z+5=0

P(1, 3,-7)

/\
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31.

Ans.
Sol.

32.

Sol.

O|=|5+21—21+5|:| 10 |
| J25+49+9| |83

Let a=2i+j-2k and b=i+].Let ¢ be a vector such that |c-&| =3, ‘(éxB)xé‘ = 3 and the angle
between ¢ and axb be 30°. Then a.¢ is equal to [JEE(Main) 2017, (4, —1), 120]

A G=2i+]-2k @ b=1+] ¥1 W 6 vw v wRw @y [6-d =3, |(@xb)xc| =3 wr ¢ AR
axb & g & HIoT 3028, A a.C WA -

1
1) ) ()2 )5 (4) 3

Now a/d [axb|[¢| sin30°=3, |axb||c|=6
= |é|‘6‘|6|sin6=6, 9= anb
~ — 2+1 T
al =3, b| =2 0=cos'| S |==
lal |b] [3\/5] 2
- 6
Gl = —=~2 =2
3v2
1G-a|=3
| o O
Squaring, we get a1 &3 TR | ¢ |* —2a.6+|a*=9 = a.c:?:z

If L1 is the line of intersection of the planes 2x -2y + 3z2-2=0,x -y + 2+ 1 = 0 and Lz is the line of
intersection of the planes x + 2y —z—-3 =0, 3x -y + 2z — 1 = 0, then the distance of the origin from the
plane, containing the lines Liand L2, is : [JEE(Main) 2018, (4, —1), 120]

afg FHdel 2x -2y +3z2-2=0,x—y +z + 1 =0 @& uR=B Y@ L1 8 T FAaaAl x + 2y —z -3 =0, 3x
—y+2z-1=0% uR= @ L2, @1 9o &g o g0 39 F9Faa 9§ S ¥@msil Ly iR L &1 sidfde
PHIAT B, B

1 o 1
(Um (2)$ (S)W (4%) 32
(4)

Lo L 2x -2y +3z-2=0
) x—ysz+1=0

Let a point on L1(0, 5,4) and dr;sofLibea,b,c
AT a5 L1(0, 5, 4) ® iR Ly & faa o/gurd a, b, c &

/\
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fi aj + bi ck

|

2a1 +2b1 +3c1=0

ai+bi+ci1=0

a_by_c
1 1
SO dr's of L2 be az, b2, ¢c2

dr's of L2 can be 3, -5, -7

SO dr's of normal to the plane ca be a+b+oc=0
3a—-5b-7c=0
a_b_c
-7 7 -8

equation req. plane 7x-7(y-5)+8(z4)=0
7x-7y+8z +3=0

3 3 3 1
J49149+64 J162 92 3.2

so req. distance =

Hindi (4)

Lo L 2x-2y+3z-2=0
B X-y+z+1=0

AT fag L1(0, 5, 4) B 3R Ly & &% /U a, b, c ®

fi aj + bi ck

|

2a1 +2b1 +3c1=0

ar+bi+ci=0

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jh

®
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029

alawar Road, Kota (Raj.)-324005
ADVQE- 18



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry /

33.

Sol.

a_bi_¢c

1 1 0
SAfY Lo & fad SU az, be, c2
L& f&® rgura & 9ad & 3, -5, -7

AT B AW & Q| U a+b+oc=0

3a-5b-7c=0
a _b_c
-7 7 -8

AT BT FHIDRT 7x—7(y-5)+8(z—4)=0

7xX-7y+8z +3=0

3 3 3 1
e = = - -
<« J49+49+64 162 9J2 342

Let u be a vector coplanar with the vectors a =21 +3] —k and b = j+ k. If u is perpendicularto a
and U.b = 24, then \Gf is equal o : [JEE(Main) 2018, (4, -1), 120]

A U TS VAT Afewr ¥ o Afeeit a =2i+3] -k T b = j+ k & WY GAGT B IR® U ,a W
S9aq & @ u.b =24§,€ﬁ‘ﬂ‘2 ENERESE

(1) 256 (2) 84 (3*) 336 (4) 315
©)

U=xi+y]+zk

U.a=0=>2x+3y—-z=0 ......... (i)
U.b =24=y+z=24..... (ii)
Xy z
[Uab]=0=[2 3 —1=0
01 1

= 4x-2y+2z2=0

2X—y+z=0 ... (iii)
(2)+(3)

2x +2z2=24

XxX+z=12 ... (iv)
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34.

Sol.

35.

Now 31d: 24 -2z +3(24-2)-z=0
96 = 6z

z=16=>x=-4=y=8

U=—4i +8] + 16k

[uf>=16 + 64 + 256 = 336

The length of the projection of the line segment joining the points (5, — 1, 4) and (4,-1,3) on the plane,
X+y+z=7is: [JEE(Main) 2018, (4, —1), 120]
fidgall (5, -1, 4) ToI1 (4,~1,3) I MA@ aTel VERIUS FT AAAA X +y + 2 = 7 TR Slel ¢ Y&T &) =TS ©

OR @) 2 @) % @ 2
(@)

A(5,-1,4)

B (4,-1,3)

AB= 2

Direction ratio of AB < 1,0,1>

AB & fa@margur < 1,0,1>

Angle between line AB and plane is 6 = sinf = 2
6
. 2 1
&1 AB &1 U8Y 0 = sind = — = €080 = ——
N B

Projection of AB on plane = AB cosf = \/g

Ifthelinesx=ay+b,z=cy+dandx=a'z+b', y=c'z + d' are perpendicular, then :

I @Y x=ay+b,z=cy+dTAMx=az+b,y=cz+d a=ad g, d—
[JEE(Main) 2019, Online (09-01-19),P-2 (4, — 1), 120]

(1Yab'+bc'+1=0 (2)bb'+cc'+1=0

(8)cc'+a+a' =0 (4)aa'+c+c'=0
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Ans.

Sol.

Hindi.

36.

Ans.

Sol.

37.

Vector 3D XIl E,
(4)

x-b
a

z—da x—|b y—d
c a c

Given lines

- <

which are L to each other

= aa’+c' +c=0

UH SR & o ad

= aa’+c' +c=0

Let é=f+]+\/§l2, 5=b1f+b2]+\/§lz and 6:57+]+\/§R be three vectors such that the projection
vectorof b on a is a.If a + b is perpendicular to ¢, then |b|is equal to : Vector 3D XII T,
[JEE(Main) 2019, Online (09-01-19),P-2 (4, — 1), 120]

A =i+ ]+v2K, b=byi+byj+v2k 3R ¢ =5i+]+/2kd afew 50 yoR © fb wfew b &1 4 W
g8y Afew a 213 a + b, IR ¢ & oFdd & d9 |b| aRTER &

(1) V22 (2) 4 (3) V32 46
(4)
(b.da=ala
(b-a)4a|
b1+b2+2=2

2
= br+b2=2 ... (1)

a-b L ¢

=N 5(b1+1)+ 102+ 1)+ 2 (242)=0
= 5b1 +b2+10=0 ... (2)
from (1) and (2) b1 = -3 and b2 = 5 (@HBROT (1) 7 (2) )

= |b|=9+25+2 =6

A tetrahedron has vertices P(1,2,1), Q(2,1,3), R(-1,1,2) and O(0,0,0) the angle between the faces OPQ
and PQR is :

/\
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TS Igehad (tetrahedron) @ ¥ P(1,2,1), Q(2,1,3), R(-1,1,2) @21 0(0,0,0) & | el OPQ @211 PQR &
4 &1 B 2—[JEE(Main) 2019, Online (12-01-19),P-1 (4, — 1), 120]

(1) cos™ 19 (2) cos™ 7 (3) cos™ 7 (4) cos™ 9
35 31 31 35
Ans. (1)
Sol.
(0]
A(1,2,1) B(2,1,3)
C(=1,1,2)
ik
Vector perpendicular to face OAB= |1 2 1|= 57—]—3#2
2 1 3
i j ok
ols OAB & ofvgaq wifee = |1 2 1|=5i—]—-3k
2 1 3
i J ok
Vector perpendicular to face ABC = |2 1 —1|= i-5]—2k
1 -1 2
i ] kK
tols ABC & orqaq @fes = |2 1 —1|=i-5j—2k
1 -1 2
5+5+9 19
Angle between two faces cos6 = |————|= —
J35.35| 35
. . 5+5+9 19
SFI BAB] D HET BV €OSO = [— —| = —
J35./35| 35

= 0 =cos™! E
35

38. Let S be the set of all real values of A such that a plane passing through the points (=A%, 1, 1),

(1, =22, 1) and (1, 1, —A?) also passes through the point (-1, -1, 1). Then S is equal to -
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afe A& 39 i arafas |1, s fog fageii (a2, 1, 1), (1, A2, 1) @& (1, 1, —A2) | 8= S arefl

e |Had, g (1, -1,1) 9 1 9= Ol 8, & 99=ad S8, @ S TR -

[JEE(Main) 2019, Online (12-01-19),P-2 (4, — 1), 120]

(1) {1, -1} (2) {3} (3) {V3,—3} (4) {3, -3}
Ans. (3)
-2 +1 2 0
Sol. 2 -2%+1 0 =0 = —(2+1){(1-292-4=0 =  A2-1=4#2
2 2 —22 -1

= =3 = A= +4/3

39. The magnitude of the projection of the vector 2i+3j+k on the vector perpendicular to the plane
containing the vectors i+j+k and {+2j+3k ,is:

Al 2f 4 3]k B TR [+ k TAT {4 2]+ 3k B IMANT B Tl FAGTA & SAgaeiid AW W &g

&1 g 38—
3
(1) 36 2 6 @ 2 @ g
[JEE(Main) 2019, Online (08-04-19),P-1 (4, — 1), 120][ Vector & 3-D]
Ans. (3)
Sol.  Normal vector to the plane containing §+j+k and j+2j+3k is

= (+7+k) x (+2j+3k)

f=i_2j+k

projection of (2f +3j+k)on n

(2?+3]+R).(i-2]+12)|

Ji+441
-3 -3
J6 2
Hindi. §.j+k T {4 2]+ 3k P THIET B aTel FHAA & ofgdd Afae—
N=(+7+k) x (+2]+3k)
n=7i_2j+k

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow = e 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Vector & Three Dimensional Geometry / “_

40.

Ans.

Sol.

41,

Ans.

Sol.

(27 + 3]+ k) BT N R Haw

(27 + 3] + k). - 2] + &)
Sid+1

If the volume of parallelepiped formed by the vectors i+ 3j+k j+2k and Ai + kis minimum , then A is
equal to :

I AR 7425+ R j+ 2k T AT + k GRT I T FANR TCHAB Bl AITT ~AqH 8, A a_ER 8

(1) 3 (2) -3 (3) % (4) -

(3)  [JEE(Main) 2019, Online (12-04-19),P-1 (4, — 1), 120] [Vector]

1
V3

1
A =1— A (-A2) + 1.(0-A) = A3— A + 1
1

<
[
1
o |
ol
o
| I—
I
> o —
[ S

. 1
Whose minimum value occur at A = —

B

x+2_y_—1
0

(in sq. units) of this triangle, given that the point A(1, -1, 2), is :

The vertices B and C of a AABC lie on the line,

=§ such that BC = 5 units. Then the area

AABC & ¥¥ B dom C & %ﬁ—%:gwﬁ%%am BC =53ais 21 Ife f&ar g8 f& fIg

A(1,-1,2) 8, 1 39 YA &1 &F%ha (T gHISAT H) 3—

(1) 5417 2)6 (3) V34 (4) 2434

(3) [JEE(Main) 2019, Online (09-04-19),P-2 (4, — 1), 120] [Vector & 3-D]

Asa (1,-1,2)

B+*»(C
d (-2,1,0) u (3,0, 4)

direction cosine of line

1 |(3-d)<u

/\
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42,

Ans.

Sol.

43.

‘Z‘ = ‘(3?— 2]+2k)x(g?+gkj‘

~ 62 6
——i+—=j+=k

5 55
_ [iz8
“\25

Area of triangle = %xSx %: J34 units?

Let A(3, 0, -1), B(2, 10, 6) and C(1,2,1) be the vertices of a triangle and M be the midpoint of AC. If G
divides BM in the ratio, 2 : 1, then cos( £ GOA) (O being the origin) is equal to :

A1 Ud B @ 2 fa|g A3, 0, 1), B(2, 10, 6) T C(1,2,1) © T AC &1 Aeafd5 Mg | Ik G, BM
B 2: 1% Jqgurd F g F=ar 2, @ cos( £ GOA) (O =g 8) a_TeR 2

1 1 1 1
1) —— 2) — 3) — 4) ——
T @ /s RN “ o

(3) [JEE(Main) 2019, Online (10-04-19),P-1 (4, — 1), 120] [Vector and 3D]
A (3,0-1,),B (2,10,6) and C (1,2,1)

C(1,2,1)

A(3, 0,—1) B(2,10,6)

0(0, 0,0)
G is centroid of A from given information .
OA.OG = ‘CTA" ‘O_G‘ cos0 = (2?+4]+2R). (3T—R) = 216 . V10 cos®

= 6—2=2\/§.\/§.2 coso

cosb = L
V15
. . . .ox=1 y+1 z
A perpendicular is drawn from a point on the line - 177 to the plane x + y + z = 3 such that

the foot of the perpendicular Q also lies on the plane x —y + z = 3. Then the co-ordinates of Q are :

/\
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Ans.

Sol.

44,

Ans.

Sol.

i‘@X—_1=y—+1=§$W%®Wx+y+z=3wwmwwww%mw

2 -1
Q, 99 x—y +z=3W I Rog 81 @1 Q& Aen® 8-
(1) (4,0,-1) (2) (2,0,1) (3) (1,0, 4) 4) (1,0,2)

(2)  [JEE(Main) 2019, Online (10-04-19),P-2 (4, — 1), 120] [3D]

x1_y+1_z_,
2 1 1

P@Cr+1,-A—1,1)
foot of perpendicular

X—(20+1)  y+(A+1) z-%  —(2A+1-A—-1+1-3)

1 1 1 3
X—(2r+1) _y+r+1_z-k  —H21-3) N X=2K+1__(2k—3):4X+6
1 1 1 3 3 3
- y=_k_1__(2%—3)=—3x—3—2x+3=_5_x
3 3 3
= Z=;b_w:k_+3
3 3
. . (4r+6 —-50 A+3
point P is ) )
3 3 3
Itliesonx—y+2z=3
At6 Ok A3 5 10h 49295220
3 3
point P becomes (2, 0, 1) = (4) option is correct
Avector a=oi+2j+Bk (o B, € R) lies in the plane of the vectors,b=i+] and ¢=i—]+4k.

If & bisects the angle between b and ¢, then: [JEE(Main) 2020, Online (07-01-20),P-1 (4, — 1), 120]
Uh AT a=ai+2]+Bk (o B, € R) S Had ¥, Rorad SHl @feer b=i+] @ é=i— ]+ 4k Rerd &,
I} & afei b &R ¢ & 9 & BT B FARFHIRTT B 8, @ -

(1)a.k +4=0 (2 &.k +2=0 B)a.i+1=0 4)&.i+3=0
(2)

angle bisector can be @IVl g & Adhal & a=Ab+¢) or AT a=p(O—8)
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a:x[“h““‘ﬂ A (a1 ea] -] ak] = [ 41+ 2] 4k

A
2 32 ) 32 32

Compare with I JoIl &R TR 4 =i +2j + Bk

%zZ:sz«@
a=4i+2j+4k
Not in option so now consider AT f& &= u(ﬁ—ﬂj
2 32
as= ﬁ(37+3]—f+]—4l2)
=$(2?+4]—4R)
Compare withgel ™l &= TR 4 = ai +2j + Bk
;—\}%=2:>p=¥
a=i+2j-2k
a.k+2=0
—2+2=0
45.  Let 3 band ¢ be three unit vectros such that a+b+¢=0.If L =a.b+b.¢+caand
d=axb+bx ¢+¢xa, then the ordered pair, (k, a) is equal to:

AMT &, baené I 716 (unit) 9% 59 bR 8 f6 d+b+¢=0.3fRQ
%=a.b+b.C+cadend=axb+bxc+Cxa,d PG I (1, d) TR -
3 .- - 3 .. - 3 .- - 3 . o
(1) (§,3axcj ) (—E,Sbej 3) (§,3bxc] (4) (—E,Baxbj
Ans. (4)  [JEE(Main) 2020, Online (07-01-20),P-2 (4, —1), 120]

Sol. |a+b+¢f? =0
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46.

Ans.

Sol.

Sol.

If the distance between the plane, 23x —10y —2z +48 = 0 and the plane containing the lines

x+1 y-8 z+1 x+3 y+2 z-1 . k .
= = and = = A eR)is equal to ——, then k is equal to
2 4 3 2 6 ( © ) a V633 .
Ife FHda 23x —10y —2z +48 = 0TAT @i
x+1_y=3_ZHlg4 X+3:y+2=2_1(xeR)aﬁ 3idfde wRA Il FHaA B dIF B g X 3
2 4 3 2 6 A J633
Al k RTER B | [JEE(Main) 2020, Online (09-01-20),P-2 (4, 0), 120]
3

Lines must be intersecting

—(2s—1,45+3,35-1) = (2t —3,6t—2, At + 1)

2s-1=2t-3,4s+3=6t-2,3s—-1=At+ 1 =>t= A =—7

N =

1
—,8=—
2

distance of plane contains given lines from given plane is same as distance between point (-3, —-2,1)
from given plane.

F%equireddistanceequalto|_69+20_2+‘1r8| I SR
Vv529+100+4 V633 4633

@ gfoeedl 8l

— (2s—1,45+3,35 1) = (2t =3, 6t -2, At + 1)

2s—1=2t-3,4s+3=6t-2,3s -1 =2t + 1 :>t=ls=—1,k=—7

2’ 2

Gl BT FHIRT B dlel T Bl [ g4 F9d 9 g9 = fdg (-3, -2,1) ¥ A W |9ad &

e - [769+20-2+48] 3 k

= =k=3
J529+100+ 4 J633 /633

/\
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- High Level Problems (HLP)

SUBJECTIVE QUESTIONS

Sol.

Sol.

Hindi

fAYaTI® U (SUBJECTIVE QUESTIONS)
Using Vectors prove that

afew fafd & <orisy fo
(i) cos(A — B) = cosAcosB + sinA sir)B (ji) sin(A + B) = sinAcosB + cosAsinB
r, (cosBi + sinBj)

r, (cosAf +sin A])

r.2
r.1
B
A
(M) ) ) ) )
r,r, cos(A — B) = rr,(cos Ai + sinAj).(cosBi +sinBj)
cos(A — B) = cosA cosB + sjnA sinBA
ri(cos Ai +sinAj)
A
B
(ii) rZ(COSB,i\ —SinBlj)

Pxq=r r,(cosAi+sinAj) x (cosBi-sinBj)
rr, sin(A+B)(—R) = —Rn r,(cos AsinB + sin AcosB)
sin(A + B) = sinA cosB + cosA sinB

Using vectors, prove that the altitudes of a triangle are concurrent.
Afew Al 4 g &1 & v Byl & oY o 9Tl B © |
Let AD L BC and BE L AC. Let AD and BE meet at O. Join CO and produce it to meet AB at F.

Take O as the origin. Let &, b, ¢ be the position vectors of A, B and C respectively.
- BC = ¢-b and CA = a—¢

Now AD L BC = OA L BC = a.b-¢)=0

and BE L CA = OB LCA = b.(a-c)=0

These imply

a.b=a.canda.b=b.c = a.c=b.c =(b-a).c =0

= OC 1 AB = CF L AB

= Altitudes of a A are concurrent.
AT AD | BC deim BE L AC @M1 AD @@ BE fag O R fAaar 81 CO &1 fdm W den saad! 3l

g™ W I8 AB ®I F WR et
A1 O gt fa=g ¥ A, B, C & Refy afee w9 a,b, ¢ #1
BC = ¢-b @1 CA = a-¢

/\
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Sol.

Hindi

Sol.

SiC| AD L BC = OA L BC = a.b-¢)=0
dem BE L CA = OB LCA = b.(a-c)=0

ab=acdma.b=b.¢ = a.c=b.¢ =(b-a).¢ =0

=N OC 1 AB = CF 1 AB
I st & @i o | B

Prove that the direction cosines of a line equally inclined to three mutually perpendicular lines having
i+l +0; mi+m,+m; N +N,+N,
Ly, mg, n, are .

v B BB
g PIRTY 6 0 RER Fxaq @Rl el Raprsan ¢, my, n,; 4, m, n,; {, m,n, 8, q RER Gl

Lo+, + L m, +m, +m n,+n,+n
$ Y 9 Rawegy 2 T7s Tt T ThT Tl 3
¢ NS B NG

Let OA = f,i+m,j+nk, OB = (,i+m,j+nk and OC = (,i+m,j+nk be mutually perpendicular
vectors. Let OP = (i +mj+nk be equally inclinedto OA, OB and OC .
Then OP =OA + OB + OC = X (,i+Xm,j+Xnk

[OP[" = (S, +(Zm)? +(En)? =8+ 2% (4,f, + mm, + nn,) =3

D.C’sas ¢, m,n ; {, m,n,;

A
—— Lo+ 0, +L0, » m +m,+m, - n,+n,+n, -~
OP=\E OP_-1Tf27%s ¢ 1 2 8 7, Tl g
o] g N
A1 OA = £,i+mj+nk, OB = (,i+m,j+nk 3R OC = (4i+m,j+nk dH IRER srad afeer & |
H1fd OP = (i+mj+nk, OA, OB @ OC ¥ JHM IVl &7yl 8, af
OP = OA + OB + OC = X(,i+Xm,j+Xnk
\@\2 = (S0 (M +(EN,)? =3+ 23 (4,0, + mm, +nn,) =3
S L 40,40, M AM,4m, = N 4N, N, -
‘(73"=\/§ OP=1+2+3i 1t 2+3j+1+2+3k

BB 3

If A(@), B(b), C(G), D(d) are the position vector of cyclic quadrilateral then find the value of
|éx6+6xa+axé|+ |bxC+Cxd+dxb|
[(b-a).(d-a)] [(b-c).(d~c)]

right angle)

afs A(@@), B(b), C(c), D(d) =i =gdsa & Rafa wfew e,

(It is given that no angle of cyclic quadrilateral ABCD is

|5x6+6xa+axé|

) L [(b-a).(d-a)]

Ib[x(g+f)><(cai+‘i';b| H1 94 = difeig | (T8 I T & {6 F@rg IS ABCD &1 315 i $Iv GHGI
—C).(a-cC

& 7 )

Ans. O
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Sol.

Hindi

(d)D c(©)

() A B(D)

Now 39 | (b—c).(d—a)| = AB.AD.cos A.............. (1)
|axb+bxd+dxal| = |(b—a)x(d—a)|
|(b—C)x(d—a)| = AB.AD.sinA............. )

(b—¢).(d—¢) = BC.CD.cosC
|(b-C)x(d—¢)| = BC.CD sinC
Now putting the values &T A9 Y@= TR

tanA + tanC [. Now (A + C =180)]
tanA + tan (x — A)
=0

Prove that the volume of tetrahedron bounded by the planes,

F.(mj+nk)=0, F.(nNk+ (i) =0, F.(Ci+m]j)=0, f.(( i+m j+n k) =p is

3

2p

F.(0 i+m j+n K) = p X1 R WHagehld Bl 3madH =

Vectors along the edges passing through the origin.

(Mj+nk) x (¢i +nk) = mni +n¢j — fmk

(nR+€f)><(Ef+m]) —mniA+nK]'+€mR

(67 + m]) X (m] + nR) mni — nﬁ] + (mk

Let the equation of one edge be r = X(mnf + nf]—ﬁmﬁ)
For its point of intersection with the plane F.(ﬁf + m] + nR) =p, we have

A (mnf+n£]—£mR). (,€f+m]+nl2) =p = P
/mn
mn nl{ —-{m
-mn nf/ /m | =4/°men?
mn -n{ {m

3 3

volume of the tetrahedron = l P 5
6 (/mn)

T g 9 oA Tl BRI & rgfa Afew

(m] + nR) X (f? + nR) = mni + nﬂ] — tmk

.4/2m2n? = E P
3 /mn

(nR+€f)><(ﬁ+m]) = —mnf+nﬂ]+fml2

(€f+m])><(m]+nl2) = mnf—n@]+€ml§

HHIP T DR BT FHIBROT 1 = A(mni +nlj — (mK)

SAGT GHASA F.(0+mj+nk) =p B T Ufess fawg & frg

k(mnf+n€]—ﬁm|2) . (€f+m]+nl2) =p

3

2p

3/mn’

Rig HINT 5 Y W wAdel r.(mj+nk)=0, r.(nk+¢i)=0, F.(¢i+m])=0,

/\
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6.

Sol.

Hindi.

mn nl{ —-(m

A= P -mn nf /m | =4/2m2n?
/mn
mn -nf /m
me:l p° .4£2m2n2=g p°
6 (/mn)° 3 /mn

In a A ABC, let M be the mid point of segment AB and let D be the foot of the bisector of £ C. Then
ar(ACDM) 1 a-b 1 A-B _A+B

= — = —tan cot .
ar(AABC) 2 a+b 2 2

fF A ABC # 4o AB &1 A fdg§ M 8 iR D, L C & 3 &1 ue 2| a9 g @Ifog

ACDM @180 1 a-b 1 A-B A+B
= —tan cot

prove that

AABC ®@ldo 2a+b 2 2 2
A
D
a
B C
CT):anrbb
a+b
CNi ath
2

ar(ACDM)=%|cﬁxcﬂ|
1 1

= — a-+bb)x(a+b)| = —b) (axb
2 x @iD) (aa+bb)x(a+b) 2 @ib) [(a—=b) (axb)|
1 asb g6 = 1220 4 waBg)
2 a+b 2 2 a+b
ar(ACDM) 1a-b 1. A-B _A+B
- —Z ~ - _tan cot
ar(AABC) 2 a+ 2 2
A
D
a
B C
CT):anrbb
a+b
CMizath
2
A CDM &1 &5hel = %|ﬁxCTvl|
- |@a+bb)x(E+b) = — 1 |(@a—b) (3xb)|
T4 (a+b) 4 (a+b)
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Sol.

Hindi.

1 oash 1 6= 1220 4 aaBg)
2 a+ 2 2 a+

ar(ACDM) _1a-b _ 1, A-B _A+B
ar(AABC) 2 a+b 2 2 2

Let ABC be a triangle.Points M, N and P are taken on the sides AB, BC and CA respectively such that
AM_ BN _ CP 5 Prove that the vectors AN, BP and CM form a triangle. Also find A for which
AB BC CA
the area of the triangle formed by these vectors is the least.
Ans. )= l

2

AT ABC U& 391 2| 9o AB, BC 3R CAWR &3 fg M, N3iR P59 UaR 4 © b
%:%:%:xﬁﬁaﬁﬁm%m AN, BP @21 CM U& 3 a0 8| A &1 98 A9 o1

Py e fory 39 Afewi gr1 [fia B &1 aa%wa =FaH 8 |

Let 4 b, ¢ be the position vectors of A, B, C respectively.
OM = Ab +(1=2)a, ON = A+ (1-A)b, OP = Ada+(1-1r)C
AN=2¢+(1-A)b-a
BP=Aa+(1-A)Cc-b and CM=2Ab+(1-2)a-¢
Clearly AN+BP+CM = 0
AN, BP, CM form a triangle
Area of triangle formed by the vectors AN , BP, CM is

= %|(x6+(1—x) b-a)x(Aa+(1-1) c-b)| = %|x2—x+1| (A ABC)
is least if [A2— X + 1| is least

Which is when A = %

qrIfe A, B, C® Refy @fesr %9e: 4, b 9 ¢ 2|
OM = Ab +(1=2)a, ON = Aé+(1-A)o, OP = aa+(1-1)C
AN=2¢+(1-Ab-a

/\
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Sol.

Sol.

Sol.

BP=Aa+(1-A)C—b @& CM=2b+(1-21)a—¢
Tqsedar AN+BP+CM = 0
. AN, BP, CM & 3ol q9md 2 |
gfeei AN, BP, CM & fafffa s &1 &5t 2 |

= %|(x6+(1—x) b-a)x(Aa+(1-1) c-b)| = %|x2—x+1| (A ABC)

T8 ATH BN AR |A2— A + 1| AH BT |
aﬁﬁsw%am:%gm

In any triangle, show that the perpendicular bisectors of the sides are concurrent.

ol FBrygst # Rig Y fH goriall & o sfgd T & |

Let ABC be the triangle and D, E and F are respectively middle points of sides BC, CA and
AB. Let the perpendicular bisectors of BC and CA meet at O. Join OF. We are required to a
prove that OF is Lto  AB. Let the position vectors of A, B, C with O as origin of reference

be a, b and ¢ respectively.

oD =% (b+¢),0E = % (¢+a )and OF=% (a+b)
Also BC=¢-b,CA=4a- c¢and AB=b —a
Since OD L. BC
:%(6 +C).(C-b)=0 = bf=c2 ... (i)
Similarly OE 1 CA :>% (c+a).(a-c)=0 =a=C e (ii)

from (i) and (ii) we have a2 - b?=0

= (a+b).(b-a)=0 :»% (b+a).(b-a)=0 =

OF L AB .

A1 ABC Us ST & dem D, E d@er F s qoiieii BC, CA @2 AB & #eg fa=g 8 | @191 BC 3iR
CA T 9 G o5 O R e & | OF B HASd | 84 a I AaeIadha 3 a9 g & 8 f6 OF L

ABHMI A, B,C® O & dmer Rafy wdfdwr w9 a, b 3R ¢ &1
1

oD = (b+¢),0E = 1 (C+a )@am OF = — (a+b
2 2 2
GMBC=C-b,CA=a- C3R AB=Db -a

Zfe OD L BC
:%(B +¢).(6=b)=0 = b=c2 ...
SHR OE | CA :%(ma).(a_a):o
THHRT (i) MR (i) Ha2—b2 =0
N (a+b).(b-a)=0 :% (b+a).(b-a)=0 =

Let ABC be an acute-angled triangle AD be the bisector of «BAC with D
from B on AC. Show that ZCED > 45°.

on BC and BE be the altitude

e =g=Ior 3yt ABC # AT #BAC &1 318i AD 9 YR © & fdg D Yot BC R Rerd & ofik i

B ¥ Yol AC WR STl 1 &+ BE & | yaRid @ifoig i ZCED > 45°,
Let AB=c' and AC =D’

/\
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c'C+b'b
c'+b’
Also (a—¢).b =0

p.v.of Dis

¢ Gb b
Now cos ZCED = _C'+b’

¢ c+b' b -

—— 1 | ¢

c'+b

¢ |¢f ¢ |¢|

= cos0 = — — — = = =
‘C' c+b’ b‘ |C| \/(C')2|C|2+(br)2|b|2
. 2 =2
— (b2 bPcos26=(c)2|Cfsin26 = cos 8 _snC 1
sin“0 sin"fB  tan“C
2
~  cotto=%8C ()
sin“B
Since A,B,C are all acute.
2

Hence to prove that C(,)Sz C <1

sin“B
or cos C<sinB NowsinceB+C>% = B>%—C
or sinB>cosC = fromequation(ijcotb<1 = 6>45°

Hence Proved.

Hindi. @1 AB=¢’ 3R AC =D’
fa=g D @1 Rerfy e & C,er,b
c'+b
qorr (a—¢) . b =0
¢ G+b b
cos /CED = _C'+b"
¢ c+b' b | g |
c'+b |
- |12 -
¢ |¢| ¢ | ¢|
= cos6 = — - — = = —
‘C! C+b, b‘ |C| \j( C' )2|C|2+ (b! )2|b|2
= (b)2| b|? cos?26=(c')?|c[? sin26
cos’0 _ sin’C 1 o, COS°C
—— = ——5— X 5 = cotc0 = —
sin“ o sin"B  tan“C sin“B
4fd Bror A, B, C I <JASTT B |
2
o s R we B ford B S22 < W cosC<sinB
sin
B+C> = = B>L_C
2 2
a1 sin B> cos C = DT () cotd<1 = 0>45°
3ra: g ga |
10. In a quadrilateral ABCD, it is given that AB || CD and the diagonals AC and BD are perpendicular to

each other. Show that
(a) AD.BC = AB.CD

(b) AD + BC > AB + CD
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e =agHst ABCD ¥ 4iTd AB 3R CD TR¥R FHI=R 8 3R fddol AC 3R BD IR o= ¢ |

yefRid I b
(a) AD.BC > AB.CD (b) AD +BC>AB +CD
Sol.
A(@) B(b)
(0]
= C(ua)
D (Ab)
a.b=0
Also pa- Ablla—-b = p=Axr
(@ Irb-allpua-Dblz|(b —a)ll(rb —pa)
= (A2 b2 + a2)(u2a2 + b2) > (b2 + a?)(A2 b2 + p2a?)
= M p2ab?+a?h? > A2 a?b?+ plb2a?
- A2—1) (2-1)> 0
= (A2 =1)2> 0 which is true.
(b)  (AD +BC)2> (AB + CD)2
= ADZ + OD? + OC2 + OB? + 2AD.BC > OA2 + OB? + OD2 + OC?2 + 2AB. CD
which follows from (a).
Hindi.
A(@) B(b)
(0]
= C(ua)
D (Ab)
a.b=0
Also pa- Ablla-b = p=Ax
(@ |rxb-allpua-Dblz|(b —a)ll(rb —pa)
= (A2 b2 + a2)(u2a? + b2) > (b2 + a?)(A2 b2 + p2a?)
= M p2ab?+a%? > A2 a2b?+ p2b2a?
= (2= (=120
= (A2 b2 + a?)(u2a? + b2) > (b2 + a?)(A2 b2 + p2a?)
= 22 p2a2b?+a’? > A2 a?b?+ p2b2a?
= (2= (=120
= (R=1)2> 0 9 B |
(b)  (AD +BC)2> (AB + CD)2
= AD? + OD? + OC? + OB? + 2AD.BC > OAZ2 + OB? + OD2 + OC? + 2AB. CD
11. A, B, C, D are four points in space. using vector methods, prove that

AC? + BD? + AD? + BC? > AB? + CD? what is the implication of the sign of equality.
Fafte § A, B, C, D IR fIg & wfew Iy & f4g @Ifoiw & AC? + BD? + AD2 + BC? > AB? + CD? 3 firat
@ forg @1 o1ed AwEIE |
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Sol.  Let the position vector of A, B,C,Dbe a, b, ¢ and d respectively then

AC?+BD? + AD? + BC? = (¢ -4 ) + (d=b) . (d-b) +(d-a).(d-a)+(c-b).(¢-b)=|c |
+laff-2a . ¢+|dJ +|b| —2d .b+ |dP? +|]a® —2a . d+|C]? +|b?P—2b . &
=|a +|b” —2a . b +|CP +|df -2¢ . d+|af +|bP +|c[ +|d]

+23 .b+26 .d —2a.¢—-2b.d —23 .d—- 2b . ¢

- (a-b) . (a-b) + (¢-d).(¢-d) + (a+b-c-df
=AB?+CD?+ (a+b-¢-d). (a+b-c-d) > AB? + CD?

= AC? + BD? + AD? + BC2> AB? + CD?
for the sign of equality to hold, a+b—-c¢—d =0 or a-cé=d-b

= AC and BD are collinear, the four points A, B, C, D are collinear

Hindi. o1 A/B,C, D& Rafd afieer 3,6, c 3R dg a9
AC?+BD? + AD? + BC? = (¢-4)-(¢-4&) + (d-b) . (d-b) +(d-a).(d-a) +(c-b).(c-b)=|c P

+|af-2a . ¢+|d? +|bP —2d . b + |dP +|]a]® —2a . d +|¢]? +|bfP-2b . &
=|af +|bP —-2a . b +[cP +|df—2¢ . d+|af +|bf® +|CP +|df

+23a .b+2¢ .d -2a.c¢-2b.d -2a.d—- 2b . ¢
= (a-b) . (a-b) + (¢-d). (¢-d) + (a+b-c-d
= AB?+CD?+ (a+b-¢-d). (a+b-c-d) > AB? + CD?
= AC? + BD? + AD? + BC? > AB? + CD?
afer & g & forg, a+b—c6—-d =0 il a-G=d-b
= AC 3R BD W™ § @9 @R =g A, B, C, D @& B |

12. The direction cosines of a variable line in two near by positions are /, m, n; / + 8/, m + dm, n + dn. Show
that the small angle 66 between the two position is given by (86)? = (3)? + (3m)? + (3n)>2.
31 o Rafoal # td =) Y@ &) R&@HISA [, m, n; [+ 81, m + 8m, n + 8n & | UeRid $IRY & g7
31 R & #e &g BT 60 B (80)2 = (81)2 + (5m)2 + (Sn)2 S gRT faam ram 2 |

Sol. As (/,m,n)and (I + &/, m + 8dm, n + 8n) are the direction cosines of lines so we have
P+m2+n2=1 (1)
and (I + 0802+ (M +3m)? + (n +dn)2 =1 e (2)

Subtracting (1) from (2) we have
2(161 + mdm + ndn) + [(81)? + (dm)? + (dn)?3] =0
or 23 (I81) = — Z(81)? .. (3)
Also as 86 is the angle between these lines so we have
c0sd0 =1 (I +8l) + m(m +3m) + n(n + 3n)
= (2 + m2+ n?) + (I8 + mdm + nadn)

1—%[2(65)2], from (1) and (3) or %[2(6&)2] =1 —cosd0 = 2sin? [%SOJ =2 [%SOJ _ %9

2
sin [%SGJ = %89 or (81)2+ (dm)?2 + (8n)? = (86)?
Hindi. @il @ ReaIsard (1, m, n) @7 (I+ 8, m +8m, n +8n) & | Ik
P+m2+n2=1 .. (1)
SR (I+3)2+ (M +3m)2+ (n+on)2=1 e (2)

THHIOT (2) F A FHHRI (1) DI geM W

2(161 + mdm + ndn) + [(8)? + (dm)? + (dn)?] =0
I 23 (I81) = — (1) . (3)
39 <1 YRl B "I BT §0 B | Ik
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13.

Sol.

14.

Sol.

€0sd0 =1 (I +8l) + m(m +3m) +n (n + dn)
= (2 + m2+ n?) + (I8 + mdm + nadn)

= 1—%[2(65)2] FHIHRT (1) T21 (3) A

2 2
a 1[2(65)2] —1—coss0=2sinz( 150 |=2 [1so| = 29
sin (%86) = %86 a1 (81)2+ ()2 + (5n)2 = (80)2 S ¥ (a) @1 SR B =v
2 |
a® +b® +c?
In a AABC, prove that distance between centroid and circumcentre is _|R* — —

where R is the circumradius and a, b, ¢ denotes the sides of AABC.

AABC % g 3T & d=sd iR uRa< & 7ea \/Rz_{a2+b2 +02]

9
S8l R uRFam 8 @em AABC &1 4aiY a, b, c & |

Let the circum centre be (O)

A1 (0) aRew= B

G- (a+b+c]
3

0OG = l|€1+kﬂ)+6|

w

= % JIaF +|b +|G [ +2(ab+bc +c4a)

|aP=lbP=cf =R

% J3R? + 2R?(cos 2A + cos 2B +cos 2C)

% \/SRZ +2R?*(1-2sin* A +1-2sin?B+1-2sin°C

%\IQRZ—(aerbZJrc"‘)

R? _ a? +b? +c?
9

Prove that the square of the perpendicular distance of a point P (p, q, r) from a line through A(a, b, c)
and whose direction cosines are ¢/, m, nis £ {(q —b) n — (r — ¢c) m}z

fag @I & fa5 A (a,b,c)  Tore arell ¥ e Reersarg ¢, m, n 8 @1 g P(p,q,r) ¥ a=aq
@ d T T{(q-b)n-(r-c)m}z g

/\
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P(p. a. 1)
A(av b, C) M <{, m,,n>
i ik
Consider AP x ((i+mj+nk) = |p-a q-b r-c
¢ m n

=X (n(@-b)-m(r-o) i
MP2 = | APx (i +mi+nk) [ =S {n(q=b)=m (r=c)p

P(p. a. )
Hindi, 7A@ .0 M <4m, n>
i j k
HqfB AP x (Ci+mj+nk) = [p—a gq-b r-c
( m n

=X (n(g-b)-m(r-c)i
MP2 = | AP (/i +mj+nk) [ =S {(n (q=Db)—m (r—c)p

15. () Let 7, & ¢, be two skew lines. If P, Q are two distinct points on 7, and R, S are two
distinct points on /, , then prove that PR can not be parallel to QS.
(i) A line with direction cosines proportional to (2, 7 — 5) is drawn to intersect the lines
X=5 _y=7_2+2 g X*3_¥=3_2-6 iy the coordinate of the points of

3 —1 1 -3 2
intersection and the length intercepted on it. Also find the equation of intersecting straight line.
(i) ARG ¢, & ¢, ] fawAdea v@mg (skew lines) 21 af ¢, R Rea &1 i1 A5 P, Q &
Jern ¢, W Rerd A1 =1 g R, S &, @1 fig $IRTT PR, QS & F9I=iR =181 & Al & |

(i)  UH @1 R Reseant (2,7 - 5) @ GuHud] &, Y X;5=y__17=2:2¢ci

x+33:y;3:z‘—16 &1 yfees a2 | ufeeed Igell & Fdwis don 39 W 99 sraafied
YN &) THTg S BT | F1 8 Ufdeeed ORe &1 & AHIHR0 ¥ SiTd I |

Ans. (2,8,-3)&(0,1,2); 78 ; X;2=y;8:”53
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Sol.

Hindi

(i)

(ii)

(i)

(i)

Let equation of the line ¢, be r = a+Ab and equation of the line /,be I = ¢ +pd,

where a—¢, b and d are non-coplanar.
Let the position vectors of points P and Q be a+2, b and a+ k26 respectively.

Let the position vectors of points R and S be ¢+p,d and ¢ +p, d respectively.
Then the lines PR and QS are parallel if and only if ¢ —a+p,d—Ab=k (¢ —a-+ p,d—A,b)

ie.  (1-K)(c-a) +(n,—kp)d — (A, —ki)b = 0
1-k=0,p,—ku, =0,A, —kir,=0
i.e. U, =, and A, = &, which is not possible PR can not be parallel to QS.
The given equation
x—5:y—7:z+2 () and x+3:y—3:z—6
3 -1 1 -3 2 4
any point P on (i) is (3r, + 5, —r, + 7, r, — 2) and any point Q on (ii) is
(=3r,—3,2r,+3, 4r, + 6)
the direction ratios of PQ are
(3r,+3r,+8,—r,—2r,+4,r —4r,—8) ... (iii)
suppose the line with d.r's 2, 7, — 5 will be proportional to the d.r.’s given by (iii)
3r1+3r2+8:— r1—2r2+4:r1—4r2—8 (V)
2 7 -5
Solving (iv), we get ro=r,=—1
So point of intersection are P(2, 8, — 3) and Q(0, 1, 2)
and intercepted length = PQ = \/(2—0)2 +(8=1P2+(- 3-2) =478

.. (ii)

X-2 y-8 z+3
7 5
A {5 Y@M ¢, BT TPV 1 = a+Ab ¥ AT W L, BT TG F = C+pd B |
W&l a—¢, b T d AT B |
A1 & favgell P den Q@ Rufy afder swwer a+4,b @1 a+a,b ¥
A1 & fagell Raen S & Reifay afdwr ®wer ¢+p,d @M C+p,d &
a1 ¥Erg PR @2 QS =R € Ak iR dadt a7 ¢-a+pd-Ab=k (C—a+u,d—2A,b)
ie.  (1-Kk) (G-a) + (un,—ku)d —(, —kr,)b =0
1-k=0,p,—kp, =0,A, —kr,=0
e,  p =p A A =, S b A9a TE 2
PR, QS & WHI<R 7T&l 8l Wil © |
XxX-5 y-7 z+2 . Xx+3 y-3 z-6 .
Qe FHIHRo I R L) den = "o T2 ... (ii)
BIs fag P Y= () W (3r, +5,— 1, + 7,1, — 2) TAT XA (i) R BIs a5
Q(-3r,—3,2r,+3,4r,+6) 2|
PQ @ faa@mergurd f= 2—
(3r,+3r,+8,—r,—=2r,+4,r,—4r,-8) ... (iii)
A1 & (iif) 9 A T fRgsgu Y@ e Raergua 2,7,-58 , & FHgUR &8N |
3r+3r,+8 — r-2r,+4 r,—4r,-8 .
5 = - = - e (i)
(iv) I B B W YT Bl & fob r=r,=—1
3ra: gfoese fag P(2, 8, —3) @M Q(0,1,2) & |

qen sraEfded awTg = PQ = ((2— 08 +(8—172 +(- 3-2)* =78

and equation of PQ is

/\
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16.

Sol.

17.

Sol.

Tl PQ &1 FHIGRT X;2=y;8:2+53 2l

The base of the pyramid AOBC is an equilateral triangle OBC with each side equal to 4 J2.'0" isthe
origin of reference, AQ is perpendicular to the plane of A OBC and | AO| =2 . Then find the cosine of

the angle between the skew straight lines one passing through A and the mid point of OB and the other
passing through 'O' and the mid point of BC.

T faRife AOBC &1 3M¥R T wHaTg st OBC 2, e Udd 4ol 42 & a_aR 81 '0" &I 7o
fa=g AT T 21 AO, AOBC & ¥#dd & oidad & iR |AO| =2 2| 31 fiuAdel Yari & 99 &
BV P BISAT (cosine) T PHIIY Tafh TH Y@ A R OB & 7ed fag 9§ oikell 2 a1 g™l ¥ 'O
dem BC & #eg fawg & ol & |

1

Ans.

AD = 22i -2k

CTEsz/Eh\/é]
12

NENT

1
cos 0= —

N

If D, E, F be three point on BC, CA, AB respectively of a AABC. Such that the line AD, BE, CF are

concurrent then find the value of E E E

CD AE BF’
Ifd AABC & BC, CA @21 AB W %Her: o9 fag D, E, F $9 UaR 2 & Y@ AD, BE, CF ¥ 8 @@
BD CE AF
— . — . — . B "M PTG —
CD AE BF i
Ans. 1

cos 0 =

xa +yb +z¢ +wp
X+y+z+w=0

From the two equation &1 FHIHRUIT A

xa +yb _ZC+Wwp

X+Yy Z+wW

xa+yb
X+Yy

Position vector of F &1 Rerfa afeer =

F divide AB in the ratio = ¥
X

/\
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F,ABﬁ%%aﬂmﬁﬁWWél

AP _ Y
FB  x
- BD =z CE x . AF BD CE
Similarl YR — = — A A |
v CD AE z BF CD AE
18. Without expanding the determinant, Prove that
na,+b, na,+b, na;+b, a, a, a,
nb,+c, nb,+c, nby+c, | =(n®+1) | b, b, b,
nc,+a, Nnc,+a, NC,+a, C;, C, C,4
RS B fawaR fby 971 Rig Sy
na, +b, na,+b, na;+Db, a, a, a,
nb,+c, nb,+c, nby;+c, | =(n*+1)| b, b, b,
nc,+a, nc,+a, NC,+a, C, C, Cg
Sol.  Let's consider #AMI &
i ~ ~ ~
a=ayi+ayj+agk
b= b,j+b,+bk
c= c1f+c2]+c3l2
we have to prove &1 g &1
[n;+b na+c n3+;}:(n3 +1)F b Z}
(nasj.[(ns ; zjx(na;j]
— (na+b).[n*(bxc)+n(bxa)+n(cxc)+cxa] [cxc =0]
= na(n’(b xc)+n(bxa)+cxal+b(n®(bxc)+n(bxa) + (cxa))
nla b c]+[b ¢ a]
(m+1)[a b c]
19. (i) OABC is a regular tetrahedron D is circumcentre of A OAB and E is mid point of edge AC.
Prove that DE is equal to half the edge of tetrahedron.
(i) If V be the volume of a tetrahedron and V' be the volume of the tetrahedron formed by the
centroids and V = k V' then find the value of k.
Ans. (i) 27
(i) OABC T& d9adwhaid &, AOAB &1 uRe< D & 3R f& R (Edge) AC &1 #&n fag E & | Rig
Y & DE, T9aqehad @I fFR (Edge) @ et 7|
(ii) IV AHISFAD BT AR 8 3R V' S=dhl & §RI 9910 T FHIGEhAd Bl AR & a1
V=kV'. dl k &1 A9 91d BT |
Sol. (i)
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Vector & Three Dimensional Geometry /

C

E
O A
oD = OA;OB = a;—b (- AOAB is an equilateral A)
OE=2t¢
2
DE - a+32—2b

— 2
IDE| = (#J (1] =|b| = || and 6 = 60°)

= DE=1\/a2+9a2+4a2+————— = DE= —y9a°® = DE=2
6 2 2 2 6 2
.. 1 - - -
ii V=—[a b ¢
(i) 5 [ ]
The centroid are a+b’ b+c, c+a, a+b+c
3 3 3 3
vol|é-a cb cl_ 1 g 1y k=27
6 3 3 3 6x27 27
Hindi (i)
C
E
(0] A
CTD:OA;:OB = a;b (.- AOAB v @#dlg [y &)
—E:ﬂ
2
— a+3c 2b
IDE| = ’“3‘3 2| (w1a] = |b| = |&| 727 0 =609
2 2 2
= =l\/a +9a% +4a® +Gi_ﬁ_4i = DE=1\/’9a2 = DE=g
6 2 2 2 6 2
(ii) vl [@ b ¢]
6
— a+b, b+c, c+a’ a+b+c &/
3 3 3 3
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20.

Sol.

21,

Sol.

voljeza cb el 1 Lpg-.ty - kooz
6| 3 3 3| 6x27 27

Giventhat U=i-2j+3k V=2i+]j+4k, w=2i+j+3k and (GR-10)i + (VR-20)j + (WR-20) k =
0 then find R

Ans. R=10i

fom mn § G=1-2]+3k Vv=2i+]+4k, w=2i+j+3k 3R (UR-10)i + (VR-20)j + (WR—-20) k =
0 99 R & 51d #If |

UR)i + (VR)] + (WR)k = 10i +20] +20k

ﬁ:x7+y]+zl2

UR =x—2y + 3z

V.ﬁ{a: 2X +y + 4z

W.R =x+3y+3z

(X—2y+32) i +(@x+Yy+42) | +(x+3y+32) k = 10i +20] +20k

= Xx=2y +3z=10 (1
2X+y+4z=20 (2)
2X+y+3z=20 (3)
(x,y,2)=(10, 2, 5)

R=10i

AB, AC and AD are three adjacent edges of a parallelopiped . The diagonal of the parallelopiped
passing through A and directed away from it is vector @ . The vector area of the faces containing
vertices A, B, Cand A, B, D are bandc respectively ie. ABxAC = b and ADxAB=3¢. If
projection of each edge AB and AC on diagonal vector ais |%|, then find the vectors AB, AC and
AD intermsof a8, b, ¢ and |a].

AB, AC 3R AD U& °9™ &1 I = Yol g | 999 & ¥ fdg A 9 oA arenl iR 399 ] &l
R o e & el wiew a 21 b e N A,B,C @1 A,B,D & & &5%d H9: ARy b

dem ¢ B 3aiq ABxAC =b 3R ADxAB=¢ If ol AB 3R AC Y% &, fisoi a W= uey |%|%,

dar a,b, ¢ g la| ® wal # wfew AB. AC @l AD @1 SiTd @i |

ans. AB-AD=3%%3 AG - 14 5x<§;6) . 3(Eix2§); AD - 1as ax(ﬁga) _3(xa)
El 3 EY El 3 EY El
—_— D;. _ _
a=AP=AB+AC+AD ... (i)
ABxAC =b
ADx AB = ¢
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/

Ag 2 _lal
1A . 22
lal 3 ie. ABa- 2l
3
. A ~ . ~ 12
Ac.2 - 1al ie. AG.a- 12l
|1a] 3 3
(ABxAC)xa=bxa
=2 22 N
% AC_%AB = bXé
— _bxa .
AC—AB:3|51|2 .......... (ii)
|af=AB . a+AC . a+AD . a
e
1al’ _ABa
3
(ADxAB)xa=Gxa KE—KB:STfF ........ (i)
a
from (i) , (ii) and (iii), we get AB = lé ax (P 2—C)
3 EY
Now from (ii) and (iii), we can easily find AC and AD
Ezlé +ax(P;c)+3 gb:a) : ﬁ:lg+ax(P;C)_3 Sc:a)
3 |a| EY 3 |al Y
Hindi
— Dg. — —
a=AP=AB+AC+AD ... (i)
ABxAC=b
ADxAB =¢
a5 a _la]
AB.—=—
la] 3 aga_ 2P
I AB.a= 3
=z = o =2
ac.2 - 1al sefq AG.a- 12
la] 3 3
(ABxAC)xa=bxa
212 . 132
% AC_%AB = bXé
. —— _bxa ..
AC - AB = SW .......... (11)
|af=AB . a+AC . a+AD . a
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22.n

Sol.

|é-|2 :m’é
3 .
. — cxa
(ADxAB)xa=c¢xa .. AB—ADleélz ........ (iii)
R — 1. ax(b-c)
JHIER (i), (ii) 3R (iii) & AB=§a+W
FHIBROT (ii) 3R (i) @ AC and AD
AG- 1z +éx(g)—6)+3 (46@) ; ATD:lé+5x(g)—6)_3 gaxé)
3 |af? |af 3 |af |af?

/\
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