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Q.B.- SOLUTIONS

STUDY MATERIAL : MATHEMATICS

VECTOR & 3-DIMENSIONAL GEOMETRY

VECTOR

SCALARQUANTITY & VECTORQUANTITY

Scalar Quantity : A quantity which has only magnitude
and not related to any direction is called a scalar quantity.
For example Mass,Lenght ,Time ,Temperature,Area
Volume, Speed ,Density Work etc.

Vector Quantity : A quantity which has magnitude and
also adirectionin spaceis called a vector quantity .

For example, Displacement ,Velocity, Acceleration, Force,

Torgue etc.
B

REPRESENTATION OFVECTORS:

Vectors are represented by directed line
segments. A vector 3 is represented ;

by the directed linesegment oAg. A
The magnitude of vector 3 isequal toAB and thedirection
of vector 3 isaongthelinefromA toB.

TYPEOFVECTORS

@

@

©)

4

©)

Null vector or zerovector : If theinitial andterminal points
of a vector coincide then it is called a zero vector .It is
denoted by o or O. Its magnitude is zero and direction

indeterminate.
Unit vector : A vector whose magnitude is of unit length

along any vector 3 iscalled aunit vector in the direction

of 3 andisdenoted by 3.

Note: (a) |a] =1

(b) Two unit vectors may not be equal unless they have
the same direction.

(c) Unit vectors parallel to x- axis ,y-axis and z-axis are
denoted by i, ] and k respectively.

Reciprocal vector : A vector whose direction is same as

that of agivenvector 3 but itsmagnitudeisthereciprocal

of the magnitude of the given vector 3 is called the

reciprocal of 3 and is denoted by a™L.

1
Thusif 3 =a a thenal = gé

Equal vector : Two non zero vectors are said to be equal
vectorsif their magnitude are equal and directionsare same
i.e. they act parallel to each other inthe same direction.
Negative vector : The negative of a vector is defined as
the vector having the same magnitude but opposite
direction.

(©)
(7

(®)

©)
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ADDITIONOFVECTORS:

(A)

(B)

For exampleif 3 = PQ , thenthenegativeof 3 isthevector

Q—p and is denoted as —3

Collinear vector : Two or more non zero vectorsare said
tobecollinear vectorsif theseare parallel tothesameline.
Likeand unlikevector : Collinear vectorshaving the same
direction are known as like vectors while those having
opposite direction are known as unlike vectors.

For example, the vectorsgiven by figure (a) arelikeand
given by figure (b) are unlike vectors

A B

C D
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(b)
Coplanar vector : Two or more non-zero vectorsare said
to be coplanar vectors if these are parallel to the same
plane.

L ocalised vector and freevector : A vector drawn parallel
to a given vector through a specified point as the initial
point, is known as alocalised vector. If theinitia point of
avector is not specified it is said to be a free vector.
Position vector : Let O bethe origin and let A be a point

suchthat oA =3a then, we say that the position vector of
Aisa.

Let 3 and b be any two
vectors. Fromtheterminal

point of 3, vector b isdrawn. o
Then, thevector fromtheinitia

point O of 3 totheterminal point B of b iscalled thesum

Q)J,"

of vectors 3 and b and is denoted by a+b. Thisis

called the triangle law of addition of vectors.
Thevectorsare aso added by using the following method.

Let 3 and b beany two vectors. From theinitial point of
a, vector p isdrawn. Let O betheir commoninitial point.

If A and B berespectively theterminal pointsof 3 and b,
then parallelogram OACB is completed with OA and OB
asadjacent sides. Thevector OC isdefined asthe sum of

3 and b. Thisiscalled the parallelogram law of addition
of vectors.

==
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(@ Propertiesof Vector Addition:
(i) Vector additioniscommutative,i.e. a+b=Db+a.
(i) Vector addition is associative,
i.e a+(b+c)=(a+b)+c
(i) O +a=3a+ O = a. So, thezerovector is
additive identity.
(v) a+(-3a)=0=(3a)+ a.So,theadditive
inverseof g is— 3.
(b) Addition of any Number of Vectors:
To find the sum of any number of vectorswe represent
the vectors by directed line segment with the terminal
point of the previous vector as theinitial point of the
next vector. Then the line segment joining the initial

point of the first vector to the terminal point of the

last vector will represent the sum of the vectors:
o

Thusif, OA = a, AB = b, q ,
C
BC=c,CD=d,DE=e P 5
e
and EF = f then £
at+b+c+d+e+f o b
- A

a

=OA + AB + BC + CD + DE + EF = OF
If theterminal point F of the last vector coincide with
initial point of the first vector then

a+b+ctd+e+f
=OA+AB+BC+CD +DE+EO=0,

i.e. the sum of vectors is zero or null vector in this
case.

Examplel:
If Cisthe middle point of AB and Pis any point outside
AB, then —

(1) PA + PB = PC (2) PA + PB =2PC
(3) PA +PB + PC=0 (4) PA +PB +2PC =0

.- AC } B

"cB 1
— AC =CB c
= AP+PC=CP+PB
= ﬁ&+ﬁ’§:2ﬁ6 p > A

Sol.

Example2:
ABCD isaparalldogramwhose diagonalsmeetat P. If Ois

afixed point, then QA + OB + OC+OD equals
(1) OP (920P
(3)30P (4)40P

Sol. (4). Since, P bisects both the diagonal AC and BD, so
" OA+0OC=20P and OB+OD = 20P
= OA+OB+0OC+OD =40P

Example3:

IfA=(2i +3j), B=(pi +9j) and C=(i— j) are collinear, then
the find the value of p.

AB =(p-2)i+6j, AC =i-4j
NowA,B,Carecollinear < AB || AC

Sol.

p-2_6 _ _
o 12 =>p=-712
DIFFERENCE OFVECTORS 2
If a and b be any two vectors, > b
then their difference 3 — b is d

definedas 3 + (-b).

MULTIPLICATIONOFAVECTORBYASCALAR
If a beany vector and many scalar, then the multiplication
of a by misdefined asavector having magnitude|m ||z |
and direction sameasof 3, if mispositive and reversed if
mis negative . The product of a and mis denoted by m.
a.lf m=0,thenm3 isthe zero vector,

For example, if a = AB then|2a|=1[2||a|=2|a|and
direction same asthat of 3.

The magnitude of the vectors |- 3 a |=3|a|and direction
opposite as that of 3.

IMPORTANT PROPERTIESAND FORMULAE
1. (@) Trianglelaw of vector addition AB + BC = AC
(b) Parallelogram law of vector addition : If ABCD isa
parallelogram, then AB + AD = AC
(C) If E:Xlli\—‘,-yl’j-i-zllz and E:X2?+y2]+22|2 then
M+l = (g Xo) i+ (Y1 +Y2)i+ (Z +2o)k

and n=r, X =XY17Y2 2177,

2. (8 aandp areparalel if andonlyif a=m p for some
non-zero scalar m.
. a .
a=-— or a=|ala
(b) E a=|al

() Associativelaw: m(na)=(mn)a =n(ma)
(d) Distributivelaws: (m+n)a =ma +na and
n(a+b)=na+np

(e If F:xiA+y]+zI2 thenm? = mxf+my]+mzl2

4
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3.

M F,a, b aecoplanarif andonlyif ¥ = xa+yb for
some scalarsx and y

(@ If the position vectors of the pointsA and B be & and

b then,
(i) The position vectors of the points dividing the
lineAB intheratiom :ninternally and externally

mb+ na mb-na
e and
m+n m-n
(i) Position vector of the middie point of AB isgiven

1 - -
—(a+b
by >(a+b)
(i) AB=b-a

b) If F:xiA+y]+zIA< then |F|=1[x2+y2+22

(¢) ThepointsA,B,Cwill becollinear if and only if
AB = m AC , for some non zero scalar m.

d Givenvectors x,a+y,;b+zC, x,a+y,b+2z,c,
Xza+yzb+2z5C, where & b,¢ are non-coplanar
vectors, will be coplanar if and only if

X1 Y1 2
X2 Y2 22| -
X3 Y3 Z3

(e) Method to prove four pointsto be coplanar : To prove
that thefour pointsA,B,C and D are coplanar.Find the

vector AB,AC and AD and then prove them to be

coplanar by themethod of coplanarity i.e. one of them
isalinear combination of the other two.

) |a+b| < |al+|b]|
|a+b| > |a|-|b|
|a-b| < |a|+|b]
|a-b| > |a|-|b|
(9) Centroid, Incentre, Circumcentreand Orthocentre:
A(d)

Consider triangle

B(F) a C(7)
*  Podition vector of the centroid of atriangle ABC

Sas.ant (Concurrency of medians)

w [

p.v. of incentre of the A = a+bp+ey
a+b+c
(Concurrency of internal angle bisectors)

Excentres of the A are
—a0.+bB+cy aa—bfs+cyandaa+b;§—cy
—-a+b+c a-b+c a+b-c
*  p.v. of circumcentre of the A

_ G.Sn2A+Bsin2B+7sin2C

B Tsin2A

(Concurrency of perpendicular bisectors of sides)
*  p.v. of orthocentre of the A

_ atanA +btanB+CtanC
ZtanA

(Concurrency of altitudes)

Example4:

Sol.

If vectors 2i—j + k, i + 2j— 3k and 3i + aj + Sk are coplanar,
then find the value of a.

If given vectors are coplanar, then there exists two scalar
quantities x and y such that

2i—j+k=x(i+2j-3k) +y(3i+aj+5Kk) (D)
Comparing coefficient of i, j and k on both sides of (1) we
get x+3y=2,2x+ay=-1,-3x+5y=1 ... 2

1 1
Solving first and third equations, we get x = 5Y=5

Since the vectors are coplanar, therefore these values of x
and y will satisfy the equation

1 1
2x+ay=-1 .. ZXE +axE =-1=a=-4

SCALAR PRODUCT ORDOT PRODUCT

@
(b)

©

@

C)
®

a.b =abcosh, where0<06<r

a.b =a(Projectionof b along a)

Wl

b.

Projectionof b along a=

Y

The vector perpendicular to both a and b is given by
axb
The unit vector perpendicular to both 3 and b is given
. (axb)
n=-——
by =355

a.b=0=3=00rp=0

Component of a vector r in the direction of a and

perpendicular to @ are (i}é and r- E—z) a
El |al

respectively.

5
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(9 If a and b arethe non-zero vectors, then

ab=0<alb
() cosh=4a bo 2P
lal.[b]
() ii=jj=kk=1
ii=ji=jk=ki=ik=0

() 1fa=(a,a, a)and b =(by, by by
ieifa=ai+aj+agk and b =b;i + b, j+bsk
then
() ab =ab;+ab,+aby
agby +ayh, +aghs
\/af+a§+a§\/bf+b§+b§

(i) a and b will be perpendicular if and only if
aby + 8 b, +a3b3=0

(i) cosH =

. —~ . . . X ads a.3
(iv) a and b will bepardlel if andonlyif ~—==—"—==-—~
by b, bs
Example5:
Find the projection of vectorsi + j + k on the vector
i—-j+k
Sol. Proiedii _(i+j+k)(i—j+k)  1-1+41 1
CTASNE Tk TV VB

Example6:
Find the angle between the vectors

4iA+]+3IA< and 2f+2]—
Sol. Lettherequired angleiso.

0=

_1( 4-2+41.2+3(-1) ) (7
S\ eitsovaran) @ [ﬁj

Example7:

Find the vector components of avector 2i + 3] +6k a ong
and perpendicular to non-zero vector 20+ ] +2k.

Sol. Let a=2i+3j+6k and b=2i+j+2k
Now, vector component of aalong b

_aby 4:3412 5
|b] 9

and vector component of a

+2K) = —(2i“+]+ 2k)

perpendiclar to b.

i
o

=a-

5:(2f+3j+e|z>_§<zf+]+2|z>

Et

= g(—zo? +8]+16K)

TRYITYOURSELF-1

Q.1 Find the angle between two vectors aandb with
magnitude /3 and 2 respectively having ab=+/6 .

Find the projection of the vector i —j onthevector i+ .

Q.2
Q3

Find the magnitude of two vectors @and b having the

same maghitude and such that the angle between them is
60° and their scalar product is1/2.

Q4 If a=2i+2j+3kb=—i+2j+k and c=3i+] are

suchthat 2+ b isperpendicular to c, then find the value

of A.
If theverticesA, B, C of atriangleABC are
(1,2,3),(-1,0,0), (0, 1, 2) respectively, then find £ ABC.

If aandb are two unit vectors such that a+2b and

Q.5

Q.6

5a—4p are perpendicular to each other then the angle

between aand b is
(A)45° (B)60°

1 (13 (D) cost (27)
Let a=i+j+k, b=i—j+k and =i—j—k bethree
vectors. A vector y in the plane of @aandb, whose
projection on ¢ is 1/+/3 , is given by —

(A) i -3j+3k (B) -3i—3j—k

Q7

(©) 3i—j+3k (D) i +3j-3k
Find the position vector of apoint R which dividestheline
joining two points P and Q whose position vectors are

(2a+Db) and (a—3b) externalyintheratiol: 2.

QS8

Q.9 The scalar product of the vector i+ j+k with a unit

vector along the sum of vectors 2 +4j -5k and

A+ 2]+3R isequal one. Find the value of A.

ANSWERS
Q) w4 20 31,1
-1 10
4 8 (5) cos [ \/10_2] (6)(B)
n © (8) 3a+5b 91

VECTOR OR CROSSPRODUCT OF TWOVECTORS
1. The product of vectors & and b is denoted by axb.

axb = (|a||b|sin®)

[4
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4. Didributivelaws ax(b+c)=axb+axc i j ok

and (b+c)xa=bxa+cxa Nowaxb=[> 1 2 =gi_gj-8k
5. Thevector product of avector a withitself isanull vector, 2 2 4

ie axa=0 . Area=8i-8j-8k| =8./3 units
6. ifa=a+aj+agk and b =byj +b,]+bsk then

(i) axb =(ayby—agh,) | + (aghy—a;bs) j + (ayb,—a,by) k

ik

(i) axb=|a a, a

(ili) sin20 =

7.

8.  Areaof theparalelogramABCD
. 1 — —
=|ABxAD|0rE|ACXBD|
: 1l = 4=
9. AreaofthetnangleABC:§|ABxAC|
Example8:
If angle between i — 2j + 3k and 2i +j + k is 0 then find the
vaueof sin 6.
Sol. Wek hat sin 6 |axb
. Weknow that sin 6 =
lallb]
Nowa x b =-5i+5j+5k
~laxb|= |(5)2+(5)%+(5)? = J75=5/3
lal= y1+4+9., Ibl=4+1+1
Snoe 5/3 533 5 5
CSNYE iavoar1el Vi V28 27
Example9:
Find the area of a parallelogram whose two adjacent sides
are represented bya=3i+j+2kandb=2i-2j+4k.
Sol. Areaof parallelogram=|axb|

by by bs

(aphs —a3hy)? + (aghy — aybs)” + (ayh, — ayhy)?
(af +a5 +a5) (bf + b3 +b3)

If two vectors a and b areparalel, then®=0or ni.e.
sin = 0in both cases

~ (ag by —ay by)? + (ap by —agby)? + (ag by —ay b3)? =0

= albz—azbl :0, azbg—agbz :O, a3b1—a1b3:0

& _BH B B B A q_H_ &
= - 5 - 5 - = - -
by by’ by b’ by by by by, b3

Thus, two vectors & and b are parallel if their

corresponding co,ponents are proportional.

SCALARTRIPLE PRODUCT

1.

10.

If a=a] +a,j+agk. b =byj +b,j+byk and
C=Cyi +Cpj+Cgk , then
& a &
(axb).c = [abc]=|b; b, by
G G C3
[ab c] = volume of the parallel opiped whose coterminous

edges are formed by a,b, ¢

[abc]l=[b ca]=[cab]but[abc]=-[acb]etc.
i.e. change of any two vector in scalar triple product
changes the sign of the scalar triple product.

If any two of the vectors a, b, ¢ areequal, then[abc] =0
The position of dots and cross in a scalar triple product
can be interchanged. Hence (axb). ¢ = a(bx¢)

The value of a scalar triple product is zero, if two of its
vectorsareparallel.

a,b, ¢ arecoplanar if andonly if [ab ¢] =0
Four points A, B, C, D with position vectors a, b, ¢,d
respectively are coplanar if and only if [AB AC AD]=0
i.e.ifandonlyif [o-a c—a d-a] =0
Volume of atetrahedron with three coterminous edges
R T
a,b,c=g‘[a b c]‘,
If 3, b, ¢ d arepositionvectorsof verticesA, B, C, D of a
tetrahedron ABCD, then its volume

1) — — —

< ‘[AB AC AD] \

= or

é| [b-ac-ad-a|

Volumeof prismon atriangular basewith three coterminous

edges é,B,E:%\[a b q]|

=
I 180
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Example10:
If a=2i-3j,b=i+j—k andc=3i-k representthree 1.
coterminous edgesof aparallel opiped, then find the volume
of that parallelopiped.

2 -3 0
- -1 1 _ —
Sol. Volume=[abc] = =-2+9-3=4
3 0 -
. 2.
Example11:
If the vertices of any tetrahedronbea=j + 2k , b = 3i +k,
c=4i+3j + 6k and d=2i + 3j + 2k thenfind itsvolume.
Sol. Let the p.v. of the vertices A,B,C,D with respect to O are
a,b,c and d respectively then
AB =b-a=3i—j—k, AC =4i+2j+4k & AD =2i +2]
Now volume of tetrahedron
3 -1 -1
:l|:ﬁ)‘A_C’_D’j|:l4 2 4 =—6 5.
6 6|2 2 o0

.. Required volume = 6 units
VECTORTRIPLEPRODUCT

Thevector triple product of threevectors &, b, ¢ isdefined

as the vector product of two vectors a and bxg. It is

denoted by a x (b x ©).

(AxDb)x ¢ is avector which is coplanar with & and b

and perpendicular to €.

Hence (Axb)xE=xa+yb ..(1)

[ linear combinationof @ and b )

b

¢ .(Axb)x¢ = x (at)+y (b)

(2)

0=x (ac)+y (b)

X

b-

x=A(bg) andy=-1 (AC)
Substituting the values of

--L -
a-c

o
oy

@xb) &

Proof: (axb)-(¢xd) = u-(Exd)=(Ux7)-d

Properties:

Expansion formulafor vector triple product is given by
ax (bx¢)=(ac)b-(@abc

(b x &) xa=(b.a)c—(c.a)b

aa ab ac
[axb bxc cxa =[@abg? =P PP be
ta ¢b ¢t

Notethat if @,b,& arenon coplanar vectors then

axb, bx¢ and €xa will asobenon coplanar vectors.
Vector triple product is a vector quantity.
ax(bxc) #@xhb)x¢e

Unit vector coplanar with @ and b and perpendicular to

. (éxg))xé
[(@xb)xT|

Scalar Product of four Vector :

ol Ol

ol ol

u
(Dot and Cross areinterchangeable in STP)

((ax b)x¢)-d :((axé)B—(Bxé)a)-a

= (@x©)(bxd) - (bxT)@xd)) = ac ad
b-¢c bd
(axB)-@xb) = @xp)2 =| ¥2 2P
ab bb

= ()% = (b)? = (a-b)® which isLagrange'sidentity.

. ~ - - Example12:
xandyin (axb)xc=A(b.c)a-A(a.c)b ix(jxk)+jx(kxi)+k(ixj)equals
- 1)i 2j
Thisisan identity and must betruefor all valuesof 3, b,¢ Ea%L E4;JO

Put a=i ; B:] and =i
(xp)xi=r(.0)i-2 (.D)]
j=-A]=r=-1

Hence (axb)xt=(a.c)b—(b.c) a

Sol. (4). i (j xk)+jx(kxi)+kx(ix])

=ixi+jx j+kxk =0+0+0=0

Example13:
Prove that acute angle between the two plane faces of a

1
regular tetrahedronis cos™ 3

e
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Sol. Let edge length of regular tetrahedron =1

A, = normal vector to plane OAB = &@x b

A, = normal vector to plane OBC = bx &

O (ori gin)

B(D)

Acute angle between planefocus OAB & OBCisgivenas

ab ac
myny|  |@xB)-(bx0) bbb
cos6 =
|y |7z |(a><b)| |(b><c)| sin60-sin60°
0]
cos60° cos60° 1 1
cos0® cos60° ‘4_2‘ 1 1
- 3/4 =3 2536:c05‘1(§j (i)
4

RECIPROCAL SYSTEM OF VECTORS

@& If ab, c beany three non coplanar vectors so that

[a,b, ¢] #0 then the three vectors @', b', & defined by
bxc b = cxa _  ax b
the equations & [ b, c] [5, b, E] , [5, b, E]

are called the reciprocal system of vectors to the given

vectors a,b, C.

(b) Properties:
() aa'=bb'=cc'=1
(i) Thescalar product of any vector of one systemwitha

vector of the other system which does not correspond
toit,iszeroi.e.

(v) If{a’, b
is any vector, then

' ¢’} isreciprocal systemof {a, b, ¢} and f

r=(r.aa+(r.b)b+(r.cc'

r=(r.a)a+(r.b)b+(r.c)c

Vector Product of Four Vector :

V = (axb)x (€xd)
= Ux(Exd)=[abd]c-[abg]d ...(1) (where G = axb )
again v = (axb)x (¢xd) = (a.V)b- (bv)a
%_{_/
\Y%

==[acd]b—[bcd]a (2
From (1) and (2),
[abd]c-[abgc]d =[acd]b-[bed]a (3
Notethat (axb)x(€xd)=0 = planescontainingthe
vectors 3 & b and ¢& d areparallel.
IV (axb)-(€xd) = 0= thetwo planesare perpendicular.

Equation (3) issuggestivethat if 3,b,¢,d arefour vectors

no 3 three of them are coplanar then each one of them can
be expressed as a linear combination of other.

If a,b,¢,d are p.v.’s of four points then these four points

Condition for coplanarity of four points:

4 points with pv’s 3 b,¢,d arecoplanariff 3 scalarsx,y,
z and t not all simultaneoudly zero and satisfying

xé+y5+zé+ta:0 wherex+y+z+t=0.

B(D)
C(C)

Casel : Letthefour pointsA, B, C, D areinthe same plane

— thevectors b—3,¢—a and d—& areinthesameplane.

hence d—a = ¢ (b—3)+m (c-2)

((+m-1)a-¢b-mc+1d=
or —— - —— -
X y z t

= xa+yb+zC+td=0 where, x +y +z +t =0 and
X, Y, z, t not al simultaneous zero.
Casell : Let xa+yb+zt+td=0 where
X+y+z+t=0andnot al simultaneously zero
Lett=0 (-y—z-t)a+yb+ze+td=0
[ putting x=-y—-z-1]
(d-3) t+y(b-a)+z(E-a)=0

[¢
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= d-3a b-aand¢-a arecoplanar
= PointsA, B, C, D arecoplanar

Theoremin space: If 3,b,& are3non zeronon coplanar

vectors then any vector T can be expressed as a linear

combination: F=xa+yb+z¢ of ab,

(@]]

>
C

AC2)

Examples14:
Express the non coplanar vectors 3,b,¢ in terms of
bx ¢ txa axb.
Sol. Since [a b €]2=[(axb) (bx¢) (cxa)]
If 3b,¢ arenon-coplanar
= axDb,bx¢txa are aso non coplanar.
a=x(@xb)+y(bxt)+z(cxa)

Taking dot product with &

2
2 rahoa (3
a“=y[abCl=>y=—=
ylabcl=y b
Taking dot product with b
a-b=z[bca=z= qa;bq
[ab €]

. (a-c) (axb)+(@)%(bxc)+(ab) (cxa)
- [abq]

APPLICATIONOFVECTORINMECHANICS
(& Work doneby aforce= (Force) . (Displacement)

(b) Moment of aforce £ about apoint O= OPx F, where
P isany point on the line of action of the force E

(© Moment of the couple (F,r)=rxF

Example15:
Find the work done by a force represented by 4i + j — 3k
which displacesaparticlefromthepointA (i +2j +3k) to
thepointB (5i +4j +k)

Sol. Here F=4i+j-3k
d=AB =(5-1)i+(4-2)j+(1-3)k=4i+2j-2k
Work done by the given force=F.d

= (4i+j-3K).(4i+2j—2k) =16+ 2+ 6 =24 units

Example16:
Find the moment of the force 3i + k passing through the
point A ( 2i —j + 3k) about the point O (i +2j + k)
Sol. Herer= OA =i-3j+2k
. Moment of force F at A with respect to O
=rxF =(i-3j+4k)x(3i+k)
i j k
=1 8 A o3i+11j+ ok
3 0 1

VECTOREQUATIONOFASTRAIGHT LINE
(@ Vector equation of a straight line passing through a point

a and parallel to b is ;= a4+ th Wheret is an arbitrary
constant.
(b) Vector equation of a straight line passing through two

points & and b is r=a+t(b—a)
() (i) Vector equation of internal bisectors of angle between
. (& b)
two straight lines : r:tGJFBJ
(a b)

i i isector: 7=t
(i) Equation of external bisector : a2 b J

Corollary : If thelinesintersect at point having position
vector o, then the above equations becomes

F=a-+t(a+b) ad 7 =a+t (a—b) respectively.
Examplel7:

Find the vector equation of the line through the point

2i +j—3k and parallel to the vector i + 2]+ k.
Sol. Let the given point be A (8) and given vector be b and

O betheorigin.

Then, a=0A =2i+j-3kandb=i+2j+k

Now, vector equation of theline through A and parallel to

bis F=a+th, wheretisascalar.

or ?:2?+]—3IA<+t (f+2]+|2)

=
I 183




SOAL

Q.B.- SOLUTIONS STUDY MATERIAL : MATHEMATICS
TRYITYOURSEL E-2 THREE DIMENSIONAL
Q.1 Find the area of the parallelogram whose adjacent sides

Q.2

Q3

Q.4

Q.5

Q.6

Q.7

QS8

Q.9

are determined by the vectors
b=2i- 7]+ k .

Find the volume of the parallelopiped with its edges
represented by the vectors i +], i+ 2] and i + |+ nk

Let a=—i—Kk,b=—-i+] and ¢=i+2j+3k be three
given vectors. If T isavector suchthat Fxb==¢&xb and
Fa=0, thenthevalueof T.b is

If 3 b, ¢ areunit coplanar vectors, then the scalar triple
product [2a—-b 2b—¢ 2¢-3]=

(A)O (B)1

©) -3 D) 3

Let a=i-k, b=xi+j+(1-x)k ad

E=vyi +Xj+(+x—-y)k. Then [& b, ¢] dependson

(A) only x (B)onlyy
(C) Neither onx Norony (D) bothx and y

If & b, ¢ areunit vectors, then
|a—b[? +|b—¢[* +|¢—af* doesnot exceed
(A)4 (B)9

€8 (D)6
The value of “a’ so that the volume of parallelopiped formed

by iA+qA'+ |A<]+af< and ai + k becomes minimum is —
(A)-3 B)3

© 1/4/3 (D) V3
The edges of a parallelopiped are of unit length and are

parallel to non-coplanar unit vectors 3, B,é such that

PP |
ab=bc=ca= 5 The volume of the parallelopiped is—

(B) 1/ 22

(D) 1//3

Let PR=3i+]-2k and SQ=i-3j—4k determine
diagonalsof aparallelogram PQRSand PT = i+ 2]+ 3k
be another vector. Then the volume of the parallelepiped
determined by the vectors PT, PQ and PS is —

(A)5 (B)20
(©10 (D)30

AN ER
(1) 152 sq. units (2) = cubic units (3)9
@ A) ®)(©) 6)(B)
7 © 8) (A) 9 (©)

a=i-j+3k & COORDINATESOFAPOINTINSPACE -

COORDINATE GEOMETRY

Consider a point P in space whose c N
positionisgiven by triad (x, Y, 2) M P(x,y, 7)
wherex, y, z are perpendicular

distancefromY Z-plane, ZX-plane - _ y

and XY-plane respectively. X {
If we assume i, ] k unit vectors

adlong OX, OY, OZ respectively, then position vector of
point Pisxi + y]+zIA< orsimply (x, Y, 2).

Any point on -

o x-axis={(x,y,2)|y=z=0}

o y-axis={(x,y,2)|x=z=0}

« zadis={(x,y,2)|[x=y=0}

o xyplane={(x,y,2)|z=0}

o yzplane={(x,Y,2) |x=0}

© xplane={(x,y,2) |y =0}

S R

DISTANCEBETWEENTWO POINTS

If P (X1, Y1, 27) and Q (X5, Y5, Y,) are two points, then
distance between them PQ

:\/(Xl - Xz)2 +(y1— Y2)2 +(z - 22)2
In particular distance of
apoint (x, Y, z) fromorigin

_ /X2 er2 472 . WQ (X0:Y2:2Z)

-

Note: T
(@ Theselection of origin i
and co-ordinate axes g >
) /O Y
arecompletely arbitrary. X
(b) Distance between two points remains invariant under any
co-ordinate system
i.e. does not depend upon selection of the system.
Distanceof apoint from coor dinate axes:
Let P(x, Y, 2) beany point inthe space. Let PA, PB and PC be
the perpendicular drawn from P to the axes OX, OY and OZ
resp. Then
PA= [(y?+2%) i PB= [(x?+2%); PC= \/(x? +y?)
Example18:
Find the distance between the points P(3,4,5) & Q (-1, 2,-3)
Sol. PQ= \/(Xz —x1)% + (Y2~ Y1) + (2, - 2)°

Here, (X;,¥1,27) =(3,4,5) and (Xo, Y5, Z5) = (-1, 2,-3)
PQ=/(-1-3)%+ (2-4)2 + (-3-5)% =16+ 4+ 64
=B4=2y21

rys
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(VECTOR & 3DIMENSIONAL GEOMETRY)
Example19: 7 -

Show that the points A (0, 7, 10), B (-1, 6, 6) and C (- 4, 9, 6) S

are vertices of an isosceles right-angled triangle. _ “g éﬁ
Sol. AB2=(-1-0)2+(6-7)%+(6-10)2=18 v £

BC2=(-1+4)2+(6-9)2+(6-6)2=18 2 Z

CA2=(0+4)2+(7-9)2+ (10~ 6)2=36 %

SinceAB =BCandAB? +BC?=AC2 HenceA, B andCare

vertices of an isosceles right-angled triangle. Y
SECTIONFORMULA A/x,00

Tofind the co-ordinates of apoint which dividesthejoin of L

. . . B/ (%2,0,0)
pointsP (X4, Y1, 21) ad Q (X5, Y5, Z5) intheratiom:: n. o
C//(x3,00)

(A) Internal division: Letthepoint R (X, Y, z) dividethejoin of «

pointsP (X4, Y1, 2;) and Q (Xo, Y5, Z,) internally intheratio

m: n. Draw perpendiculars PL, QN and RM fromthe points X—% m X — NX

P, Qand R onxy plane. Again draw perpendicularsAL, MC = — Ll ox=—"32 L

and NB fromL, M, N to x-axis. X=X N m-n

Q - _
i Similarly y =22~ gng 2= 2271
- m-n

(B)

N

Now, from the ratio obtained by the intersection of a
transversal to parallel lines.

R_m PR_LM_AC
RO n ™R MN CB
m_x-x
n_ X5 — X = (Xy=X)m=n(X-X,)
MX, + NX;
o x=—211
m+n
my-, +n mz, + Nz
Similarly, y=-—22 1 gy, M2 ¥
m+n m+n

Hence, the co-ordinates of R are

(mx2 +NX; My,+ny; mz,+ nzlj
m+n m+n m+n

External division : If the point, dividing the line segment
joining the pointsP (x4, Y4, 2;) and Q (X, Y,, Z,) intheratio
of m: nliesoutside on thejoin of PQ then such adivision
isknown as external division.

Draw perpendiculars PL, QM and RN fromthe pointsP, Q
and R on XY plane and draw perpendicularsAL, BM and
CNfromL, M, N onx-axisasdoneintheinterna division.

PR_m PR_LN_AC_m
Now, 5~ * oM ML BC n

Hence, inthe case of external division co-ordinatesof R are

[mx2 -Nnx; my,-ny; mz,- nzl)
m-n ' m-n ' m-n

m
Instead of ratio m : n we can take F:l or A : 1. Insuch

situation the co-ordinates of R are

Mo +X, AYo+Y; AZp+ zlj

(a) For internal division ( I R N A N !

(M=% M-y }”22_21]

(b) For external division ( 1 -1 -1
Ifinadivisonintheratio : 1, theA > 0 thenthedivision
isinternal and if A <0thedivisionisexternal.
Every point lyingonthejoinof P (x4, y,,z;) and Q (X, Yo,
z,) dividesitinsomeratioi.e. A has same value for every
point on theline PQ. Conversely, for every value of A (#—
1) there is a point on the line PQ. Hence, co-ordinates of
any point lying ontheline PQ are
(kxz +X; MY+ AZy+ zlj

A+l T A+l T oA+l
Centroid of aTriangle: If (X1, Y1, Z1), (X5, ¥», Z,) and
(X3, Y3, Z3) bethevertices of atriangle, then the centroid of

. . (X1+X2+X3 YitYa+Ys 21+Zz+23]
thetriangleis 3 ' 3 ; 3
Division by Co ordinate Planes: Theratiosinwhich the
line segment PQ joining P(Xy, Y4, 1) and Q(Xo, Y5, Z,) is
divided by coordinate planes are as follows.

(i) byyz-plane: X ratio (i) by zx—plane: Y1 ratio
X2 Y2

.
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Example22:

(iii) by xy — plane : A raio
Z3

Centroid of a Tetrahedron : If (x,y,,z)r=1,2,3,4are

vertices of a tetrahedron, then coordinates of its centroid  Sol.

ae 4 4 4

Example20:

Find theratioinwhich the planes(1) XY (2) YZ dividethe

line joining the points P (-2, 4, 7) and Q (3, -5, 8).

(1) Letthe XY plane divide the line joining the points

P(-2,4,7)and Q (3,-5,8) intheratio A : 1 at point R.
-2 -5r+4 8k+7]

A+l A+l T A+l

Since, thepoint Rliesinthe XY plane, itsz-co-ordinate=0

O 0= 47=00r A=t
1 8

Sol.

Then the co-ordinates of R are (

Hence, therequiredratiois7: 8. Also, here, <0, sothe XY
plane dividesthe line segment PQ externally.
Here, weput x = 0inthe co-ordinatesof R, sncex =0for YZ

-2 2
plane. Hence, 1=O:>3k=2 or ng

Sol.

Example21:
If the vertices of atetrahedron are (X4, Y1, Z¢), (X9, Yo Z5),
(X3, Y31 Z3), (X4: Ya 24)- Provethat itscentroid is

4 4 4
Sol. Centroid of theA BDCis

[x2+x3+x4 Yo+Y3+Ys Zy+23+2,
3 1 1

[x1+x2+x3+x4 Yi+Yo+Y3+Ya zl+22+z3+z4]

AX1,Y1,21) 1
B C
(X2.y220) (X3,Y3,23)
Now, the centroid G of the tetrahedron ABCD divide the
linesegment AE intheratioof 3: 1.
Hence, the co-ordinates of G are
(1_X1+3. (X2 +X3+Xy) 1y, +3. (yo + y33 +Y4) 1z, +3. (22+23+24))
[ 1+3 ' 1+3 ' 1+3 2.

X1+X2+X3+X4 y1+y2+y3+y4 Zl+22+Z3+Z4
or 4 4 4

Find the coordinates of the point which divides the line
segment joining the points (1, -2, 3) and (3, 4,-5) in the
ratio2: 3. (i) internally, and (ii) externally.

(i) LetP(x,y, z) bethe point which dividesline segment
joining A(1, -2, 3) and B (3, 4, -5) internally in the ratio
2:3. Therefore,

_29+3) 9 _2A9+3A) _2

273 577 2:3 5
_ 2(—5)+3(3) -1 [9 2 1)
=T 5.3 . Therequired point is 555

(i) LetP(x,y,2) bethe point which divides segment joining
A(1,-2,3)and B (3, 4,-5) externally in the ratio 2 : 3. Then

2(3) + (=31 2(4)+(=3(=2

X=—F—"=-3 y=""— "~ =_14
2+(-3 2+ (-3
_2A5)+(3@) _yq
2+(-3

Therefore, the required pointis (-3, -14, 19).

Example23:

Find the ratio in which the line segment joining the points
(4,8,10) and (6, 10, —8) is divided by the YZ-plane.

Let YZ-plane divides the line segment joining A (4, 8, 10)
and B (6, 10, — 8) at P (x, v, z) in the ratio k : 1. Then the
4+ 6k 8+10k 10—8k)

coordinates of P are (

k+1' k+1 ' k+1
SincePliesonthe Y Z-plane, its x-coordinateis zero,
4+ 6k 2
=0 k=-—=
® k+1 °

Therefore, Y Z-plane dividesAB externally intheratio2: 3.

DIRECTION COSNES& DIRECTIONRATIO'SOFALINE

Direction cosinesof aline[Dc's] : 4
The cosines of the angle
made by a line with
coordinate axesare called the
direction cosines of that line.
Let a, B, y be the angles made
by aline AB with coordinate ax&then CoS a, COS 3, COSYy
arethedirection cosines of AB which are generally denoted
by 7, m, n. Hence ¢ = cos a,, m = cos 3, n = cosy

Note: -1 <cosx<1V ne R, hencevauesof ¢/, m, nare
such real numbers which are not less than —1 and not
greater than 1. Hence DC's € [-1, 1]

Direction cosinesof coor dinate axes:

x-axis makes 0°, 90° and 90° angleswith three coordinates
axes, so its direction cosines are cos 0°, cos 90°, cos 90°,
i.e.1,0,0.

Similarly direction cosines of y-axisand z-axisare0, 1, 0
and 0, 0, 1 respectively . Hence

dc'sof x-axis=1, 0,0 ; dc'sof y-axis=0, 1,0

dc'sof z-axis=0,0, 1

=
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Note:

() The direction cosines of a line parallel to any
coordinates axis are equal to the direction cosines of
the corresponding axis.

(i) Relationbetweendc's: (2+mé+n?=1

Directionratiosof aline[DR's] :

Three numbers which are proportional to the direction

cosinesof aline are called the direction ratios of that line.

If & b, c are such numbers which are proportional to the

direction cosines ¢, m, n of alinethen a, b, c aredirection

b c

a
ratios of theline. Hence, a, b, cdr's< —=—=—
/f m n

Further we may observe that in above case, a,b,c dr's

a_b_c
< / m n

EZ 2 2

Vi m n +mM~+Nn 1

o ===t ————— =2
a b c \/a +b%+c \/a2+b2+02
a b

St T 2 T (Rt
a’+b%+c? a“+b%+c
c
n=t ————
J a2+b?+c?
Note:
(i) Numbers of dr's are not unique whereas numbers of

dc's are unique.
(i) a+b?2+c?=1.

Direction cosinesof alinejoiningtwo points:

L_et P=(X;,Yy,27) and Q= (X,, Yo, Z,) ; then

() dr'sof PQ: (X,—Xq),(Yo—Y1) (2,-24)
Xo—X1 ¥Yo—V1 22— 73

(i) dc'sof PQ: PO ' PQ ' PQ

X2—X1 Yo—¥1

ie , L4
\/Z(Xz - xq)? \/z(xz ~xq)? \/Z(Xz - xq)?

Example24:

Sol.

Find the direction ratios and direction cosines of the line

joining the points A(6,-7,-1) and B (2, -3, 1).

Directionratios of AB are (4,-4,-2) = (2,-2,-1)

221]

@+b%2+c2=9. Directioncosinesare [ig -, J—rg .

Example25:

Sol.

If 3,—4, 12 are direction ratios of a straight line, then find
its direction cosines.

3 —4 12
V(21122 [ (4?4127 [ 1 (47 4127

.3 -4 12
I-e- 137 13 L 13

Example26:

Sol.

If alinemakesanglesa, B,y with OX, OY, OZ respectively,
provethat sin? o + Sin? B + siny =2
Let I, m, n be the d.c.’s of the given line, then | = cos a,
m=cosf3, n=cosy

cos? o+ cos? B+ cofy=1
= (1-sin?a)+ (1-sin?p) + (1 -sin2y)=1
= sinfo+sin?p+sin?y=2

EQUATIONOFALINEIN SPACE

A line is uniquely determined if (i) it passes through a
given point and has given direction,  or (ii) it passes
through two given points.

Equation of alinethrough agiven point and parallel toa

given vector b : Let T be the position vector of an
arbitrary point P on theline (figure).

AP isparale tothevector b ,i.e., AP=Ab, wherekis

somerea number. But AP=OP—-OA i.e, Ab=T-a

Conversely, for each value of the parameter A, thisequation
gives the position vector of a point P on the line. Hnece,
the vector eguation of the lineis given by

F=a+ib

Cartesian form fromvector form:

Let the coordinates of the given point A be (x,, Y4, Z;) and
the direction ratios of thelinebe a, b, c.

Consider the coordinates of any point Pbe (X, y, ). Then

F=Xi+yj+2zK a=xji+y;j+zK & b=al +bj+ck
Substituting these values in (1) and equating the
coefficients of iA,]andIz we get

X=X;+Aay=y; +Ab;z=2z +AC .......... 2
These are parametric equations of theline. Eliminating the

parameter A from (2), we get
X=X _Y=Y1_2-75

a b C
Thisisthe Cartesian equation of the line.

Equation of aline passing thr ough two given points
Let 3 and [ be the position vectors of two points

A (X1,Y1, 1) and B (X,, Yo, Z,), respectively that arelying
onalinefigure.

=
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1
G

N

wy

U

ol

X
Let ¥ betheposition vector of an arbitrary point P(x, y, 2),

then Pisapoint onthelineif and only if Ap=7—_73 and
AB = b—3 are collinear vectors. Therefore, P is on the
lineif andonly if 7—3=2x (b—3)
or F=a+A(b-3), LeR
Thisisthe vector equation of theline.
Cartesian form from vector form:
Wehave T=xi+Yyj+2zK, a= x1f+ y1]+zllA< and
D= Xol + Yo+ 25K
Substituting these values in (1), we get
Xi + y]+ 7k = xliA+y1]+ zllA<+>»[(x2 —Xq) i
+(Y2 —y1)]+(22—21)|2]

Equating the like coefficients of f, ] k we get

X=X +A (Xo=X1);Y=Y1+A(Yo— Y1) 2=+ A (2, - 7y)

X —Xq
Xp =X

Y2—%1
which is the equation of the linein Cartesian form.

z-7
Z—7

Oneliminating &, we obtain

ANGLEBETWEENTWOLINES
Case-l : Whendc'sof thelinesaregiven
If ¢, , m;, ng and 7,, m,, N, are dc's of given two lines,
then the angle 6 between them is given by-
(i) cos6=/4/05 +mm,+n;n, (ii) sno6

= \/(glmz = 0my)% + (Mynp = Mpng)? + (Mgl = Nply)?
The value of sin 6 can easily be obtained by the following

form:sine:\/

Case-ll : When dr'sof thelinesaregiven
If a5, by, ¢; and &,, b,, ¢, are dr's of given two lines, then
the angle 6 between them is given by.
ayay + by, + cicy
\/alz+ b? + c? \/a§+ b3 + c3

2 2 2

o my
Ly My

m mn
my Ny

no4
np £

(i) cos6=

\/ S(agh, — asby)?
\/a12+ bf +cf \/a§+ b% +c§

Conditionsof Par allelism and Per pendicularity of Two
Lines: If twolinesare parallel then angle betweenthemis
0° and if they are perpendicular then angle between them
is90°. Inthese cases using above formulae for sin © and
cos 0 respectively, we shall get the following conditions.
Case-l : Whendc'sof twolinesAB and CD, say /4, my, Ny
and ¢, , m,, n, are known.

AB||CD < {1 =1{5, M3 =My, Ny =N,

ABLCD < {1, ly+mmy,+nn,=0

(i) sin =

Case-ll : Whendr'sof two linesAB and CD, say &, b; ¢;
and &, by, ¢, are known

ABIICD a_b_o
IICO=73, Tb, ¢,

AB L CD < aa, + b;b, +¢,c,=0

Note: If £;, my, n; and /5, m,, n, arethe direction cosines
of two concurrent lines then the d.c.’s of the lines bisecting
the angles between them are proportional to /; * /,,

my = my, Ny £,

SKEW LINES
The straight lineswhich are not parallel and non-coplanar
i.e. non-intersecting are called skew lines.

Shortest Distance(S.D.) between two skew straight lines:
Shortest distance between two skew lines is perpendicu-
lar to both.

(i) Iftheequationareincartesanform:
Suppose the equation of the lines are

X-o_y-p_z-y

; - et — 1)
X-a' y-B' z-y'
and —— =" e — )
B
=]
A
Non-coplanar 7 SD.
lines g
c Q D

Then shortest distance between them is given by

a-o' B-B" y-vy'
! m n
A m' n'

+ \/{Z(mn'—m'n)z}

If the linesintersect, the S.D. between them is zero.

a-o' B-B' y-y'
J4 m n
A m' n

Therefore =0

e
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i) Iftheequation arein vector form A A _a
0 = ) |4i-6]-7k| 16+36+49 +101
Suppose the equation of the linesare ¥ =3 —Ab; and = 3 = 3 T3
F =&, —Ab,. Then shortest distance between them is
Example28:
2 — 3B x b The equations of a line are 6x—2 =3y +1=2z-2. Find its
givenby SD.= G ?1)'(} xby) direction ratios and its equation in symmetric form.
e |b1Xb2| Sol. Thegivenlineis6x-2=3y+1=2z-2
Digtancebetween par alld line (vector approach) 1 1 X —% y+% 7.1
o (Y =y+ Y-z =255
- [We make the coefficients of X, y and z as unity]
Thiseguationisin symmetric form.
Thusthe direction ratios of theline are 1, 2 and 3 and this
0 [P , line passes through the point (1/3, -1/3, 1).
S@) !
. Example29:
If two lines ¢, and /, are parallel, then they are coplanar.

i i Xx+3 y-5 z+6
Letthelln?sbeglven by ~ The Cartesian equation of alineis = y4 = 5
T=a+Ab .. () and rF=a,+pb . 2 ) ) )

o N _ - Find the vector equation for the line.
where & isthe position vector of apoint Son¢;and &  Sol. Comparing the given equation with the standard form
:;the position vector (_)f apoint T on /, flgure: X-X, y-yi_ Z-7
s/4, {5 arecoplanar, if the foot of the perpendicular from =5
T ontheline 7, is P, then the distance between the lines £ a ¢

B - Weobservethat x; =-3,y,=5,z,=-6;a=2,b=4,c=2.
and [, =[TP]. Let 0 betheangle between the vectors ST Thus, the required line passes through the point
and p. Then bxST=(|b||ST|SNO)A e ) (-3,5,-6) and is parallel to the vector 2i + 4]+ 2k .
where f is the unit vector perpendicular to the plane of Let 7 bethe position vector of any point on the line, then
thelines 7, and /,. But ST =3, -3 the vector equation of the lineis given by
Therefore, from (3) weget bx (8, —&) =|b|PT i T = (=3 +5]— 6K) + A (2i + 4]+ 2K) .
(sincePT =ST sin6)
ie,|bx(@ -3)|=|b|PT.1 (as|A|=1) Example30: _ o
Hence, the distance between the given paralle! linesis Show that the lines Whose direction ratios are -2, -3, 1 and

2,—2,-2 are perpendicular
—  |bx (B, —&) Sol. Wehavea;a, +b;b, +¢,c, = (-2)(2) + (-3)(-2) + 1(-2)
d=|PT|=l—>=—" =_4+6-2=0
|b| o )
.. Thegivenlinesare perpendicular.
Example27:
Find the shortest distance between lines Example3L:
F=(@+2]+K)+A (2 +j+2k) and Find the shortest distance between the lines
F=2i—j—ktp(@+]+2K) . XQGZY‘JZZ;“ 13:&29:%2
Sol. Here lines are passing through the points

& =i+2j+kanda,=2i—j—k , respectively, and
parallel to thevector b= 2 +j+ 2k .
Hence, the distance between the lines using the formula,

ik

2 1 2

|bx (@, -a)| |1 3 2
|b] 3

Also find the equation of the line of the shortest distance.
The coordinates of any point P on the first line are
(3r+6,—r+7,r+4)and those of Q on the second line are
(-3R, 2R-9, 4R + 2) where r is proportional to the distance
of Pfromthe point (6, 7, 4) and R to the distance of Q from
the point (0, - 9, 2). The d.c.s' of PQ are proportional to— 3R
—-3r-6,2R+r-16,4R-r—-2. The points P and Q will be
nearest to each other if PQ is at right angles to both the
lines. Therefore, we have

3(-3R-3r-6)+(-1) 2R+r-16)+1(4R-r-2)=0
and -3(-3R-3r-6)+2(2R+r-16)+4(4R-r-2)=0

Sol.
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Gr6-r+7,r+4) Substituting the values from (4) and (5) in eg. (1), we get
[Using a,a, + b;b, + ¢;¢, = 0] P 1 1
i.e, 7R+1lr+4=0and dz‘_‘z_
29R+7r-22=0 J6| 6

Solving these, wegetr=-1,R=1.
P and Q arethe points (3, 8, 3) and
(-3,-7, 6) respectively.
The shortest distance

(-3R, 2R-9,4R +2)
PQ=/(-3-3)%+(-7-8)%+(6-3)% = /270 units.
The equation of PQ is

Xx-3 y-8 z-3 x-3 y-8 z-3
3.3 5 1 2 5 1

Example32:

Find the angle between lines 2x = 3y =—zand 6x = -y =— 4z.
Sol. Equation of given linesis symmetric form are
X_y_=z O X_ Y _ ¢z

3 2 -6

If 6 be the angle between these lines, then

32 +2(-12) + (-6)(-3)

T J9+4+36V4+144+9

=0=0=90°

coso

Example33:
Find the shortest distance between the two lines whose
vector equations are given by :

F=i+2j+3k+A (20 +3j+4k) and
=20 +4)+5K+p (3i +4j+5K)
Sol. If the equations of the linesare ¥ =& + b, and

T = &, + Ab,, then shortest distance ‘d’ between them is

givenby d—| G238 ®uxb) | o
|b1Xb2|
Here, & =i+2j+3K, by =2i+3j+4k

8, = 2i +4j+5K, by =3i +4j+5k

Now, &, — 3 = (2i + 4]+ 5K) — (i + 2] + 3K)

—i+2j+2k @)
i)k
byxby,=|2 3 4|=(15+16)i-(10-12) j+(8-9) k
345
=i+2j-k ©)
1By xBy |= (-2 + 2% 4 (-2 =6 . (4)

and (B, —7)-(Dy x by) = (i + 2]+ 2K) - (i + 2] — k)
=1x(-1)+2x2+2x(-1)=1

TRY ITYOURSELF-3
Q.1 Ifalinehasthe direction ratios— 18, 12, — 4, then what are
its direction cosines ?
Find the angle between the lines whose direction ratios
area,b,candb-c,c—-aa-b.
If the coordinates of the pointsA, B, C, D be(1, 2, 3),
(4,5,7),(-4,3,-6)and (2, 9, 2) respectively, then find the
angle between the linesAB and CD.
Find the angle between the pair of lines:

Q.2
Q3

Q4

X-2 y-1 z+3 X+2 y-4 z-5
2 5 3 MM "Tg g

Q.5 Find the values of p so that the lines
1-x _ 7y—14: z-3 and 7-7x _ y—5: 6-z2 aea
3 2p 2 3p 1 5
right angles.

Find the shortest distance between the lines

X+1 y+1 z+1 Olx—3_y—5_z—7
76 1 1T 2T

Q6

Xx-1 y-2 z-3 Xx-1 y-1 z-6
3 x 2 ™M 71 s
are perpendicular, find the value of k.

Find the shortest distance between lines

F =60 +2j+ 2K+ (i — 2j+ 2k) and

F=—4i—K+p (3-2j-2K).

Find the angle between the pairs of lines:
F=2i—5j+k+A (3 +2j+6k) and

If thelines

Q7

Q8

Q.9

F=7i—6k+p(i+2j+2K)

ANSWERS
26 2 2) /2 3)0°
Daun (@) S
70
@ ot 2] o ©® 2/%
(7) =107 (8)9 ) Cosl[;—?j
THEPLANE

Congider thelocusof apoint P(x, y, 2). If X, y, zareallowed
to vary without any restriction for their different
combinations, we have a set of points, the surface onwhich
thesepointslie, iscalled thelocusof P. It may beaplane or
any curved surface. If Q be any other point on it's locus
and all points of the straight line PQ lieonitisaplane.

[¢
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In other wordsif the straight line PQ, however small andin  Division by Coor dinate Planes:

whatever directionit may be, liescompletely onthelocus,
it is otherwise any curved surface.

Equationsof aPlanein normal form:
Consider a plane whose perpendicular distance from the

originisd (d= 0). Fig. If ON isthenormal fromtheorigin

to the plane, and 7 isthe unit normal vector along QN -

Then ON = dfi . Let Pbeany point ontheplane. Therefore,
NP isperpendicular to QN . Therefore, NP.ON = 0... (1)

Let 7 bethe position vector of the point P, then

NP=7—df (as ON + NP = OP)

X
Therefore, (1) becomes

(f-dA)dAi=0or (f-dA).A=0  (d=0)

oo fh-dn.n=0ie, TAa=d (asnh=1).... 2
Thisisthe vector form of the equation of the planes.

Cartesanform:

Equation (2) gives the vector equation of a plane, where
fi isthe unit vector normal to the plane.

Let P(X, y, z) beany point on the plane. Then

OP=F=xi+ y] + 7k
Let ¢, m, n bethedirection cosinesof f . Then
A= /i +mj+nk
Therefore, (2) gives  (xi +yj+ zK).(%i + mj+ nk) = d

i.e., /x+my+nz=d. Thisisthe Cartesian equation of the
planeinthe normal form.

PlaneParallel tothe Coordinate Planes:

() Equationof y-zplaneisx=0

(i) Equation of z-x planeisy =0

(iii) Equation of x-y planeisz=0

(iv) Equationof theplane parallel tox-y planeat adistancec (if
¢ > 0, towards positive z-axis) isz = ¢. Similarly, planes
parallel to y-z plane and z—x plane are respectively x = ¢
andy=c.

Theratiosin which the line segment PQ joining
P (X1, Y1, 27) and Q(X,, Y,, Z,) is divided by coordinate
planes are as follows.

@ byyz-plane: —2L ratio
X2

(i) byzx-plane: —JL ratio
Y2

(iii) by xy - plane: 4 rao
Z3

Equation of PlanesParallel totheAxes:

If a=0, theplaneis parallel to x-axisi.e. equation of the
planeparallel to x-axisis by +bz+d=0

Similarly, equation of plane||toy-axisand || to z-axisare
ax+cz+d=0andax + by + d=0, respectively

PXY.Z Equation of aplaneper pendicular toagiven vector and passing
b, through agiven point :
d N

In the space, there can be many planes that are
perpendicular to the given vector, but through a given
point P(x4, Y, 1), only one such plane exists (Fig.).

Let a plane pass through a point A with position vector g

and perpendicular to the vector | .

Let 7 bethe position vector of any point P(X, y, z) in the
plane. (Fig).

P(X1,y1,21)
> Y

/O
X
Then the point P lies in the plane if and only if Ap is
perpendicularto N . i.e, APN=0-
But AP=7_7. Therefore, (F—a).N=0 . €
This is the vector equation of the plane.

Cartesian form: Letthegiven point A be (x4, Y4, 2;), Pbe
(x,y,2z) and directionratiosof [ areA, B and C. Then,

él:XliA+yl]+lez, ?:xiA+y]+zIA< and N = Aj + B]+CI2

o
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><‘/o \/
Now, (F-a).N=0, So

[(X=Xy) i+ (y—Yy) j+(z—2)K]. (Ai +Bj+Ck) =0
IN
[ e/
A(X1’y1’ Zl)

e, AX-x)+B(y-y;)+C(z-27)=0
Equation of plane passing through originis
Ax+By+Cz=0

Equation of aPlanein intercept form:
Equation of the plane which cuts
off interceptsa, b, ¢, fromtheaxisis

i_,_l_,_zzl
a b c X

Proof : Equation of plane passing through three points A
(30,0),B(0,b,0)and C (0, 0, c) will be

x—a y-0 z-0
-a b 0 |=0
-a 0 C

= (x-a)bc-y(-ac-0)+z(0+ab)=0
= Xbc +yac + zab=abc

1) — ——
Note: AreaofAABC:E‘ABxBC‘

:%\(bj_e@x(dz_bj)\:%\bcf+acj+ab@\

2 2
= % Ja20? + 022 + c?a? = \/[ﬁj +(E)

2

()

.. Areaof AABC

_ |(areaof AOAB)2 + (area of AOBC)2
+ (area of AOCA)2

Equation of aPlanein Normal Form:

If the length of the perpendicular distance of the plane
from the origin is p and direction cosines of this
perpendicular are (¢,m,n), then the equation of the planeis
IX+my+nz=p.

p
(0]
In solving problems of plane, first consider its normal. In
theequationax + by + cz+d =0, a, b, carethedirection
ratios of the normal of the plane.

Equation of a planepassng through threenon collinear points

Let R, Sand T be three non collinear points on the plane
with position vectors 3,b and & respectively (Fig.).

X

Thevectors RS and RT areinthegiven plane. Therefore,

the vector RSx RT is perpendicular to the plane

containing pointsR, Sand T.
Let 7 bethe position vector of any point P in the plane.
Therefore, the equation of the plane passing through R

and perpendicular to the vector RSx RT iS
(f—-3).(RSxRT) =0

o (F-a)[(b-8a)x(€-8)]=0 )
This is the eguation of the plane in vector form passing
through three noncollinear points.

Cartesian form: Let (X1, Y1, 2y), (X0, Yo, Z5) and (X3, Y3, Z3)
be the coordinates of the points R, Sand T respectively.
Let (X, Y, ) bethe coordinates of any point P on the plane
with position vector . Then

RP = (x—x)i + (¥~ y1)j+ (2~ )k
RS= (X — Xl)iAJr (o - Y1)i+ (zo- Zl)lA(v

RT = (xg = X))i + (Y3 = Y2)j + (25 - 1)k
Substituting these values in equation (1) of the vector
form & expressingit inthe form of adeterminant, we have

X7 Y= 2ma R vo 2)
[ ] [ ]
X=X Ya=Y1 Zp=7|=0 S0 Y 2)
[ ]
X3 - Xl y3 - y]_ 23 - Z]_l T(XS, Ya 23)

whichisthe equation of the planein Cartesian form passing
through three non collinear points

(Xl' yl, Zl); (X2| y21 22) and (X3’ y3’ 23)

=
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Planesparallel toagiven Plane:

Equation of aplaneparallel tothe planeax + by + cz+d=0
isax +by + cz+d =0 d'isto befound by other given
function.

Plane passing through theinter section of two given planes:

Let n; and 7, be two planeswith equations T.A; = d; and

T.A, = d, respectively. The position vector of any point
on the line of intersection must satisfy both the equations
(Fig).

—TT

T2
v

T

/
\
If T isthe position vector of apoint on the line, then
th, =d; and th,=d,
Therefore, for all real valuesof A, we have
f.(A +MAy) =d; +2d,
Since t isarbitrary, it satisfiesfor any point on theline.
Hence, the equation 7.(f; + Ah,) = d; + Ad, representsa
plane m5 which is such that if any vector 7 satisfies both

the equations nt; and n,, it also satisfies the equation m4
i.e., any plane passing through the intersection of the

planes T.n;=d; and T.h, =d,

has the equation T.(f; +AM,) =d; +Ad,
Cartesian form: In Cartesian system, let

My :AliA+ 81]+C1I2 y Ny = A2f+ BZ]+C2I2 ;
r= xiA+y]+zIA<.Then (1) becomes

X (A1+AAL)+Y (B +ABy)+2(C +AC,) =d; +Ad,
or (Aix+By+Ciz—d))+A (Ax+Byy+Cyz—-d,)=0

........ )
whichistherequired Cartesian form of the equation of the
plane passing through the intersection of the given planes
for each value of A.

Condition of coplanarity of four points

Four points A(Xy, Y1, Z1), B(X, Y2, Z5), C(X3, Y3, Z3) and
D(X4, Y4, 24) Will be coplanar if a plane through any three
of them passes through the fourth also i.e. if

Xa=X Ya—VY1 24— 4

Xo =X Yo—Y1 Z,-2|=0
X3—X Ys—Y1 3—4

Anglebetweentwo planes:

The angle between two planes is defined as the angle
between their normals. If 6 is an angle between the two
planes, then so is 180 — 6 . We shall takethe acute angle as
the angles between two planes.

If iy and 1, are normalsto the planes and 6 be the angle
between the planes 7.n; =d; and T.i, =d,

Then 0 is the angle between the normals to the planes
drawn from some common point.

iy.n,
[y |7z |
Cartesian form: Consider twoplanesax +by +cz+d=0

and ax + b'y + ¢z' + d' = 0. Angle between these planesis
the angle between their normals.

We have, cosO =

aa'+bb'+cc’
\/a2 +b%+ CZ\/a'2+ b2+
.. Planesare perpendicular if aa + bb' + cc'= 0and they are
parallel if ala =b/b'=c/c'.

cosh =

Example34:

Sol.

Find the equation of the plane through the points
A(2,2,-1),B(3,4,2)and C(7,0, 6)
The general equation of a plane through (2, 2, -1) is

a(x=2)+b(y-2)+c(z+1)=0 (i)
It will passthrough B(3, 4,2) and C(7, 0, 6) if
a(3-2)+b4-2)+c(2+1)=0
o, a+2b+3c=0 (i)
& a(7-2)+b(0-2)+c(6+1)=0
or, 5a-2b+7c=0 (i)

Solving (ii) and (iii) by cross multiplication, we get
a b ¢ a b c¢c

14+6 15-7 2-10" 5 2 -3

= a=5),b=2%,c=-3%A

Substituting the values of a, b and cin (i), we get
5Mx—-2) +20M(y-2)-3Mz+1) =0

o, 5(x-2)+2(y-2)-3(z+1)=0

= bx+2y-23z=17,whichis the required equation of the

plane.

A (say)

Example35:

Sol.

Find the vector equations of the plane passing through
the pointsR (2,5,-3),S(-2,-3,5)and T(5, 3,-3).

Let a=2i +5j— 3k, b=—2i —3j+5k, ¢=>5i+3j—3K
Then the vector equation of the plane passing through
a b and ¢ andisgivenby

(f-38).(RSxRT)=0 or (F—3a).[(b—3)x(E-3)]=0
i.e, [T - (2i +5j— 3K)].[(~4i — 8]+ 8K) x (3 — 2))] = 0
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Example36: = (X-1)(-11)-(y+2)(-11)+z(11)=0

Find the angle between the planesx +y + 2z =9 and = X-1-y-2-z=0=>x-y-z=3

2x—-y+z=15. = x()+y(1)+z(-1)=3
Sol. Theanglebetweenx+y+2z=9&2x-y+z=15isgiven (b) Therefore equation of plane is scalar product form is

by cosd = aa, + bibs +¢iCo T-(i-j-k) =3

2, h2, 2 2 2,.2
a +b+ a“ +by"+c
Vai® +bi" o ag” + by’ o, COPLANARITY

O@+1-)+ Q)
V2412122 |22 4 (-1)2 112

coso =

1 n
= — 6:_
> 73

Example37:
Find the angle between the two planes 2x +y -2z =5 and
3X — 6y — 2z = 7 using vector method.

Sol. The angle between two planes is the angle between their
normals. From the equation of the planes, the normal

vectorsare N, =2i +j—2k and N, =3i —6j— 2k

NN, |_|(2?+]—2|2).(3?—6]—2|2)|_[i])
N IINo ||| Va+1+440+36+4 |

>1)
Hence, 6 = cost [%} .

cos0O = ||

Example38:
Find the ratio in which the line joining the points (3, 5, -7)
and (-2, 1, 8) is divided by yz-plane.

Let the two lines be

X=oq _Y=PB1_Z-7;
ly my n

X=0y Y=PBo _Z=v,

l m, Ny
Theselineswill coplanar if

ar—og PBo—P1 Y211
ly my Ny
Ly m, Ny

The plane containing the two linesis

X—oy Y-B1 z-71;
ly my M| -p
Ly my n;

Condition of coplanarity if both linesarein general form:

Letthelinesbeax +by+cz+d=0=ax+by+cz+d and

Sal. L_et_ the line joini_ng the ppints 3,5, -7) an_d (-2,1,8) ax+ By +yz+ §=0= X+ By +yz+ §
dividesyz-planeintheratio A : 1, then coordinates of the
S [—2x+3 A+5 8%—7] a b c d
dividing point will be il el e a b ¢ d
Now above pointslieson the yz-plane, so itsx-coordinate Thesearecoplanarif oo B v &|=0
' 1 L} 6!
20 +3 3 o BTy
[ =0=> A==
should be zeroi.e. i1 = >
Hence yz-plane divides line joining the given pointsin ~ Coplanarity of twolinesin vector form:
3 Let the given lines be
theratio - : 1or3:2. F=a+aby e 1) and
F=a,+pb, 2
Example39: =8 +ub, @

Express the equation of aplane
F=i-2]+A (2 - ]+3K) +H (3 +4]—K) in
(@ cartesanform. (b) Scalar product form.
Sol. (a) Clearly plane is passing through the point i - 2] and
parallel to vectors 2 —] +3k and 3 +4] —k.
Equation of planeis
x-1 y+2 z-0
2 -1 3
3 4 -1

=0

Theline (1) passesthrough the point, say A, with position
vector & and isparallel to b, .

Theline (2) passes through the point, say B with position
vector @, andisparalelto b,. Thus, AB=2a,-3
The given lines are coplanar if and only if ApB is

perpendicular to by x b, .

i.e. AB.(b,xb,)=0 or (a,—a).(b,xb,)=0

[¢
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Example40:

Sol.

X+5 y+4 z-7

3 1 -2
3X+2y+z-2=0=x-3y+2z-13are coplanar and find the
equation to the planein which they lie.
The general equation of the plane through the second line
is 3x+2y+z-2+k(x-3y+2z-13)=0
< X(B+k)+y(2-3k)+z(1+2k)-2-13k=0;
k being the parameter
This contains thefirst line only if

3(B+Kk)+(2-3k)-2(1+2k)=0=>k=9/4

Hence the equation of the plane which contains the two
linesis 21x-19y+22z-125=0
This plane clearly passes through the point (-5, -4, 7).

Show that the lines

POINT WITH RESPECT TOPLANE

Position of Two Pointsw.r.t. aPlane:

Two points P(x4, Y4, 1) and Q(Xs, Y,, Z,) on the same or
opposite sides of aplane ax + by + cz = 0 according to
axq + by, + cz; +dand ax, + by, + cz, + d are of same or
opposite signs.

The plane divides the line joining the points P and Q
externally or internally accordingto P and Q arelying on
same or opposite sides of the plane.

Distance of a Point from aPlane
Vector form : Consider a point P with position vector 3

and aplane m; whose equationis 7.fi = d thendistanceis
|[d—an|

whichisthelength of the perpendicular from apoint to the

given plane.

If the equation of the plane r, isin the form ¥ N =,

where N is normal to the plane, then the perpendicular

g ~ |]aN-d|

st e

istanceis IN|

Thelength of the perpendicular fromorigin O to the plane

|d|

FN=dis-— (since a=0)
IN|

Cartesanform:
Perpendicular distance p, of the point A(x4,y,,2) fromthe

A (xl‘ yl’ Zl)

planeax + by + cz+d=0isgiven by

_|axg+by; +czy +d|
J@2+b2+c?)
Distance between two parallel planes

{ P Vo z) ]
[ )

Letayx +b;y+c,z+d; =0andax + by +c,z+d,=0be
two parallel planes.

Then the distance between them can be obtained by taking
any point P(x, y, Z;) on any one of the given planes and
finding the perpendicular distance from P(x;, y4, Z;) on
the other.

Note:

@)

(ii)

(iii)

(v)

Planesax + b,y + ¢,z +d; =0 and ayx +byy+c,z+d,=0
are
a_b_o d

(@) parald but notidentical if a—z— by C O,

(b) perpendicular if a;a, + byb, + ¢, =0
T T IO N
(o) identical if a_z—b_z—g—g

The equation of aplane parallel to the plane
ax+by+cz+disax+by+cz+ k=0, wherekisan
arbitrary constant and is determined by the given
condition.

Distance between two parallel planesax + by +cz+d; =0

andax+by+cz+d2=0isequaltoM.
Va2 +b? +c?
3planes ax+by+cz=d r=1,23

(@ Can intersect at a point = system of equations in 3
variables having unigque solution.

(b) Can intersect coaxially = system of equations in 3
variables having infinite solutions.

(¢) May not have acommon point = system of equations
in 3 variables having no solution.

Example4l:

Sol.

Find the distance of the point (2, 1, 0) from the plane
2X+y+2z2+5=0

2x2+1+2x0+5 _10

V22 412422 3

Required distance =

Example42:

Sol.

Find the distance between the parallel planes
2Xx—-y+2z+3=0and4x-2y+4z+5=0.

Let P(x4, Y4, 2;) beany pointon 2x -y +2z +3=0,
then, 2x; -y, +2z; +3=0 (i)
Thelength of the perpendicular from P(x4, y4, Z;) to
4x-2y+4z+5=0is

4X1 - 2y1 + 421 +5

‘ 2(2Xl — yl + 221) +5

J42+(-2)%+ 42 J36
‘2(—3)+5‘ 1 L
=76 |7 [Usng()
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ANGLEBETWEENALINEANDAPLANE
Vector form: If theequation of thelineis ¥ = 3.+ 2p and

the equation of the plane is 7.i=d. Then the angle 6
between the line & the normal to the plane is

b.A

COSGZf
|blIn|

ﬂ‘
Normal —>
Line
: /
90 -0 =
/l\
Plane

and so the angle ¢ between the line and the plane isgiven
by90-6,i.e,
sin (90-0) =cos6

b.A
|b|In|

-1
—| or ¢p=sin
IblIRA|

i.e sing :‘ qb.n

Cartesian form : Let equations of the line and plane be

X=X1 _¥Y=-Y1_ 2-74
¢ m

respectively and 6 be the angle which line makes with the

plane. Then (n/2 — 6) isthe angle between the line and the

normal to the plane.

andax +by +cz+d=0

al+bm+cn

So sind =
\/(a2+b2+02\/£2+m2+n2

Lineisparalld toplane: If6=0i.ea/+bm+cn =0
Lineis”™totheplane: If lineisparalel tothenormal of the

Iane'e'fg—ﬂ——
p i.ei 7= m

Conditionin order that thelinemay lieon thegiven plane:

X —X - z-2
Theline L_ YN _ L will lieontheplane
14 m n

Ax+By+Cz+D=0if
(i) A¢+Bm+Cn=0and

(i) Ax, +By, +Cz, +D=0
1 174

Family of Plane:
Equation of plane passing through the line of intersection
of two planesu =0 and
v=0isu+av=0.

Imageof pointinaplane:
Inorder to find theimage of apoint P (x4, y,, z;) inaplane
ax +by +cz+d=0, assumeitasamirror and find theimage
of the point. Let Q (X5, Yo, Z,) be theimage of the point P

(X1, Y1, Z9) inthe plane then
(i) linePQ isperpendicular to the plane.

(i) the plane passes through the
middle point of PQ.
Hence equation of thelineis R
Xo=X1 _Yo=Y1_Z2-%1 _
a b c

r

Q
and the middle point satisfies the equation of the plane

o {555 (228 238

The co-ordinates of Q can be obtained by solving these
equations.

Example43:

Find the angle between the plane 2x +y -3z + 4 + 0 and the
straight line having direction ratios 3, 2, 4.

Required angleis given by

32+21+4(-3)
\/22 +1% + (—3)2 \/32 +22 4+ 42

Sal.

sind =

6+2-12 -4 _ 1[ 4 j
= = = Sn —_—
NN N J406

Note: If ax?+ by? + cz2 + 2fyz + 2gzx + 2hxy = O represents
apair of plane, then the angle between the planesis given

6_2\/f2+gz+h2—ab—bc—ca

b tan
Y at+b+c

TRY ITYOURSELF-4
Find the perpendicular distance of the point (2, 3,—5) from
the plane x+2y—-2z=9
Find dc's of the normal to the planer.(2i — 3j +6k) +2=0
and its distance from the origin.
Find the coordinates of thefoot of the perpendicular drawn
fromthe origin 2x + 3y +4z-12=0
Find the intercepts cut off by the plane 2x + y -z =5.
Find the equation of the plane through the intersection of
the planes 3x-y+2z-4=0and x+y +z -2 =0and the
point (2,2, 1).

Q.1
Q.2
Q3

Q4
Q5

Q.6 Distance between thetwo planes: 2x + 3y + 4z =4 and
Ax+6y+82=12is
(A) 2 units (B) 4 units
C) 8unit D 2 it
(C) 8units ()\/Z—gunls.

Q.7 Theplanes: 2x-y+4z=5and 5x—2.5y + 10z =6 are —
(A) Perpendicular (B) Parallel

(C) intersect y-axis (D) passesthrough (0, 0, 5/4)

=
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Q.8

Q9

A variable plane at a distance of one unit from the origin
cuts the coordinates axes at A, B and C. If the centroid
D(x, Y, z) of triangle ABC satisfiestherelation

1 1 1 :
_2+F+Z_2 =k, thevalueof kis

X
(A)3 (B)1
© w3 (D)9

Find equation of plane passing through line 2x+y+z — 3=0,
3x +y+z=5,whose perpendicular distance from, (2, 1,-1)

is1//6.
(A)62x+29y+19z2-105=0
(B) 62x + 29y — 192 -105=0
(C)62x+19y+192-95=0
(D) 52x—29y +19z-105=0

Q.10 A plane passes through (1, -2, 1) and is perpendicular to

@

(b)

©

two planes 2x -2y +z =0, x—y + 2z = 4. The distance of the
planefromthepoint (1, 2,2) is

(A)O (B)1

(© 2 (D) 242
ANSWERS

(1) 3 (2) (217,-317,617); 217

24 36 48 5
3) [EEEJ (4)5,5 and -5
(5) 7x-5y+4z-8=0 (6) (D)
® O 9 (A)

IMPORTANT POINTS l

Given vectors x;a+y;b+2zC, x,a+y,b+2z,¢,

(M (B)
(10) (D)

x35+ y35+ 236 , where 3 b, ¢ arenon-coplanar vectors,

X1 Y1 4
X2 Y2 Z2| -
X3 Y3 Z3

will be coplanar if and only if

Scalar tripleproduct :

If @=ayi+ay)+ask, b="byi+b,j+bsk and

=i +Cyj+Cgk then

a4 a &

by b, by

G C C3

[ab c] = volume of the parallel opiped whose coterminous

(axb).c=[abd]=

edgesare formed by 7 b, ¢

a,b,¢ arecoplanarif andonlyif [ab ] =

(@

©

()

10.

Four points A, B, C, D with position vectors a, b, ¢,d
respectively are coplanar if andonly if [AB AC AD] =
i.e.ifandonlyif [p-a c—a d-a] =0

Volume of a tetrahedron with three coterminous edges

Volumeof prismon atriangular basewith three coterminous
edges 3,5,5=2][3 b |

Lagrange sidentity :

(axb).(cxd) = = (ac)(bd) - (ad)(b.c)

.C
Reciprocal system of vectors:

If & Db,¢ beany three non coplanar vectors so that

[ab¢] =0 then the three vectors a'b'c' defined by the

|
1

x C
[abg’

called thereciprocal system

B-

equations a'=

of vectorsto the given vectors
a,b,c.

If ¥ and g arenon-zero constant vectors and the scalar b
is chosen such that |7+ bS| is minimum, then the value

of |bs|? +|T+bs[? isequal to |7 |?.

If ab,¢ d areposition vectors of the vertices of acyclic
quadrilateral ABCD then

|axb+bxd+dxa|
(b-2).(d-3)

|bx6+ﬁxa+ax5|_
(b-72).(d-7¢)

If A,B&C are vectors such that |B|=|C|, then

[(A+B)x(A+C)]x(BxC).(B+C)=0

p2b+ (ba)a— p(bxa)
p(p® +a%)

Thecoordinates of theorigin O are(0,0,0). The coordinates

of any point on the x-axis will be as (x,0,0) and the

coordinates of any point intheY Z-planewill beas(0, y, 2).

The equation of the x-axisisy = 0, z = 0. Similarly, the

equation of y-axisisx =0, z= 0 and that of z-axisisx =0,

y=0.

If ax + by + cz + d = 0 be the plane, then the points

(X1, Y1, 1) @nd (X5, Yo, Z,) lie on the same side or opposite

If px+(xx8)=D; (p=0) then x =

ax, + by, +cz; +d
ax, +by,+cz, +d

side according as >0 or <0,

[4
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12. If ¢, m, narethedirection cosinesand a, b, c arethedirection
ratios of aline then

a b c
= ,m= ,n=
x/a2+b2+c2 \/a2+b2+c2 \/a2+b2+c2
13. If ¢4, my, ny and /,, m,, n, are thedirection cosines of two
lines; and 6 is the acute angle between the two lines; then
€SO = | /10y + mm, + NN, |.
14. Equation of aline through a point (x,, y;, ;) and having
X=X _Y=Y1_2-7
l m n

1

directioncosines ¢, m, nis
15. Shortest distance between F = & + b, and T = a, + b,

) |(B1 X ?2)-(?2 _31)|
by xby| |

16. The equation of a plane through a point whose position

vector is 3 and perpendicular to the vector || is
(f-a).N=0
17. Vector equation of a plane that passes through the
intersection of planes 7.n; =d; and 7., =d, is
T.(Ay + AN,) = d; + Ad, , where A isany nonzero constant.
18. The distance of a point whose position vector is 3 from
theplane fA=d is|d-an]|.

19. Skew line: Two straight lines are said to be skew lines if
they are neither parallel nor intersecting.

Z (X5 = Xq)(Myn, —myny)

\/Z(man —myny)?

ADDITIONAL EXAMPLES

Examplel:
Determine whether each statement is true or false
(@ Twolinespardlel toathirdlineare parallel.
(b) Two linesperpendicular to athird lineare parallel.
(¢) Two planesparallel to athird plane are parallel.
(d) Two planesperpendicular to athird plane are parallel.
(e) Twolinesparallel toaplaneareparallel.
(f) Twolinesperpendicular to aplaneare parallel.
(9) Two planesparallel toalineareparallel.
(h) Two planesperpendicular to alineare parallel.
(i) Two planeseither intersect or are parallel.
() Twolineseither intersect or areparallel.
(k) A planeand alineeither intersect or are parallel.

Shortest distance :

Ans. (@ True, (b)Fase, (c)True, (d) False,
(e Fase, (f)True (g) False, (h) True,
@i True, (j)Fase, (k) True

Example2:
If ab=acand ax b=ax c, then correct statement is -
(A)al(b-c) (B) al(b-c)
(C)a=0orb=c (D) None of these

Sol. (C).ab=ac=a(b-c)=0
—=a=0orb-c=0o0ral(b-c)

= a=0orb=coral(b-c)
Alsocaxb=axc=ax(b-c)=0
= a=0orb-c=0oral(b-c)
= a=0orb=cora|(b-c)
Observing to (1) and (2) wefindthat a=0orb=c

Example3:
If vectorsai +j +k,i +bj+kandi +j+ck (azb=c=1)ae
1 1
+ + .
l1-a 1-b 1-c
Sol. Since vectors are coplanar

coplanar, then find

al 1] a 1 1
1 b 1=O:> l1-a b-1 O -0
1 1 ¢ 0 1-b c-

[UsngR,-R;, Ry—R,]
=ab-1)(c-1)-(1-a){(c-1)-(1-b)}=0
=a(l-b)(1-c)+(1-a)(1-c)+(1-a)(1-b)=0
=@-1+1)(1-b)(1-c)+(1-a)(1-c)+(1-a) (1-h)=0
=(1-b)(1-c)+(1-a)(1-c)+(1-a)(1-Dh)

=(1-2)(1-b)(1-c)

1 N 1 . 1 1
7 1-a 1-b 1-c
Example4:
If G isthe centroid of triangle ABC then find the value of
GA +GB+GC- A

Sol. If D ismiddlepoint of side BC then

B
GdividesAD intheratioof 2: 1

AG=2GD

@:%(@+@)

= -GA=GB+GC = GA+GB+GC =0

Example5:
If ABCDEFisaregular hexagonand

AB+AC+AD+AE+AF=kAD , thenfind the value of
k.

Sol. -+ AB—ED ad AFCD . S0 N
AB+AC+AD+AE+AF .
= ED+AC+AD+AE+CD

= (AC+CD) + (AE+ED) +AD A A

= AD+AD+AD = 3AD k=3

e
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Example6:
Find thelength of diagonal AC of aparallellogram ABCD
whose two adjacent sides AB and AD are represented
respectively by 2i + 4j -5k and i + 2j + 3k.

-+ AC=AB+AD =3i+6j-
Length of the diagonal AC =| AC|

=¥ +6%+(-2?% =7

Example7:
Find the equation of the plane through point (4, 2, 4) and
perpendicular to planes2x + 5y +4z+1=0and
AX+7y+62+2=0.
Let equation of the plane be
a(x-4)+b(y-2)+c(z-4)=0 (@)
It is perpendicular to given two planes, So we have
2a+5b+4c=0
and 4a+7b+6c=0
a c
from(2) & (3) = 52" 8 = 1 2 3
Putting these proportional valuesof a, b, cin (1), required
equationis x+2y—-3z+4=0.

Sol.

Sol.

Example8:
Ifvectorsa=i—-j+k,b=i+2j—kandc=3i+pj+5kare
coplaner, then find the value of p.

Sol. a, b, carecoplanar = [abc] =

1 -1 1
1 2 1
3 p 5
= (10+p+3)-(6-5-p)=0=p=-6

= =0

Example9:
Leta b, csuchthat [a|=1, bp|=1and |c|=2and if
ax (ax c) + b =0 then find acute angle between aand c.
If angle between aand cis 6 then -

ac=|al|c|cosb =1.2cos6=2cosH
butax(axc)+b=0
(a.c)a-(a.a)c+b=0
(2cosb).a-1.c=-b
[(2 cosB) a—c]? = [-b]?
4cos? 0 |aff-2. (2 cosB) a.c+ ] = b2
4c0s?0 -4 cosO (2cosB) +4=1
4(1-cos?0)=1 [-- |a]=
sind=1/2=0=r/6

Sol.

1|b]=1]

LUuu iy

Example10:
If © be the angle between vectorsa=i + 2j + 3k and
b=3i +2j +k, thenfind coso.

ab  3+4+3 5

lallb] Viavi4 7

Sol. cosh =

Examplell:
If /i + mj + nk is aunit vector which is perpendicular to

vectors 2i — j + k and 3i + 4j — k then find the value of | 7 |.
Sol. Unit vector perpendicular to vectors
o o 2i-j+k)x(@Bi+4j-k)
2i—j+kand3i+4j-kis = [(2i—j+K)x (3B +4j-K)|
il-4)-j-2-3)+k@B+3) -3i+5j+11k
B J9+25+121 V155
‘\/15 155

Example12:

Find the equation of set of points P such that

PAZ + PB2 = 2k2, whereA and B arethe points(3, 4, 5) and

(-1, 3,-7), respectively.

L et the coordinates of point Pbe (X, y, 2).

HerePAZ=(x-3)2+ (y-4)2+ (z-5)?,

PBZ=(x+1)2+(y—-3)?+(z+7)

By the given condition PAZ + PB2 = 2k2, we have

(x=3)%+(y=4)%+ (2-5)%+ (x+ )2+ (y=3)* + (z+7)?
=2k?

Sol.

i.e, 2x2+2y2 + 272 — Ax — 14y + 4z = 2k? - 109.

Example13:

Find the ratio in which the yz—plane divides the line joining
the points (3, 5,-7) and (-2, 1, 8). Find also the coordinates
of the point of division.

Let the yz—plane divide the line joining the given points in
the ratio m; : m,. Then the coordinates of the point of

Sol.

(2m1+3m2 my +5m, 8m1—7m2\
d|V|S|0nareL m+m, ~m+m,  m+m,

Since this point lies on the yz—plane, its x-coordinates is
zero. Therefore —2m, +3m,=0,i.e. m;:m,=3:2
The other coordinates of the point of division are now

3425 13

T 345 5

my +5m,
my +m,

8my —7m,
my+m,

 38-27

andz=

3+2

Examplel4:

Using section formula, prove that the three points
(-4,6,10), (2,4,6)and (14, 0,-2) are collinear.
LetA(-4,6,10),B (2,4, 6)and C(14, 0, - 2) be the given
points. Let the point PdividesAB intheratiok : 1.

Then coordinates of the point P are

[2k—4 4k +6 6k+10]
k+1' k+1" k+1

Let us examine whether for some value of k, the point P
coincides with point C.

Sol.

[¢
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2k-4 3
On putting m=14,weget k=-——

2
3 _
When K = —> then 4k+6=4( 3/2)+6=0 and

2 k+1 3
-—+1

2

W+m_6ema+m__2
k+1 _§+1
2

Therefore, C (14, 0,-2) isa point which divides AB externally
intheratio 3: 2andissameasP. HenceA, B, Carecollinear.

Example15:

Find the locus of a point, which movesin such away that
its distance from the origin is thrice the distance from xy-
plane.

Let thepointbe P(x, Y, z), thenitsdistancefromoriginis

OP=/x% +y?+7?

Thedistance of Pfrom xy-planeisz

According to question, /x? +y? +z% =3z

Thusthe required locusis x2+y2—-8z2=0

Sol.

Example16:
Find the projection of the line segment joining the points
(-1,0,3)and (2,5, 1) on the line whose direction ratios are
6,2,3.

Sol. Thedirection cosines ¢, m, n of the line are given by

_m €2+m2+n2
2

3 62422432

L= E m= Z n= E
AR A
Therequired projectionis given by

= (Xy—Xp) + M(Y,—yy) +N(Z,-2,)

1
7

1
R

6 2 3
= 2-(D]+ 5 (6-0+ > (1-3)

—§x3+2x5+§x 2
"7 7 7
_18 10 6_18+10-6_22
7 7 71 1 7

Examplel7:

Find the equation of the plane which bisects the line
segment joining points (2, 3,4) & (6, 7, 8) perpendicularly.
Mid-point of theline segment = (4, 5, 6) and itsdr;sare
6-2,7-3,8-4i.e.,1,1, 1Required plane passes through
(4,5,6) anddr'sof itsnormal are 1, 1, 1; henceitsequation
willbe 1 (x-4)+1(y-5)+1(z-6)=0

= X+y+z-15=0

Sol.

Example18:
Find the point of intersection of the line

X-6 y+1 z+3
-1 0 4

Any pointon the lineis (- r + 6, -1, 4r -3)

If given line meets given plane at this point, then

(-r+6)-1-(4r-3)=3 =r=1

.. Required point of intersection = (5, -1, 1)

andthe planex +y-z=3.

Sal.

Examplel9:
A plane meets coordinate axes at pointsA,B,C. If a,b,c be
centroid of A ABC, then find the equation of this plane.

Sol. LetA = (p,0,0),B=(0,q,0),C=(0,0,r).Thenequation of
the planeis §+X+E=1 (D)
p q r
Asgiven centroid AABC = (a, b, c).Hence
p+0+0  0+g+0 = O0+0+r _
3 &3 TPz T

= p=3a q=3b,r=3c
Puting value of p, g, rin (1) required equationis

Xy z
atbc 3

Example20:

Prove that the anglein asemi circleisaright angle.

Let O be the centre of the semi circle with AOB as its

diameter. Let Pbe apoint on the semi-circle, sothat Z/APB

isan angle in the semi circle. Join OP. Let O be taken as

Sol.

origin. Let the position vectors of A, B and Pbe o, — o

. P
and T respectively.
Clearly, OA=0B=0P
Now AP=(fF-q)
A g O-a B

and BP=(F+4)
AP-BP=(f-@) - (F+a)=r2-a?2=0P?-0A2=0

[~ OP=0A]
APLBPi.e /APB=90°.

Example21:
ArcAC of the quadrant of acirclewith centreasorigin and
radius unity subtends a right angle at the origin. Point B
dividesthe arc AC in theratio 1 : 2. Express the vector

¢ intermsof aandb.

v
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Sol. C=xa+yb 0 Two planes are given by equations x + 2y — 3z =0 and
Taking dot product with a in (i) 2x+y+z+3=0.Find
J3 (i) DC'’s of their normals and the acute angle between them.
é-é:é-éeré-B ; O=X+y— ...(i) (i) DC’sof their line of intersection.
_ o 2 (i) Equation of the plane perpendicular to both of them
Taking dot product with € in (i) through the point (2, 2, 1).
eE=xAaB+ybT ;1=O+%: y=2 Sol. fy=i+2j-3k, y=2i+j+k
i) = . 2. oh [ Cos0 = =—=
from (ii), x=-./3 . t=—J/3a+2b 0 iy 7o)~ 2421
Example22: i ] K
AD, BE and CF are the medians of a triangle ABC .. . _ PSS
intersecting in G. Show that @ Mmxny=1 2 -3)=5-7j-3K
1 21 1
AAGB=ABGC=ACGA= éAABC' DC'sof line of intersection of the plane
Sol. Let b, ¢ bethe position vectors of B and C with respect [ 5 7 _ 3 j
. + . F VT
to A asthe origin of reference. J83 J83' /83
Therefore, the position vectorsof D, E, F are a4 A L
1 L1 (i) (F-(2i+2j+Kk)) - (A xny)=0
E(b+é),§é,§b respectively. = 5(x-2)-7(y-2)-3(z-1)=0
o = 5x-7y-3z+7=0
Also the position vector of the
point G, the centroid, is Example25:
E(0+5+5) =£(5+6) L et equation of planebe 7 -(6?—3]—2&) +1=0 thenfind
3 3 perpendicular distance of plane from origin and also find
A ¢ AAGR 1 (,ﬁ E) direction cosines of this perpendicular.
reaof A == X A~ A A
2 Sol. Planeis ¥ -(6i —3j —2k)=-1
= 2 Bx2(b+) |~ 2[pxb+bx| ; [_;+§]+E@:£
2 3 6 = 7177 7
1|B a| 1 f AABC Perpendicular distancefrom origin=1/6
= — XC|l=— .
6 3 areaof A | 632
Similarly, we can show that areaof A BGC and dcs of perpendicular = | =" 37 ).
1
= —areaof AABC
3 Example26:
and areaof A CGA = EareaofAABC Find_thevector equ_at_ion of planevx_/hichisat adistance of
3 8 units from the origin and which is normal to the vector
Example23: 2i+j+2k.
Find the equation o_fthe plane through (2, 3,-4), (1,-1, 3) Sol. Here,d=8and fi— 2?+]+2|2
and parallel to x-axis.
Sol. The (e)?uazt)iinbo(fythe?,g)fze(zpiszn_gghrough(%, 3,—-4)isa - A 2f+]+2|2 B 2?+]+2I2
Since (1, -1, 3) lieson it, we have In| \/22+12+22 3
a+4b-7c=0 (2 h ired . folaneis. 7.A = d
Sincerequired planeisparallel to x-axisi.e. perpendicular Hence, the required equation of planeis, T.n =
toYZplanei.e. (530 ok)
b ¢ = ?L—ZHHZkJ:Bor T-(2i+j+2k)=24
1-a+0-b+0-c=0=a=0=4b-7c=0= Z=, 3
.. Equation of required planeis7y + 4z =5.
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Example27:

- a b c a b, c

Find the angle between the planes 2x -y +z=11 and = 2 -2 _ 2 o 2-2_22
X+y+2z=3. 10-9 3-5 9-6 1 -2 3

aa, + bbby +ciC)

Let 6 be the angle between the given lines. Then
&a, + bibs + ¢

\/a12+bf+cf \/a§+b%+c%

cos0 =

__ D@+ B3+ ()
\/22 +32 4+ 42 \/12 + (—2)2 + (3)2

2-6+12 8

= @=cost (L]
406

Example31:

Find the coordinates of the point where the line joining

the points (2, -3, 1) and (3, — 4, - 5) cuts the plane

2X+y+z=T.

The direction ratios of theline are
3-2,-4-(-3),-5-1ie.1,-1,-6

Hence eguation of the line joining the given pointsis
X-2 y+3 z-1_

1 1 6 W

Coordinates of any point on thisline are
(r+2,-r-3,-6r+1)

If this point lieson the given plane 2x +y + z=7, then
2(r+2)+(-r=-3)+(-6r+1)=7=r=-1

Coordinates of the point are
(-1+2,-(-1)-3,-6(-1)+1)ie.(1,-2,7).

Example32:

Sol.cosez222222
V(e +b7 +2) (23 +b3 +3)
= c0s0 = 21+ (2 1412 S
22+ ()2 +12 V12412422 2
Example28:
Find the equation of plane passing through the intersection
of planes 2x -4y +3z+5=0, x +y + z =6 and parallel to
straight line having direction cosines (1, -1, — 1).
Sol. Equation of required plane be
(2x—-4y+3z+5)+A(X+y-z-6)=0
ie +A)x+ (-4+0)y+zB3-1)+(5B-61)=0
Thisplaneisparallel toagtraight line. So, al + bm+cn=0
12+A) + () (-4+1) + (-1)(3-1) =0 i.er=-3
. Equation of required plane is —x -7y + 6z +23=0.
ie Xx+7y-6z-23=0.
Sol.
Example29:
i . X+l y-1 z-2
Find the angle between the line 3 2 2 and
the plane 2x+y-3z+4=0
Sol. The given line is parallel to the vector B:3f+2]+4l2
and the given planeis normal to the vector ﬁ:2?+] -3k
. b-ii  (3i+2j+4K).(2i + j-3K)
SN =———-=
IbIIn /321224 422241243
_6+2-12 -4 e—sin‘l[ -4 ]
V2914 a0 /406
Example30: Sol.
Find the angle between the line x—2y +z=0=x+2y -2z
and x+2y+z=0=3x+9y+5z
Sol. Letay, by, ¢, be the direction ratios of the line x—2y +2z=0

and x + 2y -2z =0. Since it lies in both the planes, therefore,
itis_L to the normalsto the two planes.
a—-2b;+c;=0
a+2b;-2¢,=0
Solving these two equations by cross-multiplication, we
% by G a_b g
have 4 5 12 2+2% 2 3 4
Let a, b,, ¢, bethedirection ratios of the line
X+2y+z=0=3x+9y+ 5z
a,+2b,+c,=0
3a,+9b, +5¢,=0

Find the equation of the plane which contains the two

Aldli X+l y-2_ z dx—3_y+4_z—1
prgleins =% "1 ¥ 3 T 2 T

The eguations of the two parallel lines are

x+1 y-2 z-0
3 2 1

Xx-3 y+4 z-1
3 2 1
the equation of any plane through theline (1) is

a(x+1)+b(y-2)+cz=0....(3)

where3a+2b+c=0
Theline (2) will alsolieon the plane (3) if the point
(3, -4, 1) lies on the plane (3), and for this we have
a(3+1)+b(-4-2)+c=0o0r d4a-6b+c=0
Solving (4) and (5 a_b_c
ving (4) and (5), we get 8- 1 28
Putting thevaluesof a, b, cin (3), therequired equation of
the planeis8x +y—26z + 6 =0.

and

[4
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EXERCISE-1[LEVEL-]]

Q1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

QS8

PART -1-VECTOR
Ifi, ], kareunit vectorsalong the positive direction of X,
Y and Z-axes, then a false statement in the following is —
(A) Tix(j+k)=0 (B)Tix(jxk)=0
© zi.(jxk)=0 (D) =i.(j+k) =0
3 band & are nonzero coplanar vectors, then

[2a-b 3b-C 4c-3a]=

(A)25 (B)0

©27 (D)9

A space vector makes the angles 150° and 60° with the
positive direction of X- and Y-axes. The angle made by
the vector with the positive direction of Z-axis is —
(A)90° (B)60°

(©180° (D) 120°

If 3 bandc are unit vectors, such that a+b+c="0,
then 3ab+2bc+ca=

(A) -1 B)1
(©)-3 (D)3

If 3,0& ¢ are unit vectors such that a+b+c=0 0

then angle between & b is —

(A (B) 2n/3
©)n/3 (D)2

If & b& ¢ arenoncoplanar, then the value of

- bx¢ - txa
as— — b. ——— is —
3b.(Cx3) 3c.(axb)
(A) L6 (B)-1/6
©)-13 (D)-1/2
If 2f+3], f+]+ k and ﬁ+4]+ 2k takeninanorder are
conterminous edges of a parallelepiped of volume 2 Cu
units, then value of A is —

(A)4 (B)3

©2 (D)-4

A unit vector perpendicular to both iA+]+IA< and

2iA+]+3I2 is—
3i+j-2k A
T B)2i+j+k

c (2i-j-k) D) (5 Tk

© NG (D) (2i -j+k)

Q.9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

If 3, b& ¢ arethreenon-coplanar vectorsand p, § and

o

T are vectors defined by p= fo 4= Sf? and
[ab¢] [ab¢]

T= éfb , then the value of

[ab{]

(a+b).p+(b+0)g+(C+a)f=

(A)3 (B)0

©1 (D)2

If (axb)?+(a.b)? =144 and |a|=4, then |b|=

(A)12 (B)16

©8 (D)3

If i+j—k and 2i-3j+k are adjacent sides of a
parallelogram, then the lengths of its diagonals are —

(A) V21,413 (B) V3,14
(C) V13,414 (D) V21,43

If the volume of the parallelepiped formed by three non-
coplanar vectors a band € is4 cubic units, then
[axb bx¢ ¢xa]=

(A)8 (B)64

©16 (D)4

Ifa =(1,23), b =(2-1,1), ¢ =(3,2,1) and
ax(bxt) =oaa+pb+yc,then-
(A)a=1,p=10,y=3 (B)a=0,=10,y=-3

Qo+p+y=8 (D)a=p=y=0
If 21 b& (a+b) L (@a+mb), thenm="?
(A) -1 (B)1
© _[32'2 (D)0

bl

If & b, ¢ areunit vectorssuchthat a+b+c=0 then

a-b+b-c+c-a="?

(A)3/2 (B)-3/2

(©) 23 (D)1/2

If & isvector perpendicular to both band ¢, then —
(A) a-(bx¢) =0 (B) ax(bxc)=0
© ax(b+c)=0 (D) a+(b+¢)=0
The angle between two diagonals of acubeis
(A) cost (1/3) (B)30

© cost(1/+/3) (D) 45°

[4
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

The area of the parallelogram whose adjacent sides are
i +kand 2iA+]+IA< is

(A)3 (B) V2

© 4 (D) V3

If aand b aretwo unit vectorsinclined at an angle n/3,

then the value of |a+b| is

(A)equal to 1l (B) greater than 1
(C)equal to 0 (D) lessthan 1
Thevalueof [a-b b-¢ ¢-&] isequal to—
(A)O (B)1

©) 2[abg] (D)2

If a=i+)+k,|b|=5 andtheanglebetween aand b is
n/6, then the area of the triangle formed by these two

vectors as two sides is
(A)15/2

(C) 15/4

(B)15
(D) 153/2
Let a=i-2j+3k if b isavector such that

a-b=|b? and|a-b|=+7,then |b|=

(A) 7 (B) 14

© V7 (D21

If direction cosines of avector of magnitude 3 are
222 da>0, then vect

3 3 3 anda en vector is —

(A) 2i+]j+k (B) 2i —j+ 2k

© i-2j+2k (D) i + 2]+ 2k

PART -2-BASICSOF 3-D GEOMETRY

(0,7,-10),(1,6,—6)and (4, 9, — 6) are the vertices of an —
(A) isoscelestriangle. (B) right angled triangle
(C) equilateral triangle (D) none of these
Find the equati on of the set of pointswhich are equidistant
from the points (1, 2, 3) and (3, 2, -1).
(A) x+z=0 (B)2x-y=0
© x-2z=0 (D)3x-z=0
Find the coordinates of the point which divides the line
segment joining the points (- 2, 3, 5) and (1, — 4, 6) in the
ratio 2: 3internaly
2
5
3

w (32
o(Z 23]

(_4 1 E)
© 5 55
GiventhatP (3,2,-4),Q (5,4,-6)and R (9, 8,-10) are
collinear. Findtheratio inwhich Q divides PR.

(A) 1:2internally (B) 1:3internaly
(C) 1: 2externdly (D) 2: 3internaly

5

N 01I|—\

Q.28

Q.29

Q.30

Q31

Q.32

Q.33

Q.34

Q.35

Q.36

Find the ratio in which the Y Z-plane divides the line
segment formed by joining the points (-2, 4, 7) and

(3,-5,9).
(A) 1:3 (B)4:3
© 5:2 (D)2:3

Find the coordinates of the points which trisect the line
segment joining the points P (4, 2,—6) and Q (10, -16, 6).
(A)(6,4,2);(8,-10,2) (B) (3,4,-2); (8,-10,-2)
(C)(6,-4,-2);(8,-10,2) (D)(3,-1,-2);(4,-5,2)
Three vertices of a parallelogram ABCD are A(3, -1, 2),
B (1,2,-4)and C (-1, 1, 2). Find the coordinates of the
fourth vertex.

(A) (1! _21 8) (B) (1, 2, 5)

(C) (2! _31 8) (D) (31 _5! 6)

If the origin is the centroid of the triangle PQR with
vertices P (2a, 2, 6), Q (-4, 3b,-10) and R (8, 14, 2¢), then
find the values of a, b and c.

(A)2,16/3,3 (B) —2,-16/3,2

(C) 2,-14/3,2 (D) -2,19/3,3

Find the coordinates of a point on y-axiswhich are at a
distance of 52 from the point P (3, -2, 5).
(A)(0,2,0);(0,-6,0) (B)(1,2,0);(0,-3,0)
(©)(1.2,3);(1,-6,0) (D)(0,3,0);(1,-5,0)

A point R with x-coordinate 4 lies on the line segment
joining the points P(2, =3, 4) and Q (8, 0, 10). Find the
coordinates of the point R.

(A)(4,2,5) (B) (3.-2,6)

(€) (4,-2,6) (D)(1,-1,4)

If Aand B be the point (3, 4, 5) and (-1, 3, —7) respectively.
Find the equation of the set of points P such that

PAZ + PB2 = k? where k is a constant.

k% -109

(A)X2+y2+72-2x-Ty+2z=

k%103

(B)X2—y2+72-2x—6y +2z=

2_
(O X2 +2y?+722—x-Ty+z= k7109

(D) None of these
The distance of the point (4, 3, 5) from the y-axis is —

(A) /34 (B)5
© Va1 (D) V15

PART -3-LINE IN SPACE
Find the equation of the line which passes through the

point (1, 2, 3) and is parallel to the vector 3i + 2]—
(A) (i +2j+3K) + A (3 + 2] — 2k)
(B) (i +2j+3K) + A (3 +2) + 2k)
(©) (i +2j+3K) + 1 (=3 — 2] — 2K)
(D) (i —2j+3K)+1 (3 —2j— 2K)

==
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Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Find the cartesian equation of the line which passes
through the point (- 2, 4,-5) and parallel to the line given

X+3 y-4 z+8

by =3 5 6

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

) 3 5 3 ®) 5 3 6
X+2 y-4 z+5 X+2 y+4 z-5
© 5 =5~ OF ==

3 4 5
Find the values of p so that the lines

1-x _ 7y—14: z-3 and 7-T7x _ y—5: 6-2z

3 2p 2 3p 1 5
are at right angles.
(A) 7011 (B) 7019
(©1v70 (D)970

Equation of thestraight lineinthe plane ¥/ = d whichis

pardlel to T=a+ Ab and passes through the foot of
perpendicular drawn from the point P(a) to the plane

Shortest distance between lines
X-6 y-2 z-2
1 2 2 M3
(A) 108 B)9

©27 (D) None of these
The equation of straight line 3x+2y-z-4=0;

X+4
g 22

—Q~=—~ 1S

-2

4x+y—2z+3=0 inthesymmetrical formis

X-2_y-5_1z X+2 y-5 z
W3 =77 "5 B -

B3 =" "5

X+2

z
© 3 T, s (D) None of these

heangleb helines =% =% g Z-Y_Z2
The angle between the lines 1—0—_1& 3° 475
is

(A) cost (1/5) (B) cos1 (1/3)

(C) cost (1/2) (D) cos1 (1/4)

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

The angle between the straight lines

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

2 5 4 T T T3
(A)45° (B)30°
(C)60° (D) 90°

A linewithdirection cosines proportional to 2, 1, 2 meets
each of thelinesgiven by theequationx=y +2=2;

X + 2 = 2y = 2z. The coordinates of the points of
intersection are —
(A)(6,4,6),(2,4,2)
(©)(6,4,6),(2,2,0)

(B)(6,6,6),(2,6,2)
(D) None of these

PART -4- Pl ANE

N <

z
Equation of the plane perpendicular totheline 3

| X

and passing through the point (2, 3, 4) is —
(A)2x+3y+z=17 (B)x+2y+3z=9
(C)3x+2y+2z=16 (D)x+2y+3z=20

-2 y-3 z-
3 4 5
(A)2x+3y+4z=0 (B)3x+4y+5z=7
(C)2x+y-2z=0 (D)x+y+z=2

The equation to the plane through the point (2, 3, 1) and
(4,-5, 3) and parallel to x-axis is —

(A)x+y+4z=7 (B)x+4z=7

(C)x-4z=7 (D)y+4z=7

The equation of a plane passing through the line of
intersection of the planes 2x + 3y—4z=1and
X—y+z+2=0is(2x+3y—4z-1)+ A (3x-y+z+2)=0,
then find the value of A if it is perpendicular to the plane

X 4
Theline isparallel to the plane

2x+3y-4z=0
(A) 12 (B) 2972
©29 (D)-1/2

If (2, 3,-1) is the foot of the perpendicular from (4, 2, 1) to
a plane, then find the equation of the plane —
(A)2x-y-2z-3=0 (B)2x+y-2z-9=0
(C)2x+y+2z-5=0 (D)2x-y+2z+1=0
If M denotes the mid-point of the linejoining
A (4i +5]-10k) & B (~i+2j+K), then the equation
of the plane through M and perpendicular to AB is —
135
2
3~ 72 9-) 135

T —i+—= ——k] +—=0

®) (2 21727

(C) T.(4i +5]-10k) + 4=0

(A) F.(-5 -3j+11k)+==—=0

(D) T.(~i +2j+K)+4=0
The plane 2x — 3y + 6z — 11 = 0 makes an angle sin1(a)
with the x-axis. Then the value of a is —

3 2
wE @2 0 ol
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Q.52 Image pointof (5,4, 6) intheplanex+y+2z-15=0is PART -5-MISCEL LANE
(A) (322 (B)(232) . : o A A a
(C) (2 2 3) (D) (_5 4 —6) Q.61 What is the value of linear V€‘|OCIty, if &=3i —4j +k
X z F =5 —6]+6k
Q.53 Theplane E+%+Z=l cutstheaxesinA, B, Cthenthe and T = 5i -6+ 6k
areaof the A ABCis (A) —18i —13j+ 2k (B) 6i +2j—3k
(A) V29 (B) Ja1 (C) 4i —13j+6k (D) 6i —2j+8k
©) J61 (D) None of these With respect to arectangul ar cartesian coordinate system,

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

+1 y-1 z-2
3 2 4

X
Theangle betweentheline andthe

plane 2x+y—-3z+4=0,is

(A) sin_l[%j (B) sin_l[%:;ej

4 4 j

(C) sin [14@ (D) None of these
The equation of the plane passing through the
intersection of the planesx +y + z=6 and
2x+3y+4z+5=0thepoint(1,1,1)is
(A)20x +23y+262-69=0 (B)20x+23y+262+69=0
(C)23x+20y+26z2-69=0 (D) None of these
The equation of the planethrough (2, 3, 4) and parallel to
theplanex + 2y +4z=5is
(A)x+2y+4z=10 (B)x+2y+4z=3
(C)x+y+2z=2 (D)x+2y+4z=24
The equation of the plane which is parallel to the line
X-4 y+3 z+1

1 -4 7
(0,0,0)and (3,-1,2) is
(A)x+19y+11z=0
(C)x-19y+11z=0

and passes through the points

(B)x-19y-11z=0
(D) None of these
+1 y-1 z-2
3 2 4

X
Theangle betweentheline andthe

plane2x+y-3z+4=0,is

(D) None of these

o i

.ox-1 z
Theline N -(y+1) =§and the plane

3x + 2y -z =5intersect in a point. The co-ordinates of the

point are
(A)(1,1,0) (B)(9,-5,12)
© (20,7 (D) (-9,5,-12)

The planesbx—ay =n;cy—bz=/¢; az—cx=m intersect
inalinethen thevalue of a/ + bm + cnisegual to

(A1 B)2

©3 (D) None

three vectors are expressed as :

a=4i-],b=-3+2] and ¢ = —k wherei, ], k areunit
vectors, aong the X, Y and Z-axis respectively. The unit
vector 7 along the direction of sum of these vector is —

1 kS

(A)f=@(?+i—l2> (B)f=ﬁ(i‘+i—f<)
(c:)f—i(i"_”'+|”<) (D)f—i(i}%l%)
_3 J _\/E J

If 3 band G are non-zero vectors then the value of the
scalar ((ax b)xa).(bxa)xb) equals -

(A) |bPlaxbf? (B) a2 |axb[?
(©) - (ab) |axbf (D) (ab)|ax b

If |a|=2and|b|=3 then the value of the scalar
(ax b) xab+ (ab)? is equal to -

(A) 36 (B)18

©12 (D)6

If Uand Varethetwo vectorssuchthat |t |=3;|V|=2
and |UxV|=6 then the correct statement is —

(A) UMV (0,90°) (B) UV e(90°,180°)

(© urv=90° (D) (UxV)xu=6v

- -1
Given 3,b,¢ are vector such that [&,b,C] =3 If the

vector \y can be expressed as linear combination of
bx¢ ¢xaandaxb as

V =x(bxT)+y (€xa)+z(axhb) then(x +y+2z) has
the value equal to —
(A) V.(a+b+0) (B) 2V.(a+b+7¢)

(C) 3V.(a+b+¢) (D) None of these
Determine the value of ¢ so that for all real x, the vector
cxi —6] —3k and xi +2j — 2cxk make an obtuse angle
with one another.

(A)-4/3<c<0
(C)-2/3<c<0.

(B)-1/3<c<0.
(D)-2<c<0.

e
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Q.68

Q.69

Q.70

Q.71

Q.72

Q.73

Q.74

Q.75

Q.76

The number of vectors of unit length perpendicular to
thevectors 3 =(1,1,0)and p =(0,1,1) is

(A) One (B) Two

(C) Three (D) Infinite

The three vectors i+, j+k,k +i takentwo a a
time form three planes . The three unit vectors drawn
perpendicul ar to these three planesform aparallel epiped

of volume:

(A) 1/3 (B) 4

© 3J3/4 (D) 4/33

The points with position vectors

60i +3j, 40i —8], ai —52] arecollinear if-

(A)a=-40 (B)a=40

(C©a=20 (D) None of these

Find the unit vector inthe direction of vector pQ , where

Pand Q arethepoints (1, 2, 3) and (4, 5, 6) respectively.
1

(A) \@(T”*R)

®) 5@ +j+R
1 e - T
(D) E(I + j+2k)

The volume of the parallel opiped whose sides are given

(C)%(T+2]+R)

el _ - o L 4 e - o .
by OA =2i -3}, 0B=7+j-k and OC=3i -k IS
(A) 217 (B) 413
©4 (D) None of these

If 3 b, ¢ beany three non-coplanar vectors and form a

relation (éx 5).C=Ié| |b||€], then the angle between

zand b is
(A) n/2 (B)0
B)n (D) /3

If 3 b, ¢ are three non-coplanar unit vectors and

-~ . b+t o
ax(bXC)=W then the angle between aand b is-

(A) /4 (B) 2n/2
(C)3n/4 (D) /2

If a=i+2j+k b=2i +3j+k =3+ ]+2k and

0d+Bb+ye = =3(i —k), then the number triple

(o, B, ) is
(A 2,-1,-1) (B)(-2,1,1)
©)(2-11) (D) (2,1,-1)

Let & b, ¢ be three non-coplanar vectors and P, G, T
are vectors defined by the relations
b

Ol

then the value of

1_I:=

p= =

o | D
o))
o |T

x x
b b

OO

X
b

ol
[}
l

[abc] ~ [abc] [abq]

Q.77

Q.78

Q.79

Q.80

Q.81

Q.82

Q.83

Q.84

the expression (&+b).p+(b+¢).q+(c+a).F is equa

to-

(A)O (B)1

©2 (D)3

The vectors XT—]—3R, T+x]+2R and 37—2]+XR
are coplanar

(A) Fornoreal valueof x (B) For onereal value of x
(C) For two real valuesof x (D) For threereal valuesof x

The two vectors (x2-1) i +(x +2)] +x%k and

2i —xj+3k are orthogonal —

(A)Fornorea valueof x  (B)Forx=-1
(C)Forx=1/2 (D) Forx=-1/2andx=1
Let a=2i+j—-2k andb=1i+].If & isavector such
that a¢=|¢|.|c-a|=2v2 and the angle between

axb and ¢ and 30°, then ‘ (éXB)Xﬁ‘ isequal to-
(A) 2/3
©2
Thetriplescalar product (3+b—¢, b+¢—a,c+a—-b) is
equal to
(A)O (B) (ab?d)

(©) 2(abg) (D) 4(ab?)

Let a b, ¢ be distinct non-negative numbers. If the
vectors ai +aj +ck, i +k and ci +cj +bk lieinaplane,
thencis

(A) TheA.M.of aand b (B) TheG.M. of aand b
(C) TheH.M. of aand b (D) Equal to zero.

Let 3,b,¢ suchthat [a|=1|b|=1and +|¢|= 2 andif

ax (axc)+b=0 then acuteangle between a and ¢ is

(A) /3 (B)w/4

(©) nl6 (D) None of these

If a=i+j+k, b=4i +3j+4k and =i +aj+pk

are linearly dependent vectorsand |& | = /3, then-

(A)a=1p=-1 (B)a=1,p=+1

©Co=-1,p=%1 D)a=+1,p=1

Ina AABC, let M bethe mid point of segment AB and

let D bethefoot of the bisector of # C. Then find the
. Area A CDM

ratioof "z ea A ABC -

SinA +sinB
(B) 2 (snA +snB)

sinA —sinB
(A) 2(snA +snB)
sinA-sinB
(D) (snA+snB)

sinA —sinB
© 2 (snA—snB)

wrem
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Q.85 Theresultant vector of P and Q is R.Onreversingthe Q.92 Leta=i+j,b=j+kand¢=0a+pb. If the vectors
directionof Q the resultant vector becomes S. Find the i- 2] +K, 3+ 2] —k and ¢ arecoplanar then o/p is
valueof R2+ 2 (A) 1 (B) 2
(A)2(P?+Q? (B)2(P*-Q? (©)3 (D)-3
(C)P?+Q? (D) P2-Q?

Q.93 If and Vv are non-zero vectors such that none of them
can be expressed as a scalar multiple of the other and

satisfy (2cosf+1) T+ (v/3cot0+1) V=0 then the

Q86 Ifa=ai+2j-3k, b=2i+aj—k,c=1+2j+k and

[a b ¢ =6,then o iseither

(A)8or-3 (B)-8or3 most general values of 0 are — (where n e |)

(C)-8or-3 (D) 8ﬂ0r 3ﬂ ) on , on
Q.87 Find the distance of the point B(i + 2] +3k) from the (A) e+ = (B) 2nm+—

linewhichispassingthrough A (41 +2] +2K) andwhich (©) n + 5%5 (D) 2+ %‘

isparallel to the vector &= 2i +3j + 6k .
Q.94 Given |p|=2q|=3and pg=0.If
B

(Px(Px(Px(pxq)))) thenthevector v is—

(A) collinear with p (B) V =16p
N
° (©) V =484 (D) V=164
A
Q.95 Let 3 band¢ be three non-zero noncoplanar vectors
#) 10 ® 5 d p,gand ¥ beth tors defined
and p,gand T be three vectors defined as
© V2 (D) 7 3 q )
Q88 Ifa=i+j+k,b=i—j+k,c=i+]—k p=a+b-2¢, g=3a-2b+¢ and T=a-4b+2C.If
T ' - ’ - ' the volume of the parallelopiped determined by
d=1i-j-k, then (@xb)x(€xd)isavector whichis & band ¢ iV, and that of the parallelopiped determined
orthogonal to both bv B.aand T isV. thenV. = KV. impliesthatK i "
- - - ,gandT is enV, = implies isequ
(A) T and (B)j andk t;’_pq 2 o =KV imp eq
©) kandi (D) i+ and j+k (A)13 (B)15
©25 (D)23

Q.89 A unit vector coplanar with i+ j+2k and i +2j+k -
o Q.96 If the vectors 3,b,¢ are non-coplanar then the box

and perpendicularto i + j+k is— - - -
product [(2a+ b-¢) (r%a+3b—3¢) (3a+ 2b— 2¢)] =0 for

1
A) (-j+k B) 7= (-j+k (A) novalueof &
W ( )*/E Ci+k (B) exactly onevaueof A
(C) exactly 2 valuesof A

(D) al valuesof A

Q.97 Theequation of the parallel planelying midway between
the parallel planes 2x -3y + 6z—-7=0and
2x-3y+6z+7=0is—
(A)2x-3y+62+1=0 (B)2x-3y+6z-1=0

_ (C)2x-3y+62=0 (D) None of these

vector Ap is Q.98 If a point moves so that the sum of the square of its

1 . 1L

© 3 i+K) (0) 75 i+K)
Q.90 OABCDE isaregular hexagon of side 2 unitsin the xy-
plane, O being the origin and OA taken along the x-axis.

A point Pistaken onaline parallel to z-axisthrough the
centre of the hexagon at adistance of 3 unitsfrom O. The

T - N distances from the six faces of a cube having length of
(A) —i +3] +/5K B) i \/§I+5k each edge 2 units is 46 units, then the distance of the
(C)—T+\/§]+\/§R (D) T+\/§]+\/§R point from point (1, 1, 1) is—
o o (A) avariable
Q91 If a=i+j+k,b=i-j+kandc=i+j-k thenthe

vectors a+2b+ jand 2a+¢—k areinclinedatanangle

(A)nl2 (B) /3
(C)n/4 (D) /6

(B) aconstant equal to 2./5 units

(C) aconstant equal to /29 units
(D) cannot be determined

v
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Q.99 The equation of the plane through the point (-1, 2, 0) and

_ y+1l z-2
0

parallel to thelines 1 1 2 1

X
3
is—
(A)2x+3y+62-4=0 (B)x-2y+3z+5=0
(C)x+y-3z+1=0 (D)x+2y+3z-3=0
Q.100 A line segment has length 63 and direction ratios are
3,-2, 6. Ifthe line makes an obtuse angle with x—axis, the
components of the line vector are
(A)27,-18,54 (B)-27,18,54
(C)-27,18,-54 (D)27,-18,-54
Q.101 A line makes the same angle 6, with each of the x and
z-axis. Ifthe angle B, which it makes with y—axis, is such
that sin?p = 3 sin%0, then cos?0 equal —
(A)3/5 (B)1/5
(©) 32 (D) 2/5
Q.102 If thefoot of the perpendicular fromthe originto aplane
is P (a, b, ¢) the equation of the plane is —
A 2+L+Z-3 (B)ax+by+cz=3
a b c
(C)ax+by+cz=a?+b?+c%D)ax+by+cz=a+b+c
Q.103 Equation of a plane bisecting the angles between the
planes2x-y+2z+3=0and 3x-2y+6z+8=0is
(A)5x-y-4z-45=0 (B)5x-y-4z-3=0
(C)23x+13y+32z2-45=0 (D)23x-13y+32z+5=0
Q.104 Equation of plane which passes through the point of

Xx-1 y-2 z-3
3 1 2

intersection of lines and

Xx-3 y-1 z-2
1 2 3

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

Q.105 If a plane meets the co—ordinate axes in A, B, C such that
the centroid of the triangle is the point(1, r, r4), then
equation of the planeis
(A) X +ry +r2z=23r2 (B)r’x +ry+z=3r2
(C)x+ry+réz=3 (D)r’x+ry+z=3

Q.106 Distance between two parallel planes2x +y +2z=8and
4x+2y+4z+5=0is—

and at greatest distance from the

(A) 712 (B)5/2
(©) 32 (D)9r2
-1 1 z-3
Q.107 GivesthelinelL : X3 = y; = Z_l and the plane

7 : X — 2y = 0. Of the following assertions, the only one
that is always true is —

(A)LisLtorn (B)L liesinm
(C)Lisparale torn (D) None of these

Q.108 Let A(a) and B(b) be points on the two skew lines
Ff=a+Ap and ¥=b+ug and the shortest distance

between the skew lines is 1, where p and @ are unit

vectors forming adjacent sides of a parallelogram
enclosing an area of 1/2 units. If an angle between AB
and the line of shortest distance is 60°, then AB =
(A)1/2 B)2

O1 (D) A eR-{0}

Q.109 The Cartesian equation of the plane passing through the
line of intersection of the planes r.(2i — 3j + 4k) =1 and
r.(f—])+4= 0 and perpendicular to the plane
r(2iA—]+I2)+8:O is

(A)3x—4y+4z=5 (B)x-2y+4z=3

(C)5x—-2y-12z+47=0  (D)2x+3y+4=0
X+1 z-3
Q.110 Find the angle between the line e :%:_6 and

the plane 10x + 2y - 11z =3.

(A) sin‘l[%j (B) sint [%j
(©) sin™? [%j (D) sin’t [Z—IJ

Q.111 Theimage of the point P (1, 3, 4) inthe plane
2x-y+z+3=0is
(M) (3,5,-2) (B)(-3.5.2)
©@B-52) (D)(3,5.2)

Q.112 Thevolume of thetetrahedron included between the plane
3x + 4y -5z — 60 = 0 and the coordinate planes is

(A)60 (B)600
©720 (D) none of these.
113 Two i x-1_y+1 z-1 x-3=y-k=Z
Q. wo lines 5 3 2 an 1 5
intersect at a point if k is equal to —
(A)2/9 (B)12
(©92 (D) V6
i ) . Xx=1 y+1
Q.114 The coordinates of a point of the line S T3 z
at adistance 4./14 from the point (1, -1, 0) nearer the
originare
(A)(9,-13,4)
(B) (8v14+1, ~1214-1, 4/14)
(©)(-7,11,-4)

() (~814 +1, 1214 -1, - a4v14)

Q.115 If ,b,¢ arethree unit vectors equaly inclined to each
other at an angle o.. Then the angle between 3 and plane

of pand ¢ is—

COSaZj (B) 0 —sint ( COSOLZJ
cosa. / cosa. /

(C)e:cos—l[M) (D)ezs.n,l(s'qa/z]
Sna sna

(A) =cos [

e
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Q.116 Find the distance between the lines /; and /, given by
F=i+2j—4k+x (2 +3j+6k) and
=3 +3j—5K+p (2i +3j+6k) .

(A)@ (B) \/? (© \/3_3 (D) \/1?’

Q.117 Aline passes through the points (6, -7,-1) and (2, -3, 1).
The direction cosines of the line so directed that the
angle made by it with the positive direction of x-axis is

acute, are
N2 2 1. 221 2 21 221
()3' 3’ 3() 3’3’3()3’ 3'3()3'3'3

Q.118 Equation of the plane containing the lines
F=110)+t(L-12), F=(20,2)+s(-110) is-
(A)x+3y+z=4 (B)x+y-2=0
(C)5x—-3y-4z=2 (D) None of these

Q.119 Which one of thefollowing linesis parallel to theline
L:(x,y,2)=(1,0,-2)+t(-1,3,0),teR

Xx+1 z-3 y
—=——y=3 l-x===2z+2
(A) ==Y (B)1-x=5=2+

y y
l1-x==,z=5 X+1l==,2=2

© 3 (D) x+1=3

Q.1201If R:7h—d; =0, P, :T.A,—-d, =0 and
P;:T.n;—d3 =0 are three planes and i;,fi, and fig
are three non—coplanar vectors then, the three lines
(A) paralé lines (B) coplanar lines
(C) coincident lines (D) concurrent lines
Q.121 If P(x, Y, z) isapoint on the line segment joining
Q(2,3,4) and R (3, 5, 6) such that the projections of the

. 13 21 26
vector Op ontheaxesare —,—,—

5 g respectively. The P

divides QR in the ratio —
(A)2:3 (B)3:1
©1:3 (D)3:2
Q.122 If a, B, y aretheanglewhich adirected line makeswith
the positive directions of the coordinate axes, then
sin?a +sin?p+sin?y isequal to
(A)1 (B)2
©3 (D) None of these
Q.123 Number of unit vectors perpendicular to the line
T :iA—]+3I2+7L (f+4]+ 2I2) is—
(A)1 (B)2
©3 (D) infinitely many

Q.124 Find the equation of the plane with intercepts 2, 3and 4
on the x, y and z—axis respectively.
(A)Bx+2y+3z=12 (B)x+4y+3z=12
(C)bx+4y+3z=12 (D)2x+2y+3z=12

. Xx-4 y-2 z-k .
Q.125 If theline = = liesin the plane
1 1 2
2x — 4y +z =7, then the value of k is —
(A)4 (B)-7
o7 (D) Nored value

Q.126 The vector equation for the line passing through the
points (-1, 0, 2) and (3, 4, 6) is—

(A) =i + 2k + 1 (4 +4)+4K) (B) —i + 2K + A (4 — 4] + 4Kk)
(C) i-2k+n (4i—4j+4k) (D) i-2k+n (4i —4]-4k)

Q.127 The distance of the plane 2x — 3y + 4z — 6 = 0 from the
origin is —

6 1 3 2
A) 29 ® g © 29 © 59
Q.128 The angle between the two planes 3x — 6y + 2z =7 and

2X+2y—-2z=5.
[ 53) L (3)
(A) COS lLEJ (B) COS 1LZJ
L (243) L (243)
(C) Cos 1KEJ (D) CoS 1KEJ

Q.129 Find the distance of a point (2, 5, — 3) from the plane
7.(6i — 3+ 2k) = 4

(A7 (B) 1377
©27 (D) 15/7
Q.130 Thecoordinates of thefoot of the perpendicular fromthe
. heli X y-1 z-2
point (2, 6, 3) totheline 5T, T3 is—
(A)(2,3,5) (B) (-2.-1,-1)
(©(0,-3,2) (D) (-2,-3,-1)

Q.131 Theline of intersection of planes f_(f+ 2]+3|2) =0 and

T.(38i+3j+3k)=0 is—

(A) equally inclined with all thethree axis

(B) equally inclined with x-axis and z-axis only

(C) equally inclined with x-axis and y-axisonly

(D) equally inclined with y-axis and z-axisonly
Q.132If 6 isthe angle between the linesin which the planes

3x—7y-5z=1and 5x-13y + 3z +2 =0 cuts the plane

8x—11y + 2z =0, find siné.

(A)1/2

(© 12

(B)1
(D) None of these

B
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Q.1 Ifthemoduli of thevectors 3, b, ¢ are3, 4, 5respectively (A) al valuesof m (Bym<-2orm>-1/2
- — I - .= 1
zinda andb +¢C ,b .andc +a,Ct ada +b, C)m==1/2 (D)me[—Z,——}
b are mutually perpendicular, then the modulus of . ] 2
a +b +¢C is Q9 The d|AstanEe be:tween EheAImeA
F=(2—2j+3k)+A (i —j+4k) and the plane
() V12 @ (@2 dg k(oo edtep
T.(i+5j+k)=5Is-
Q.2 Leta=2i-j+kb=i+2j—kandc=i+j+ 2kbe three (A) ﬁ (B) 3 (C) 10/9 (D) None of these
vectors. A vector in the plane of b and c whose projection L
onais /273 will be Q.10 If 3, b & ¢ arethreenon-coplanar non-zero vectors, then
(A)2i+3j- (B)2i+3j +k (2a) (b x )+ (ab) (€xa) + (ac) (axb) isequal to -
(C)-2i-j+5k (D) 2i +j +5k L -
Q.3  For any two vectorsaand b, (a x b)2 equals (A) [bcala (B) [Cab] b
(A) &2b? - (a.b)? (B) @+ b2 .
Q4 Let, a=3ai+8yj+3gK, D=Dbyi+D0,j+bk & Q.11 Let a& b beunit vectorsinclined at an angle o to each
€= +Cpj+ gk be three non-zero vectors such that other, then |a+ b| <1 if-
¢ isaunit vector perpendicular to both a& b. If the ) a:g ®) a<_ © a>— o= <a<2?ﬂ
a a agl’ Q.12 The position vector of coplanar pomts A, B, C,D are
= - T - A
angle between a& b is E,then :1 22 22 = a,b, ¢ and d respectively, in such away that
2
(A)O (B)1 (a-d).(b—¢) = (b-d).(c-a) =0, thenthepoint D of
. . thetriangleABCis
1 .22 3 .2 1kR .
© 7 lal”[b] © |al” |b] (A) Incentre (B) Circumcentre
} (C) Orthocentre (D) None of these
Q.5 The components of avector 3 along and perpendicular -
~ Q.13 3 bé& ¢ arethree non-zero, non-coplanar vectors and
to anon-zero vector p are —
(e (e p,q,T are three other vectors such that
ab ). abl. (ab). (&b ).
A E}—b&é—%—bbB a‘—bb&a?H—a‘—bb bxc cxa axb
( )L b[? Z) L|b|2J ( )Maﬁ MaFJ = = = Th =
a.bxc’ a.bxc’ a.bxc- en[p g r]=
( aB\ (ab) ) 1
©) Llél LI BIZJ (D) None of these (A) abx e B 1prc
Q6 Givena=i+j-k, b=—i+]+k and G=—i+2j-k ©0 (D) None of these
_ _ - Q.14 Choose apointQontheplane2x-2y+z=1.1f N isa
A unit vector perpendicular to both (a+b) & (b+7) is vector normal to this plane then the value of t for which
(A} (B) k the point with position vector (OQ+tN) lies on the
) (iA+]+I2) plane 2x -2y +z =3, is (O is origin)
© ] (D) N (A) U3 (B)2/3
©1 (D) 2/9
Q7 ix(Xxi)+]x(Xx])+kx(XxKk) isequal to— Q.15 Let V=2i+j-k and W=i+3k . If U isaunit
(A) o (B) % vector, then the maximum value of thescal ar triple product
© 2% (D)0 [UV W] is
Q.8 The vectors (2i —mj+3mk) & {(L+m)i-2mj+k} (A)-1 ®) 10+ 6
include an acute angle for —
(©) \/59 (D) v/60
[ 211
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Q.16 A non-zerovectora isparallel tothelineof intersection

of the plane determined by the vectors f, f+] and the

plane determined by the vectors i— ] i+k. The angle

between a and the vector i —2j+ 2k is Q.23
T 3n 2 3n

(A) ZOI‘ 2 (B) 7 or 2

oo D) Noneof th

( )2 or > (D) None of these Q.24

Q.17 The perimeter of the triangle whose vertices have the

position vectors (i + j+K), (5i +3j-3k) and
(2i +5j+9k), isgivenby

(A) 15++/157 (B) 15157
(©) V15-+/157 (D) 15 + 157 Q.25

Q.18 The direction cosines of the resultant of the vectors

(iA+]+IA<), (—iA+]+I2), (iA—]+I2), and (iA+]—IA<) ae

w5 %%

[L 1 i]
SRANCENCN

[_i 1 _i] (i 1 1]
QU 6 O\E 5
The point of intersection of the lines

X+1 y+3 z+5 X-2 y-4 7-6
3 5 7 ™M1 73 s

w3es  el53d

oit) (i1

The equation of the plane passing through the points
(0,1, 2)and (-1, 0, 3) and perpendicular to the plane
2x+3y+z=5is

(A) 3x—-4y+18z+32=0
(B)3x+4y-182+32=0
(C) 4x+3y-17z+31=0
(D) 4x-3y+z+1=0
Q.21 Theequation of line of intersection of the planes
Ax+4y -5z =12, 8x+12y—-13z =32 canbewrittenas

S

Q.19

is Q.26

Q.27
Q.20

Q.28

Q.29
5_y—1_z—2 i_x_z—Z
(A)z_ 3 4 (8)2_3_ 4
x-1_ y-2_z x-1_ y-2_z
(C)2_3_4 (D)z_—3_4

Q.22 A plane isat unit distancefromorigin. It cut co-ordinates
axesat P, Q, Rrespectively. If thelocus of centroid of the

STUDY MATERIAL : MATHEMATICS
. i+i+i— k
APQRis %2 yz 72 ,thenk =
(A)3 B)9
©2 D)1

The eguation of the plane in which the lines
X-5 y-7 z+3 Xx-8 y-4 z-5
4 4 5 T T T3
(A)17x—-47y—-24z+172=0(B) 17x+47y-24z+172=0
(C)17x+47y+24z+172=0(D) 17x-47y+24z+172=0
The volume of the tetrahedron whose vertices are with

lig,is

position vectors i —6j+10k , —i —3j+ 7K, 5i — ]+ AK
and 7i — 4j+ 7k is11 cubic unit. If A equals —

(A)-3 (B)3
©7 (D)-1

If ¢= clf + 02] + c3|2 is perpendicular to both
a= al’i\+a2]+a.3|2 and 6 = bl’i\+ b2]+ bglz
(where 3,b and € are unit vectors) and

2

a bl XS+X+3
a by ¢ =1y x e Rthentheangle
ag by c3

between a& b is -

(A) /3 (B) /6

Q) ni2 (D) 4

If 38+ 4b+5¢=0 then (axb)x[(bx ) x (Exa)]=

(A) A vector perpendicular to plane of 3, b, ¢

(B) zero

©12

(D) None of these

The volume of the tetrahedron formed by the coterminous

edges 3, b, ¢ is3. Thenthevolumeof the parallel epiped

formed by the coterminous edges a+ b, b+ ¢, ¢+ 3 is —

(A)6 (B)18
()36 (D)9

The set of values of m for which the vectors i + j+ mk ,

i+j+(m+Dk and i —j+mk are non-coplanar is -

(Ao (B)R-{1}
CO)R-{2} DR
If 3,b,C are coplanar vectorsand if
a b ¢
A=|aa ab at
- then

ac bt cc

(A)A=0 (B)A=1

(C) A=anynonzerovalue (D) None

=
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Q.30 If shortest distance between lines i—E:Lyzo and ") a ®) b
ac (BN (D) None of these
%+%=lx =0 is 2, then perpendicular distance of Q-39 The vector —i+ ]k bisects the angle between the
vector ¢ & 3T+4] . Determinethe unit vector along ¢ .
X z
origin from the plane E+%+E:1 is— 1 . 1
—— (117 +10j + 2k —— (117 +10j + 2k
(A) U4 (B)12 (M) 15 J£29 () ~5 (11 +10+2K)
©34 D)1 1 1
Q.31 If 3 Db, ¢ arecoplanar unit vectorsthen the scalar triple © _E(gi +8]+2K) (D) _E(lli +10j +Kk)
product [25_5 2bH_¢ 26— 3] Q.40 The position vectors of two points A and C are
(A)2 (B)0 9i — j+7k and 71 — 2] + 7k respectively. The point of
©)9 (D)4 intersection of vectors Ag_a4i_7ii3k and
Q.32 Image point of (5, 4, 6) inthe planex +y+2z-15=0is AB=4i -] +3K
Eé))((gzzs)) Eg))((zsz . (;_E):zT_]+2R isP. If vector pgy isperpendicular to
Q.33 The equation of the plane which bisects the angle A?B and &)D and PQ = 15 units, find the position vector

Q.34

Q.35

Q.36

Q.37

Q.38

between the planes 3x -6y + 2z +5=0and

4x —12y + 3z — 3 = 0 which contains the origin is
(A)33x—13y+32z+45=0 (B)x-3y+z-5=0
(C)33x+13y+322+45=0 (D) None of these

If alinemakesanglesa, B, v, d with thefour diagonal s of
a cube, then the value of

cos? o + cos? B+ cos? Y+ cos? § =

(A) 1 (B)4/3
(C) Vaiable (D) None of these

The distance of the point (-1, -5, —10) from the point of

intersection of the line ~=2=Y*1_2"2 i
intersection of the line 3 "1 T and the
planex-y+z=5,is

(A) 10 (B)11

012 (D)13

The equation of the plane through the point (2, -1, -3)
d parallel tothelines *— 1= Y2 _ Z 4

and par oe|n$3—2—_4an

X y-1 z-2

2~ 3 2 °®

(A)8x+14y+13z+37=0
(C)8x+14y—-13z+37=0

Xx-1 y+1 z-1

(B)8x—-14y+13z+37=0
(D)8x+14y+132-37=0

X-3 y-k z

If the lines > 3 2 an 1 > "5
intersect, then the value of k is

(A)3/2 (B)92

(C)-2/9 (D)-3/2

If band@ are any two non-collinear orthogonal unit

vectorsand 3 isany vector, then
B ’
"¢

!
ol

(ab) b+ (ac) ¢+ b e=

o x}

2
|

Q.41

Q.42

Q.43

of Q.

(A) 2(i +3] - 3K) (B) (i -3j-3Kk)
(D) 3(i —3j-3K)

Let A,B,C bevectorsof length 3, 4, 5 respectively. Let

(C) 5(2i —3j+3k)

A beperpendicularto B+ C, B to C+A and Cto A +B.
Then the length of vector A +B+C is

(A) N2 (B)3+2

(©)5v2 (D)5/+/2

If A, B, C are non-coplanar, then the value of
(A+I§+C).{(A+B)X(A+é)} will be-

(A)O (B)[A B C]
(©) 2[A B C] (D) -[A B C]

If A = (1,1,1), C =(0, 1, -1) are given vectors, then a
vector B satisfying the equations

AxB=Cand AB=3is-

5- 2~ 2
—i+=j+=k
(A) 3 J 3

) L7+ 25+ 2k
3 ( )3 ]

3° 3

5. 2. 2.
e ey
© 3 ]

. 5. 2. 2.
D) B==i+=j+=k
3" 3 3 73173

wyrw
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Q.44 Findtheareaof thetrianglewithvertices(1, 1, 2), (2, 3,5) a+b a+b
and (1,5,5). (A) £ — (B) * 5 cos0
a+b

Q.45

Q.46

Q.47

Q.48

(A) %\/67 sq. units (B) %\/57 0. units

© %\/TS 9. units (D) %\/ﬁ Q. units

and €= c,i +C,] +C3k be three non-zero vectors such

that ¢ isaunit vector perpendicular to both the vectors

dand b. If the angle between @ and b is 7/6, then
& & 83 ?
by by bz| jsequal to-
G C C3

(A)O

(B)l

© ~ (a12 +a,2 +ag?) (b,% + b2 + bs?)

(D) % (a12 + a22 + 6\32) (b12 + b22 + b32) (012 + C22 + C32)

In atriangle ABC, D and E are points on BC and AC
respectively suchthat BD =2DCand AE =3EC. Let Pbe

BP
the point of intersection of AC and BE. Find PE by

using vector methods.

C(0)

A@ B(b)
(A)1:3 (B)2:3
(©)8:3 (D)4:1

OA, OB, OC arethe sides of arectangular parallel opiped
whosediagonalsare OO, AA', BB'and CC.. D isthecentre
of the rectangle AC'O'B' and D' is the centre of the
rectangle OA'CB'. If thesidesOA, OB, OC areintheratio
1:2:3,theangle DOD’ is equal to-

1
(B) cos™ 619

24
1 ——
(A) cos \/@

" 24 I 22
N T (O s Jea1
Let 3& b are two vectors making angle 6 with each

other, then unit vectorsalong bisector of 2 & b is:

©) % 5c0s0/2
0.49

(D) (a+b)/|a+ D]

If the non zero vectors a & b are perpendicular to each

other then the solution of the equation, T x a=Db is:

o 1 . - -1 -
(A) r=xa+ﬁ(ax b) (B) r=xb—ﬁ(ax b)

(C) T=X (é X B) (D) none of these

Consider the following statements :
(@ Letf:R— Rbegivenby

Q.50

f(X) = (x—ay) (X—ay) +(X—ay) (Xx—ag) + (X—a3) (Xx—a,)
withay, &, a; being real numbers. Thenf (x) > 0 for

al real numbersxif and only if & = &, = as.
(b) €*>x+1holdsfor al non-zero real numbers

(¢) Thenumber of cubic polynomiasf (x) with positive

integral coefficientssuchthat f (1) = 9is56.
(d) If & b,¢, d aredistinct vectorsrelations ax

and ax¢=bxd, then ab+¢d=ac=bd
Correct statements are —
(A) abcd (B) abc
(C) bed (D) cd
Q.51 Which of the following statement (s) hold good —
(A) If ab=at=b=¢ (a=0)
B) If axb=axe¢=b==¢ (a=0)
©) If ab=atandaxb=axc=b=¢ (a=0)
(D) If vy,V,,V5 arenon-coplanar vectors and
- Vo xV N
K, —_v2*V3
L V1.(V3 x V3) k2

V1 (V2 x V3)

- V, XV R, 1
Ka=—2""2  then k. (K, x Kq) =
3 V,.(V, +V3) 1-(kz xk3)

Q.52

The coordinates of the point where the line through the

points A(3, 4, 1) and B(5, 1, 6) crosses the XY—plane is

® (320
o (529

w(329)

o229

Q.53 Which of thefollowing are equationsfor the plane pass-
ing through the pointsP (1,1,-1),Q(3,0,2) & R(-2,1,0)

(A) (2 =3j+3K) - [(X+2) i +(y-1)j+2zK] =0
(B)x=3-t,y=-11t,z=2-3t
O (x+2)+11(y-1)=3z

(D) (2iA—]+3lA<)>< (—3iA+ I2).[(x+2) f+(y—1)]+zl2] =

=
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Q.54 Findthedistancefromtheline x=2+t, y=1+t,

Q.55

Q.56

1 1
5" Et totheplanex + 2y + 6z = 10.

9 3 7 11

A ® @@ O

In a 3D rectangular coordinate system with origin ‘O’,
pointA, B and C areonthex, y and z axesrespectively. If
theareaof thetrianglesOAB, OAC and OBC are4, 6 and
12 respectively then the area of the triangle ABC equals
(A)14 (B)16

©18 (D)22

L, and L, are two lines whose vector equations are :

Ly:F =A[(cos0++/3) i+ (~/2sin0) j+ (cosO—~/3) k],

L,:T= w(ai + bj+ck) , where and p are scalarsand o

isthe acute angle between L, and L. If theanglea.isthe
independent of 6 then the value of a is —

(A) /6 (B)w/4

©)n/3 (D)n/2

Directions: Assertion-Reason type questions.

Q.57

Q.58

Q.59

(A) Statement-1isTrue, Statement-2 istrue, Statement-2
isacorrect explanation for Statement -1

(B) Statement-1is True, Statement -2 istrue; statement-2
isNOT acorrect explanation for Statement - 1

(C) Statement - 1is True, Statement- 2isFalse

(D) Statement -1 isFalse, Statement -2is True

L et the equation of plane

F=i+j+n(i+]j+K)+n(i-2j+3k) andline

V= 2iA—]+3lA<+t (f+]+ IA<)

Statement-1: Lineliesinthe plane.

Statement -2 : System of linear equationsis, pand t
has infinite solution.

Statement 1:Let 3 b,c¢&d arepositionvectorsof
four pointsA, B, Cand D 3a—2b+5¢—6d=0 then

pointsA, B, C and D are coplanar.
Satement 2: Threenon-zero, linearly dependent

co-initial vectors (PQ, PR & PS) arecoplanar.
If & b,¢& d areposition vector of four

distinct coplanar pointsthen xa+ yb+ zé+wd = 0 such

that at least oneof X, y, z, wisnon-zero & x+y +z+w=0
Satement 2 : The position vectors of the pointsA, B, C

and D are 3 — 2j—k, 2i +3j— 4k, —i + j+ 2k and
4i +5)+ )k , respectively. If thepointsA, B, Cand D lie
inaplane, then isO.

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Statement 1: If 2& b areunit vectorsand 0 istheangle

between them, then sin%: |a;b| .

Satement 2 : The number of vectors of unit length

perpendicular tothevectors a=i+] & b= j+k istwo.

-1 y-2 z+

1.
3 T T liesintheplane

X
Satement 1: Line

11x-3z-14=0.

Satement 2: A straight lineliesinaplaneif thelineis
paralel to the plane and a point of the line lies in the
plane.

Statement 1: If = xi +yj + zk , then equation
Fx(2i—]+3Kk) =3i +k represents astraight line.

Statement 2: If T = xi +yj + zk , then equation

Fx (i +2j—3K) =21 — ] represent astraight line.
Statement 1:Let A(8), B(b) and C(C) bethreepoints
suchthat a=2i +j+k,b=3i—j+3k and
€=-i+7j-5k then OABCisatetrahedron.
Statement 2: Let A(@), B(b) and C(€) bethreepoints
suchthat 3, b and ¢ are non-coplanar then OABC s
atetrahedron, where O isthe origin.

Satement 1:Let & b,c&d arepostionvectorsof
four pointsA, B, Cand D 3a—2b+5¢—6d=0 then

pointsA, B, C and D are coplanar.
Satement 2: Threenon-zero, linearly dependent

co-initial vectors (PQ, PR & PS) arecoplanar.
Satement 1: Let 6 betheangle betweentheline
X-2 y-1 z+2

andthe planex +y—-z=5.

2 3 -2
41
Then@=sin t—
J51

Satement 2: Anglebetween astraight lineand aplane
isthe complement of angle between the line and normal
to the plane.

Satement 1: Apointonthe straight line 2x+3y—-4z=5
and 3x—2y + 4z =7 can be determined by taking x =k and
then solving the two equations for y and z, where k is
any real number.

Satement 2: If ¢'#kc, thenthestraight line

ax +by+cz+d=0, kax + kby + ¢z + d' =0, does not
intersect the planez = o, where o isany real number.

e
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Passage (Q.67-Q.69) Q.75 The areas of the orthogonal projections of the

Q.67

Q.68

Q.69

Let 3= 2i +3j—6k, b=2i —3j+6k and
é=—2iA+3]+6|2— Let 8 beprojectionof 3 onp and
a, betheprojectionof & on ¢, then -

ap =
943 ~ _» ~ A3 -~ - L
(A) E(2| —3j-6k) (B) 4—92(21 —3j—6k)

943 ~ ~ ~ 943 - o o~
T2 (_2i + 37+ 6k —(-2i + 3j+ 6k
(C) g (72 +31+6K) (D) 492( j + 6K)

élB =

(A)-41 (B)-41/7
©4 (D) 287
Which of the following is true —

(A) a and &, arecollinear
(B) & and ¢ arecollinear
(C)a,a and p arecoplanar
(D) &8 and &, coplanar

Passage (Q.70-Q.72)

Q.70

Q.71

Q.72

Let P denotes the plane consisting of al points that are
equidistant from the points A (- 4, 2, 1) and B (2, -4, 3)
and Q be the plane, x—y + cz=1wherec e R.
TheplanePisparallel to plane Q

(A) for novalueof ¢ (B)ifc=3

(©)ifc=13 (D)ifc=1

If the angle between the the planes P and Q is 45° then
the product of all possible value of c is —

(A)-17 (B)-2
©17 (D) 24/17
x-1 _y+ 2 _Z= 7

If the line L with equation 1 3 1

intersects the plane P at the point R (X, Yo, Zo) then the
sum (Xg + Y + Zg) has the value equal to —

(A) 12 (B)-15

©13 (D)-11

Passage (Q.73-Q.75)

Q.73

Q.74

Vertices of a parallelogram taken in order are A (2, -1, 4),
B(1,0,-1),C(1,2,3)and D.
The distance between the parallel lines AB and CD is —

(A) J6 (B) 3J6/5

(C) 22 (D)3
Distance of the point P (8, 2, —12) from the plane of the
parallelogram is —

46 32\/6
(A) Tf B g
© % (D) None of these

parallelogram on the three coordinates planes xy, yz and

ZX respectively.
(A)14,4,2 (B)2,4,14
(C)4,2,14 (D)2,14,4

Passage (Q.76-Q.78)

Q.76

Q.77

Q.78

A planeIT isdetermined by three pointsA (0, 0, 1),
B (2,0,0)and C (0, 3, 0) and aline L whosevector equation

— 81‘ ~ " " C . .
isT =§I +k+2X (21 -2j+K) . Theline L intersects the

planeIl at P.

Distance of the point P from the origin is —
3J10 2410

() =~ ®) =~

(© V10 (D) 210

A unit vector along the line of intersection of the planeTl
and the plane 2x +y—-2z=5,is—

10i —18]+ k 10i +18] + k
517 517
10 18] -k NECESLETY
© 515 (D) = 515

Acute angle between the plane IT and the given L, is
(A) sin1(8/21) (B) cos1(8/21)
(C) tan™1 (8/19) (D) None of these

Passage (Q.79-Q.81)

Q.79

Q.80

Q.81

Consider the lines represented paramatrically as:
Litx=1-2t; y=t;z=-1+t;

Ly:x=4+s; y=5+4s;z2=-2-s.

Find:

Acute angle between thelines L, and L, is —

(A) cost (1_18) (B) cos* [%}
© cos [%} (D) cos™* [%}

Equation of aplane P containing theline L, and parallel
tothelinel,, is—

(A)5x+y+9z2-7=0 (B)2x-3y+4z-15=0
(C)5x-y+9z2+3=0 (D)9x-5y-z-13=0
Distance between the plane P and the lineline L ; is —

17 3
s ©

11 1
© Wrod (D) Wirerd

=
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NOTE : Theanswer toeach questionisaNUM ERICAL VAL UE.

Q.82

Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Q.90

Given A =2 +3j+6k,B=i+j-2kand C=i+2j+k.
Compute the value of | A x (A x (A xB).C|.

If a+2b+3¢=0 then axb+bx¢+¢xa isequa to
x (bx ©) thenfind the value of x.

If &=i+j,0'=i—j+2k and & =2i+j—k. Then

altitude of the parallelepiped formed by the vectors 3, b, &

. 1
having baseformedby b & ¢ is ﬁ then find the value
of .
(ab,c and &, b, ¢ arereciprocal systemsof vectors)
If U and v aretwo unit vectorssuchthat Gix v+t =w
and W x U = v thenvalueof [UV W] is—
Let A=-2j+3, B=2i+]k, C=j+k.Ifthevec
tor B x C can be expressed as alinear combination

Bx C=xA +yB+ zC wherex, y, zarescalars, thenfind
thevalue of (100x + 10y + 82).

If & b are vectors in space given by a= NG and
N en the value o

(2a+b).[(Ax b) x (A—2b)] is

Let a=—i—k,b=—i+] and ¢=i+2j+3k be three

given vectors. If T isa vector such that T xb=¢xb
and Fa=0, thenthevaueof Fb is

If 3 band & are unit vector satisfying

|a-bf +|b-cP +|c-af =9 then |2a+5b+5¢| is
Let PR=3i+]—2k and SQ=i-3j—4k determine
diagonalsof aparallelogram PQRSand PT = i + 2]+ 3k
be another vector. Then the volume of the parall el epiped
determined by the vectors PT, PQ and PS is —

Q.91

Q.92

Q.93

Q.94

Q.95

Q.96

Q.97

Q.98

Q.99

Let 3 band & be three non-coplanar unit vectors such
that the angle between every pair of themisn/3. If

axb+bx¢=pa+qgb+re, wherep, qandr arescalars,

2 2,2
2
then the value of % is—
q
LetAg, Ay, ... A, (n > 2) be the vertices of aregular

polygon of n sideswith its centre at the origin. Let &, a
be the position vector of the pointA,, k=1,2, ..., n. If

n-1,. _ n-1,. _
‘ Zk:]_(ak X ak+l) ‘ :‘ Zkzl(ak : ak+1)
then the minimumvalue of nis
The reflection of the point P (1, 0, 0) in the line

x-1 y+1 z+10
2 -3 8

value of A.

If plane 2x + 3y + 6z + k = 0 istangent to the sphere

x2+y2+ 72+ 2x - 2y + 2z - 6 = 0, then find a positive

value of k/13.

The equation of the line passing through the point

(1, 4, 3) which is perpendicular to both of the lines

is(A,—-8,-4) then find the

X-1 y+3 z-2 X+2 y-4 z+1
2 1 a4 M T3 T T2

X-A y-4 z-3
-10 16 1
In the above question, if one of the point (x4, y4, Z;) lies
on the line such that the square of whose distance from

(1,4,3)is357. Findthevalueof (x; +y; +2,).

In the above question, if another point (x,, y,, Z,) lieson
the line such that the square of whose distance from
(1,4,3)is357. Findthevalueof (x,+y,+2,).

x-4 y-2 z-k
1 1 2

is

. Find the value of A.

Thevalue of k such that liesinthe

plane2x—4y+z=7,is

A variable plane at adistance of one unit fromthe origin

cuts the coordinates axes at A, B and C. If the centroid
D(x, y, z) of triangle ABC satisfies the relation
1 1

—+—2+

x2 y? z

1
- =k, thevalueof k is

Q.100 If the distance between the plane Ax — 2y + z = d and the

-1 y-2 z-3
2 3 4

. , X
plane containing the lines and

X-2 y-3 z-

4 o
3 2 z is \6,then|d]is:

B
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EXERCISE - 3[PREVIOUSYEARSJEE MAIN QUESTIONS]
Q.1 If ab,¢ arethreenon zerovectorsout of which two are Q.10 Atetrahedron hasverticesat O(0, 0, 0),A(1, 2, 1),

not collinear. If @ +2b and ¢; b +3¢ and @ are
[AIEEE 2007]
(B) Pardld to &

D)0

collinearthen & +2p +6¢ is—
(A) Pardlel to ¢
(C) Paralel to b

Q.11

B (2,1, 3) and C(-1, 1, 2). Then the angle between the

facesOAB and ABC will be- [AIEEE 2003]
(A) 90° (B) cos1(19/35)
(C) cos1(17/31) (D)30°

Two systems of rectangular axes have the same origin. If
aplane makesinterceptsa, b, cand &, b/, ¢’ on the two
systems of axes respectively, then [AIEEE-2003]

Q2 If[abc]=4then[axb bx¢ ¢xa]=[AIEEE2002] (A)@+b2+2=a2+ b2+ 2
(A)4 (B)2
©8 (D)16 O L
o L a b c a b ¢
Q3 If e=2r(axb)+3u(bxa);
axb=0,¢.(axb)=0 then [AIEEE-2002] (c)l+1+1 t, .1
o = " - 22t s 2t et 2
(A);n=3},l (B)27\'=3H a b C a b Cc
) A+u=0 (D) None of these 1 1 1
i ot il T_ £t ad Ll O =2 2%+ 2 2t 2 2=0
Q4 |If a=2i+j+2k, b=5i- 3] +k, then orthogonal a‘—-a’ b —b’ cc-c
Component of aon bis- [AIEEE-2002] Q.12 Let U=i+j,v=1-] andW={+2j+3k.If Nisa
A oA . 9(5i —3j+k) unit vector suchthat U. A=0and v. A =0,then|w . A|
(A)3i -3]+k B ——% — is equal to- [AIEEE 2003]
e A (A)3 (B)0
5 —3j+k P 01 D)2
C=ad @951 3j+k) © 2
35 Q.13 A particle acted on by constant forces4i+ j —3k and
Q.5 A unit vector perpendicular to the plane of . .
P I S 3i+]j -k isdisplaced fromthepoint i +2j+3Kk toth
a=2-6]-3k,b=4i+3j-kis  [AIEEE-2002] 1k isdisplacedirominepomt 2w sicfothe
£idik A A A point 5i + 4 j+ k. Thetotal work done by theforcesis-
() 21X g) 2 =81=3K (A) 50 units (B) 20 units [AlEEE 2003]
J26 7 (C) 30 units (D) 40 units
© 3 - 2j+ 6k ©0) 2i - 3j-6k Q.14 The vectorsAB=3i+ 4k & AC=5{ -2+ 4k are the
7 7 sidesof atriangle ABC. Thelength of the median through
Ais [AIEEE 2003]
ftheli x-1 y-2 z-3 _ x-1 y-5 z-6
Q6 Ifthelines —-==="~=— x 1 5 (A) /288 (B) V18
are perpendicular to each other thenk = [AIEEE 2002] ©) V72 (D) /33
(A)S/7 (B)7/5 15 3¢ ae3vect hthat a+b+c=g |a|=1
(©)-7/10 (D) 1077 Q. a,b,¢ are3vectors, suc b+t=0 |a|=1,
|Ib|=2,]¢|=3,then(a.b+b. ¢+ ¢ . a)isequal to-
Q.7  Theangle between the lines, whose direction ratios are [AIEEE 2003]
1,1,2and \/3-1,- \/3-1,4,is- [AIEEE 2002] (A)1 (B)O
(A)45° (B)30° ©-7r o7
(C) 60° (D) 90° Q.16 Consider pointsA, B, C and D with position vectors
Q.8  The acute angle between the planes 2x -y +z =6 and 7i-4j+7k,1-6]+10k,-i -3]+4k and 5] -] +5k
?A;égozz =3is B [AIEEE2002] respectively. Then ABCD isa [AIEEE 2003]
o o (A) parallelogram but not arhombus
(C)60 (D)75 (B) sqare
_ X-2 y-3 z-4 x-1 y-4 z-5 (C) rhombus
Q9 Thelines — = =" == - &7 = ="5" =7 (D) None of these
are coplanar if - [AIEEE 2003]
(A)k=3o0r-3 (B)k=0or-1
(Ck=1or-1 (D)k=0o0r-3
[ 218
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Q.17 If U,v and W are three non- coplanar vectors, then E’é)) 35//2 ((5)) _j// 2
(U+y -w). (U -y)>(0-w)equas [AIEEE2003] 56 The angle between the lines 2x = 3y = — z and
(A)30. Vxw (B)0 6x=—y=—4zis- [AIEEE-2005]
~ _ . (A)0° (B) 0°
: v
© Li VX w (D) 0. w x (©)45° (D) 3P
Q.18 If &Db,C arenon- coplanar vectorsand A isareal number, Q.27 The distance between the line

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

thenthe vectors 2+ 2b + 3¢, A b+4¢ and
(21 -1) ¢ arenon- coplanar for [AIEEE 2004]
(A) al valuesof A

(B) all except onevalueof A

(C) all except two valuesof A

(D) novalueof A

Let U,V,w besuchthat |U|=1,|V|=2,|W |=3.If the
projection of V along U isequal to that of W along U,

V and W are perpendicular to each other then

|G-V + W |equals- [AIEEE 2004]
(A)2 (B) V7
© 14 (D) 14

Let 3 b and ¢ be non- zero vectors such that

- 1 -
(axb)xc = 3 |bJ|c|a If 6istheacuteangle between

the vectors pand ¢, thensin 6 equals- [AIEEE 2004]
(A) 13 (B) J2/3

©23 (D) 24213

A line makes the same angle 6, with each of the x and z
axis. If theangle B, which it makes with y- axis, is such
that sin? B = 3 sin? , then cos? 6 equals-[AIEEE 2004]
(A)2/3 (B)1/5

(©) 35 (D)2/5

Distance between two parallel planes2x +y + 2z=8and

4x+2y+4z+5=0is [AIEEE 2004]
(A)3/2 (B)5/2
©) 712 (D) 912

A linewithdirection cosines proportional to 2, 1, 2 meets
each of thelinesx =y+a=zandx + a=2y =2z. The
coordinates of each of the points of intersection aregiven
by- [AIEEE 2004]

(A)(3a 32 3a), (a8 d) (B) (3a,2a,3a), (3, a @)

(©) (3,23, 39), (a a 29) (D) (28,33, 39), (28,2 &)

If the straight linesx =1+s,y=-3-As,z=1+Asand

X=t2,y=1+1t, z=2-t, with parameters s and t
respectively are coplanar then A equals- [AIEEE 2004]
(A)-2 (B)-1

(C)-1/2 (D)0

+1 y-1 z-2
1 2 2

X
If the angle 6 between the line

and the plane 2x -y +./), z+4=0issuch that
sin 6 = 1/3 thevalue of A is — [AIEEE-2005]

Q.28

Q.29

Q.30

Q.31

Q.32

r:2iA—2] +3k +}L(iA—]+4IA<)andthepIane

i (i+5j+k)=5is- [AIEEE-2005]
10

(A) 10/9 ® 375

(€310 (D) 10/3

For any vector &, |<’?1><iA|2+|é>< i|2+|éx I2|2isequal to

(A)]ap (B)2|aR [AIEEE-2005]

(©)3ap (D) None of these

If Cisthemid point of AB and Pisany point outside AB,
then - [AIEEE-2005]

(A) PA+ PB =2PC

(B) PA+PB = PC

(C) PA+PB+2PC=0

(D)PA + PB+PC= 0

If &, b,¢ arenon-coplanar vectorsand . isareal number
then [L(a+b) A%b AE] =[ab+ ¢b] for-

[AIEEE-2005]
(A) exactlyonevalueof A (B) novalueof A

(C) exactly threevaluesof A (D) exactly two valuesof A

If (AxDb)x¢=ax(bxc),where a, b,¢are any three

vectorssuchthat 2b#07] b0, then zand ¢ are-

[AIEEE 2006]
(A) inclined at an angle of /6 between them
(B) perpendicular
(C) pardld

(D) inclined at an angle of 7t/3 between them
ABC isatriangle, right angled at A. The resultant of the

forcesacting along K B, KC with magnitudes 1/AB and

VAC respectively istheforcealong aop , where D isthe
foot of the perpendicular fromA onto BC. The magnitude

of the resultant is [AIEEE 2006]
(AB) (AC) 1 1
) “ABrAcC ®) A8 "ac
1 AB? +AC?

ryre
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Q.33 Thevauesof a, for whichthe pointsA, B, C with position possiblevaluesof o & B ? [AIEEE 2008]
vectors 2 _ lz] 3 ohanda -3 4k A)a=1,p=2 B)a=2,=1
—lek el a—o+ Qa=1,p=1 (D)a=2,p=2
respectively are the vertices of a right-angled triangle
with C= /2 are - [AIEEE2006] Q.42 If the straight lines > =Y=2 = 2=3 g
(A) -2 and -1 (B)-2and 1 k 2 3
(C)2and-1 (D)2and 1

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Thetwolinesx =ay + b, z=cy + d; and
x=ay+b',z=c'y +dareperpendicular to each other if
[AIEEE-2006]

a C
B) = +— =-1
®) 4+

(A)aa +cc'=1 o

a c¢
(C)§+§_1 (D)ad+cc'=-1
The image of the point (-1, 3, 4) inthe plane x—2y=0s
[AIEEE 2006]
17 19
(A) (15,11,4) (B) (—31—5, 1)

© (8,4,9) (D) None of these
Let L bethelineof intersection of the planes 2x+ 3y+z=1
andx + 3y +2z=2.If L makesan angleo withthe positive

x-axis, then cos o, equals- [AIEEE 2007]
(A) U3 (B) 1/2
©1 (D) U~/2

If alinemakesan angle of /4 with the positive directions
of each of x-axis and y-axis, then the angle that the line
makes with the positive direction of the z-axisis-

(A) /6 (B)w/3 [AIEEE-2007]
© /4 (D) /2

If § and v are unit vectors and 6 is the acute angle

between them, then 2(j x 3v is a unit vector for —

(A) Exactly two values of 6 [AIEEE 2007]
(B) More than two values of 6

(C) Novalueof 6

(D) Exactly onevalue of 6

Leta=i+j+k] b=i—j+2k ad

€=xi +(x—-2)j—k . If the vector ¢ liesin the plane of

a& p,thenxequas- [AIEEE 2007]
(A)O (B)1
(O R! (D)-2

Thenon-zero vectors @ , b, ¢ arerelated by a= 8p and

¢ =-7b. Then the angle between @and ¢ is

(A) /4 (B)n2  [AIEEE2008]
(OF: (D)o

Thevector & =i + 2] + Blz lies in the plane of the
vectors b = i+] & ©= j+K & bisects the angle

between p & @ . Thenwhich one of thefollowi ng gives

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Xx-2 y-3 z-1

intersect at apoint, thentheinteger

3 k 2
kisequal to- [AIEEE-2008]
(A)5 (B)2
(€)-2 (D)-5

Theline passing through the points (5, 1, a) and (3, b, 1)

17 -13
crosses the yz-plane at the point | 0. 5 ) Then

[AIEEE-2008]
(A)a=4,b=6 (B)a=6,b=4
(C)a=8,b=2 (D)a=2,b=8

If U,v,w are non-coplanar vectors and p, q are real

numbers, then the equality

[3U pv pW]|—[pv W qu]-[2W qv qu] =0
holdsfor : [AIEEE 2009]
(A) exactly two values of (p,q)

(B) more than two but not all values of (p, )

(C) dll valuesof (p, Q)

(D) exactly onevalueof (p, q)

. X=2 y-1 z+2
Lettheline 3 - 5°- 2 lieintheplane
Xx+3y—oz+p=0.then(a, B) equals: [AIEEE-2009]
(A)(-6,7) (B) (5,-15)
(C)(-5,5) (D) (6,-17)
The projections of a vector on the three coordinate axis

are 6, —3, 2 respectively. The direction cosines of the

vector are: [AIEEE-2009]
N8 32 o & 3 2
()5’5'5 ()7'7'7
C_—(si32 D)6,-3,2
()7’717 ()1_1

Let é:]_f( and é:iA_]_lz.Thenvector p satisfy-

ing axb+c=0ad ap=3is- [AIEEE 2010]
(A) 2 —j+ 2k (B)i—j-2k
(©)i+j-2k (D) —i +j-2k

If the vectors = - j+2k,b=2i +4j+k and

€=Ai+j+pk aremutualy orthogonal, then (, p) =

(A (2,-3) (B)(-2,3) [AIEEE2010]
©)3.-2) (D)(=3.2)
Satement-1: Thepoint A(3, 1, 6) isthe mirror image of
the point B(1, 3, 4) inthe plane x—y + z=5.JAIEEE 2010]
Satement-2: The plane x — y + z = 5 bisects the line
segment joiningA(3, 1, 6) and B(1, 3, 4).

=
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Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

(A) Statement-1 istrue, Statement-2 istrue; Statement-2
is not the correct explanation for Statement-1.

(B) Statement-1 istrue, Statement-2 isfalse.

(C) Statement-1 isfalse, Statement-2istrue.

(D) Statement-1 istrue, Statement-2 istrue; Statement-2
isthe correct explanation for Statement-1.

A line AB in three-dimensional space makes angles 45°

and 120° with the positive x-axis and the positive y-axis

respectively. If AB makes an acute angle 6 with the posi-

tive z-axis, then 6 equals — [AIEEE 2010Q]
(A)45° (B) 60°
o7 (D) 30°
) y-1 z-3
If the angle between the line X = T and the

([5)
planex + 2y + 3z=4iscos} L\/%) , then ), equals —

(A) 23
(©) 25

(B)3/2
(D)5/3

[AIEEE 2011]

1 S = 1 =~ = r
If a=——(3i+k) and b==(2i +3j-6Kk) then the
@( ) - (21+3]-6k)
viaueof (2a-b).[(ax b) x[(a+ 2b)] is—[AIEEE 2011]
(A)-5 (B)-3

©5 (D)3

Satement-1: ThepointA (1, 0, 7) isthe mirror image of
y-1 z-2

: : X
thepoint B (1, 6, 3) intheline: 1 > 3

_ X -1 z-2 .
Satement-2 : Theline: —-=-———=——— bisectsthe
1 2 3
linesegment joiningA (1,0, 7) and B (1, 6, 3).
[AIEEE 2011]
(A) Statement-1 istrue, Statement-2 istrue; Statement-2
isacorrect explanation for Statement-1.
(B) Statement-1 istrue, Statement-2 istrue; Statement-2
isnot acorrect explanation for Statement-1.
(C) Statement-1 istrue, Statement-2 isfalse.
(D) Statement-1 isfalse, Statement-2 istrue.

Thevectors @ and b arenot perpendicular and ¢ and
d aretwovectorssatisfying: bx¢=bxd & ad=0 .

Then the vector d is equal to — [AIEEE 2011]

(A) B—{%} ¢ (B) E+(?} b
© B{%\ ¢ (D) é—[%} b

Let 4 and b be two unit vectors. If the vectors

t=a+2b and d=5a-4b are perpendicular to each

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

other, then the angle between a and b iSJAIEEE 2012]

(A) /6 (B)n/2

(©) /3 (D) /4

A equation of aplane parallel to the plane

X —2y+2z-5=0and at a unit distance from the origin is
[AIEEE 2012]

(B)x-2y+2z+1=0

(D)x-2y+2z+5=0

(A)x-2y+2z-3=0
(C)yx-2y+2z-1=0

 the x-1 y+1 z-1 x-3 y-k z
If the line =3 772 an 1 - 2 1
intersection, then k is equal to — [AIEEE 2012]
(A)-1 (B)2/9

©92 (D)0

Let ABCD beaparalelogramsuchthat AB =g, AD = p

and « BAD be an acute angle. If T is the vector that
coincides with the dtitude directed from the vertex B to

theside AD, then T isgivenby: [AIEEE 2012]
. .. 3(p9). . (pa).
WP Oy
R (pg ). e, 3(P9)
C - D)T=-
©r=q L(ﬁ”)Jp (D) r=-3q+ D) p

Distance between two parallel planes2x +y + 2z=8and
Ax+2y+4z+5=0is- [JEEMAIN 2013]

(A)3/2 (B)5/2
© 72 (D)9r2

. Xx-2 y-3 z-4 x-1 y-4 z-5
If thelines 1 -1 & K 2 1

are coplanar, then k can have — [JEEMAIN 2013
(A) any value (B) exactly onevalue
(C) exactly two values (D) exactly three values

If the vectors AB =3i + 4k and AC =5 - 2j+ 4k are
the sidesof atriangle ABC, then thelength of the median

through Ais — [JEEMAIN 2013
(A) V18 (B) V72
(C) 33 (D) v/45

If [axb bx¢ ¢xa]=A[a b ¢)?,thenrisequal to
[JEE MAIN 2014]

(A)2 (B)3
©0 D)1

. . x-1 y-3 z-4
Theimage of theline 3 - 1 s in the plane

2Xx-y+z+3=0istheline— [JEEMAIN 2014]

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

) 3 1 -5 ® -3 -1 5
c X-3 y+5 z-2 b X-3 y+5 z-2
OF =1~ O3 7375

e
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Q.64 The angle between the lines whose direction cosines

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

Q.72

satisfy the equations ¢ + m+n=0and 2= m2 + n?is —
[JEE MAIN 2014]

(A)n/3 (B) /4

(C)nl6 (D) nf2

Let 3, band ¢ be three non-zero vectors such that no

N A
two of themare collinear and (axb)xc:§|b||c|a_ If

6 is the angle between vectors b & ¢, then avalue of

sing is [JEEMAIN 2015]
—/2 2 -2/3 22
(A) 3 (B) 3 © 3 (D) 3

The distance of the point (1, 0, 2) from the point of
X-2 y+1 z-2

intersection of the line 3 2 B and the
planex-y+z=16,is— [JEEMAIN 2015]
(A)8 (B) 321
(€13 (D) 2\14

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 [JEEMAIN 2015]
(A)x+3y+6z2=-7 (B)x+3y+6z=7
(C)2x+6y+12z2=-13 (D) 2x+6y+12z=13

If theline, ~—=>= Y 2_Z¥4 i cintrepl

eline, 2 = 1 = 3 Iesintne plane,
Ix+my—z=9,then 2+ m?isequa to: [JEE M AIN 2016]
(A) 18 (B)5
©)2 (D) 26
Let 3 b, ¢ be three unit vectors such that
ax (bx?d) =§(B+(—3) .If b isnot paralle to €, then
the angle between aand b is - [JEE MAIN 2016]
(A) /2 (B)21/3
(C) 5n/6 (D) 34

The distance of the point (1, -5, 9) from the plane
X -V +z=5measured along the linex=y=zis:
[JEEMAIN 2016]

(A) 103 (B) 10/+/3
(C) 2013 (D) 310

Let a= 2f+]—2|2 and B=f+]. Let € be a vector
such that |€-a|=3,|(axb)x¢|=3 and the angle

between ¢ and ax b be30°. Then @-¢ isequal to:
(A)5 (B)1/8 [JEEMAIN 2017
(C)25/8 (D)2

If the image of the point P (1, -2, 3) in the plane,

2x + 3y—4z + 22 =0 measured parallel to the line,

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

X z
Y _ 250, thenPQisequal to: [JEEMAIN 2017]

1 4 5
(A) V42  (B) 65 (C) 3J5 (D) 2V42

The distance of the point (1, 3, —7) from the plane passing

through the point (1, -1, -1) , having normal perpendicular

x—1: y+2 _ z-4 an
-2 3

to both the lines d

X-2 1 z+7 .

[JEE MAIN 2017]

2 1
(A) 5//83 (B) 10//74
(C) 20//74 (D) 10/ /83

If L, istheline of intersection of the planes
2x—2y+3z-2=0,x-y+z+1=0andL,isthelineof
intersection of the planes x + 2y —-z-3 =0,
3x-y+2z-1=0, thenthe distance of the origin from the
plane, containingthelinesL; and L, is: [JEE MAIN 2018]

1 1 1 1

WLz ®F ©Oi5 0353

Let U beavector coplanar with the vectors

a=2i+3j—k and b=j+k .If U isperpendicular to

a and U-b =24, then |u? isequal to

(A) 256 (B)84 [JEEMAIN 2018]

(©)336 (D) 315

length of the projection of the line segment joining the

points (5, -1, 4) & (4,-1,3) onthe plane,x +y+z="7s:
[JEEMAIN 2018]

(A)1/3 (B) v2/3

©) 2/3 (D) 213

The plane through the intersection of the planes
x+y+z=1and2x +3y-z+4=0and parallel to y-axis
also passes through the point :[JEE MAIN 2019 (JAN)]

(A) (=3,0,-1) (B)(3,3,-1)
©@GB21) (D) (-3,1,1)
Let a=i—j,b=i+]+kand¢ be a vector such that

3xC+b=0 and a-¢=4 then |¢? isequa to
[JEEMAIN 2019 (JAN)]

(A) 1972 B)8

(©17/2 (D)9

The equation of the line passing through (- 4, 3, 1),

parallel to the plane x + 2y —z — 5 = 0 and intersecting the

. x+1 y-3 z-2 .
line = = is: [JEEMAIN 2019 (JAN)]
-3 2 -1
X+4 y-3 z-1 X+4 y-3_z-1
e ® 5 =11
x+4_y—3_L4 x—4_y+3_z;1
(0)1_1_3 (D)2_1_4

=
I 222




(VECTOR & 3-DIMENSIONAL GEOMETRY J) @elSI=S1[el =N

SOAL

[ODI ADVANCED LEARNING]
Q.80 Thelength of the perpendicular from the point (A) (2,1, 4) (B) (V2,1 4)
X+3 -2 z
(2,1, 4) on the straight line, — = =y_—7 =1is © (2,-14) (D) (—2,-1,-4)
-1 1 -2
[JEEMAIN 2019 (APRIL)] Q.88 If the line, = _yro 2z < meets the plane,
(A) less than 2 2 3 4
(B) greater than 3 but less than 4 x+2y+3z=15 at apoint P, then the distance of Pfromthe
(C) greater than 4 originis [JEEMAIN2019(APRIL)]
(D) greater than 2 but less than 3 (A)9/2 (B) 25
.81 The magnitude of the projection of the vector
¥ i A'agA on the vecriorJ erpendicular to the plane (© 512 D)7z
2i+3j+k perp o P Q.89 TheverticesB and C of aA ABClieontheline,
containing the vectors i + j+k and i+ 2j+ 3k, is x+2 y-1

Q.82

Q.83

Q.84

Q.85

Q.86

Q.87

[JEE MAIN 2019 (APRIL)]

(A) 372 (B)3/2
© 6 (D) 3V6

The equation of aplane containing theline of intersection
of the planes 2x—y—-4=0and y + 2z — 4 = 0 and passing
through the point (1, 1, 0) is: [JEEMAIN2019(APRIL)]
(A)x+3y+z=4 (B)x-y-z=0
(C)x-3y—-2z=-2 (D)2x-z=2

Let a=3i+2j+xk ad b=7—]j+k, for some rea x.

Then |ax b|=r ispossibleif {JEE MAIN 2019 (APRIL)]

(A)S\/g<r<5\/§ (B)0<r£\/§
(C)\Edgs\/g (D)r25\/§

The vector eguation of the plane through the line of

intersection of theplanesx +y +z=21and 2x+ 3y+4z=5

which is perpendicular to the planex-y+z=0is:
[JEEMAIN 2019 (APRIL)]

(A) Fx(i+K)+2=0 B)F-(i-k)-2=0
©F-(i-k)+2=0 (D) T x(i-K)+2=0
If apoint R (4, y, z) lies on the line segment joining the

points P (2,-3, 4) and Q (8, 0, 10), then the distance of R
fromtheoriginis: [JEEMAIN2019(APRIL)]

(A) 2\14 (B)6
(©) /53 (D) 2421

Let G =3i+jandf=2i—]+3k If p=p;-B, where f;
is paralel to oo and BZ is perpendicular to &, then
B xPB, isequal to [JEEMAIN2019(APRIL)]
(A) -3i +9j+5k (B) 3i —9j -5k
©5(3+9+50) (D) 5@ -9i+5K)

A plane passing through the points (0, -1, 0) and (0, 0, 1)
and making an angle /4 with the planey—z + 5 =0, also
passesthroughthepoint [JEE M AIN 2019 (APRIL)]

[ 223

Q.90

Q.91

Q.92

Q.93

Q.94

3 0 % suchthat BC=5units. Thenthearea(in

sg. units) of this triangle, given that the point A(1, -1, 2),

is [JEEMAIN2019(APRIL)]
(A) 2/34 (B) /34
©6 (D) 5V17

If aunit vector & makes angles /3 with |, /4 with

] and § e (0, ) with k, then avalue of 0 is
[JEEMAIN 2019 (APRIL)]

(A)5r/12 (B)5n/6

(©) 2n/3 (D) /4

If the length of the perpendicular from the point

(B, 0, B) (B 0) totheline, %yT_l:Z_—*ll is\E,thenB

isequal to: [JEEMAIN 2019(APRIL)]
(A) -1 (B)2
(©)-2 (D)1

If Q (0, -1, -3) is the image of the point P in the plane
3x-y+4z=2andRisthe point (3, -1, —-2), then the area
(insg. units) of APQRis  [JEEMAIN2019(APRIL)]

@) @ CR
© 213 ®) g

The distance of the point having position vector

i+ 2] +6k from the straight line passing through the

point (2, 3, —4) and parallel to the vector, 6i + 3j— 4k iS
[JEEMAIN 2019 (APRIL)]

(AD7 (B) 44/3 (©) 2413 (D)6
A perpendicular isdrawn from apoint on theline
Xx-1 y+1
2 1
foot of the perpendicular Q also lies on the plane
X —Yy + 2z =3. Then the co-ordinates of Q are
[JEEMAIN2019(APRIL)]
(B) (4,0,-1)
(D)(1.0,2)

=% to the plane x + y + z = 3 such that the

(A)(2,0,1)
(©)(-1,0,4)
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Q.95 Iftheplane 2x —y + 2z + 3 =0 has the distances 1/3 &
2/3 units from the planes 4x -2y + 4z + A =0 and
2x—y + 2z + =0, respectively, then the maximum value
of A +pisequal to: [JEEMAIN2019(APRIL)]

(A) 15 (B)5
©13 (D)9
X-2 +1 z-1
Q.96 If theline 3 =y2 =77 intersects the palne

2x +3y -z +13=0atapoint P and the plane
3x+y+4z=16at apoint Q, then PQisequal to:
[JEEMAIN2019(APRIL)]

(A) 2414 (B) V14

© /7 (D) 14
Q.97 Leta=3i+2j+2k and b=i+2j— 2k betwo vectors. If
a vector perpendicular to both the vectors a+ b and

a—b hasthe magnitude 12 then one such vector is
[JEEMAIN 2019 (APRIL)]

(B) 4 (-2 - 2j+K)

(©) 4(2 -2}k (D) 4(2i +2j+k)
Thelength of the perpendicular drawn from the point (2,
1, 4) to the plane containing the lines

F=(+D+a@+2j-k) and 7=@{+5)+p (=i +]-2k)

(A) 4(2i +2j-k)

Q.98

is [JEEMAIN2019(APRIL)]
(A) 3 (B)1/4/3
©u3 (D)3

Q.99 A plane which bisects the angle between the two given
planes2x—y+2z-4=0and x + 2y + 2z -2 =0, passes
through the point: [JEEMAIN2019(APRIL)]
(A) (21 41 1) (B) (21_41 1)

(C) (1!41_1) (D) (11_4! 1)

Q.100 Let P be a plane passing through the points (2, 1, 0),
(4,1,1)and (5,0, 1) and Rbeany point (2, 1, 6). Thenthe
imageof RintheplanePis: [JEE MAIN 2020 (JAN)]
(M) (6,5,-2) (B)(4,3,2)

(C) (3! 4’ _2) (D) (61 51 2)

Q.101 If & b,¢ are unit vectors such that a+ b+¢=0

and L=3a-b+b-¢+¢-3a and

d=axb+bxT+Ctxa then (i, d)=

[JEE MAIN 2020 (JAN)]
@329 @3
© [—%Sax‘] (D) (—g,SéxBj

Q.102 If Q(5/3, 7/3, 17/3) isfoot of perpendicular drawnfrom P
(1,0, 3)onalineL andif lineL ispassing through (c, 7, 1),
then value of ais [JEEMAIN 2020 (JAN)]

Q.103 The shortest distance between the lines

Xx-3 y-8 z-3 X+3 y+7 z-6

3 1 1 Mmooy T ke
[JEE MAIN 2020 (JAN)]

() 230 ®) 3V30

©3 (D) 24/30

Q.104 If volume of parallelopiped whose coterminous edges
aeli=i+j+rk, v=2i+]+k and w=i+]j+3k isl
cubic unit then cosine of angle between G and V is —

[JEE MAIN 2020 (JAN)]

7 7
*) 3710 ® 53
5
© 373 (D)5/7
Q.105Let a=i-2j+k,b=i—]+kand¢ isnon-zero vector

and bxG=Dbx3 a.¢=0 find b-¢=0.

[JEE MAIN 2020 (JAN)]
(B)1/3

(D)-1/3

(A) 1/2
(C)-1/2

-7 -4 -1
Q.106 Image of (1, 2, 3) w.r.t aplaneis [—,—,—] then
3 3 3
which of the following pointslie on the plane
[JEE M AIN 2020 (JAN)]

(A) (_l! 11_1) (B) (—1, —1, —1)

(C) (_1! _l! 1) (D) (1, 1, —1)
Q.107 )x+2y+22=5

2Ax+3y+5z=8

Ax+Ay+6z=10

for the system of equation check the correct option.
[JEE M AIN 2020 (JAN)]

(A) Infinite solutionswhen A = 8

(B) Infinitesolutionswhen A = 2

(C) no solutionswhen . =8

(D) no solutionswhen . = 2

Q.108 If the vectors, p=(a+1) i+ + ak,
d:aiA+(a+1)]+al2and f:aiA+a]+(a+1)lz

(aeR) arecoplanar and 3(p-G)>-1[Fxg*=0, then
thevalueof Ais___. [JEEM AIN 2020 (JAN)]
Q.109 The projection of the line segment joining the points
(1,-1, 3)and (2, -4, 11) on the line joining the points
(-1,2,3)and (3,-2,10)is [JEEMAIN 2020 (JAN)]
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110 Let 3 band¢ be three vectors such that |a|=y3, Q-1 If thedi stance between the plane,
Q abandc lal=3 23x — 10y — 2z + 48 = 0 and the plane containing the lines

|b|=5, b-¢=0 and theangle between band ¢ isn/3. If

3 ) x+1=y—3=z+1 X+3:y+2=2_1(7\.eR)
a is perpendicular to the vector bx¢, then 2 4 3 2 6 A
|ax (bx¢c)|isequalto__.  [JEEMAIN2020(JAN)] is equal to %,then kisequa to .
[JEE M AIN 2020 (JAN)]
ANSWER KEY
EXERCISE - 1
Q|1(2|3|4|5|6|7]8[9]|10(11|12|13|124]|15(16|17(18|19|20|21|22|23]|24(25|26|27
A B|A|C|(B|[B|A|C|A[D|A|C|B|C[{B|B|A|DIB|A|C|C|B|A|C|B|A
Q|28|129|30|31|32|33|34|35|36|37|38|39(40|41(42(43(44(45(46(47(48(49|50|51|52|53|54
A|D|C|A[B|A|C|A|C|A|C|A|A|BlfB|]A|D|(D|D|C|D|C|D|A|D|JA|C|B
Q|55|56|57|58|59|60|61]|62|63|64|65|66(67|68(69(70(71L(72(73|74|75|76|77|78]|79|80]|81
A|lA|D|B|B|B|D|A|A[C|A|[C|[C|A|B|D|A|A|C|A|C|A|D|B|D|B|D|B
Q|82(83|84(85|86|87(88|89(90|91(92|93|94|95]|96(97| 98| 99|100|101|102|103|104|105(106| 107|108
A|C|D|A|J]A|B|A|C|BfC|(B|lD|(B|D|B|D|C|B|D|C|A|C|B|B|B|A|B|B
Q [109|110/111)112| 113|114/ 115]116]117]118| 119|120{ 121{ 122( 123( 124{ 125| 126| 127| 128| 129| 130| 131 132
A|C|A|Bl(B|C|C|A|B|A|B|C|D|ID|B|D|C|[C|A|J]A|A|B|[A|B]|B
EXERCISE - 2
Q| 1(2(3|4|5|6|7)|8|9(10(11|12{13(14|15]|16[17(18|19|20(21(22|23|24(25|26|27
Al C|C|A|C|A|B|IC|[B|A|A|D|C|B|ID|C|A|A|D|C|D|C|[B|A|C|C|B]|C
Q| 28(29(30(31| 32|33|34|35(36(37(38(39|40|41|42|43|44|(45| 46 |47|48|49|50|51|52|53| 54
AlA|A|DIB|A|D|B|[D(A|B|A|A|[D|C|D|(A|D|IC|JC|A|C|A|B|C|C|D]|A
Q| 55(56(57|58| 59 |60|61|62(63|(64|(65(66|67|68|69|70(71(72(73(74|(75|76|77|78|79(80( 81
AlA|JA|C|A|A|B|A|[DID|A|D|B|[B|A|C|IC|B|A|JC|B|D|B|JA[A|[C|A]|C
Q| 82(83(84(85| 86|87|88(89(90(91(92|93|94|95|96|97|98|99|100
A(343|1 6| 21101 51931014852 1]|15(1|7]|9]| 6
EXERCISE-3
al1]2]34|5][e|[7[8|9|10]11]12]| 13| 14| 15| 16| 17| 18 | 19| 20| 21 |22|23|24|25|26|27|28|29] 30
A(D|D B|C|D|C D|B|C|A|D|D|C|D|JC|C|C|D|C|C|IB|A|A|B|B|(B|A|B
Q(31]32|33|34(35|36|37|38(39( 40 | 41 | 42| 43 |44 | 45| 46| 47 | 48 | 49 | 50 | 51 |52|53|54|55|56|57|58| 59|60
A|C(C|DID|D|A|D(D|IDfC|C|D|B|D|A[{B[(D|[D|A|B]A]|JAIB|DIC|A[C|B|C|C
Q| 61(62|63(64|65/66|67(68|69( 70 ( 71 | 72| 73 | 74| 75| 76 (77| 78 | 79| 80| 81 |82(83|84(85/86/87|88(89|90
A(C|D|A|A|D|C|B|C|C|A|D|D|D|D|C|B|C|A|B|B|B|B|D|IC|A|C|B|A|B|C
Q(91)|92|93(94(95|96|97|98(99( 100{ 101|102( 103 |104| 105|106 | 107| 108|109( 110{ 111
A|A|ID|AJA|[C|A|C|A(B|A|D|4|(B|2|C|D|DJ|1]8]3] 3
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CHAPTER- 10: BC =P.V.of C-PV.0f B = (j+2K)— (i) =i+ ]+ 2k

VECTORS& 3-DIMENSIONAL GEOMETRY Now, BABC = (21 + 21+ 30) 6 + ]+ 28

=2x1+2x1+3%x2=2+2+6=10
LUTIONSTOTRYITYOURSELF

TRY IT YOURSEL F-1 |BA[=4(2)°+ (9 +(3* =/4+4+9 =17
(1) Here|al=~/3 ,|b|=2 and ab=+/6 IBE|= 02+ 02+ (@2 =171+ 4 =6
Let 0 be the angle between two vectors dand b , then BABC 10 10
~ cos/Z/ABC=——= =
ab V6 1 1) x |BA||BC| 1746 102
€osO =— = =—=—:»e=cosl[—]:—
lal|b] V32 +2 2) " a 10
-1
~ A a A Z ABC = cos [—]
(2 Leta=i-jandb=i+j betwo given vectors. 1102

The projection of vector & onthevector b isgivenby  (6) (B).Giventhat aand b aretwo unit vectors.

R |a|=1 and|b|=1
é(ab)z(' D-(i+)) 1x1-1x1 0

:—__:O ) )
Ib| @2+ ()2 2 2 Also given that (a+2b) L (54— 4b)
al=|blandab= 1 = (a+2b).(5a-4b)=0
©) GivenIfil=|b|andab:E > 0
= 5|af -8|b[? -4ab+10ba=0

Let 6 be the angle between two vectors aand b , then - o
= 5-8+6ab=0= 6]a||b|cosb=3

- 1

; ab 5 - where 0 is the angle between Zand b
0= Tal b | 080" = i [-1al=1b]] — 0080 =1/2 = 0=60°
(7) (C).Let v=2a+ub
1l jape1sa-t : f ’
2 2|ap N - SV=A+p)i+-p)j+r+pk
Thus, |a|=|b|=1 Now, Vo= — = GrW-0-w-0+w _ 1
(4) Givena=2i+2j+3k,b=—i+2j+k and €=3i +]j Sp-A=1l=p=a+1
Now, @+ Ab = 2i + 2j+ 3k + A (=i + 2] + K) LU= (24D i -]+ (@2 +D k
= 20+ 2]+ 3k —Ai + 2+ Ak Fori=1, v=3i-]+3k
=(2-0)i+@+20) j+(B+1)k (8) Here position vector of point P= 2a+ b
Since a+\b is perpendicular to € then (3+1b).c=0 Position vector of point Q= 3—3b

Now point RdividesPQintheratio 1: 2 externally

= [2-N)i+2+20) j+(B+A)Kk].(B+))=0 Position vector of point

= (2-1)x3+(2+20)x1+(3+1)x0=0

= 6-3L+2+2.=0 R= (a-3b)x1-(2a+b)x 2
= -A+8=0= =8 - 1-2
(5) Position vector of point A =i+ 2j+ 3K a-3b-4a-2b -3&-50 . -
- = = =3a+5b
Position vector of point B = —j -1 -1

Position vector of point C = j+ 2k (9 Leta=i+j+k , b=2i+4j-5k
Now, BA =P.\V.ofA-PV.ofB and € =i +2j+3k

—(+2j43K) (D) =T+ 2j+3k+i=2+2+3k b+C=2i+4j-5k+1i+2j+3k = (2+2) i +6]- 2k

e
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@

@

©)

1b+¢|=4/(2+1)%+ (6)%+ (-2)°

Va+22 1 4.+ 36+4=\12+ 40+ 44

The unit vector parallel to vector (b+¢) is

(b+¢)  (2+1)i+6j-2k
b+Cl  A2+an+44

_ (b+¢
It is given that a(0+9 g

b+¢|

(2+1)1+6]— 2k
VAZ 440+ 44

2+A+6-2

= —
VA2 + 40+ 44

(iA+]+Iz). =1

=1

= A+6=VAZ+40+44
= (L+6)2=A2+4r+44

= A2+36+12L=202+4L+44

= 120-4r=44-36=8.=8 =A=1

TRYITYOURSEL E-2
Here adjacent sides of parallelogram are

a=i-j+3k and b=2 - 7j+k

i ]k
axb=|1 -1 3
2 -7 1

=(-1+21) i — (1-6) j+ (-7+2) k = 20i + 5] — 5k
|8xB|=/(20)2 + (5)% + (-5)2 = 400+ 25+ 25
=/450 =152

Areaof parallelogram |ax b| =152 sg. units

= 1t cubic units

<
I

11
12
11

a O O

(€+1b)a=0

((+2]+3K)+ 4 (=i +)).(~=i —k) =0
(L-2)i+(2+1) j+3K).(<i—k)=0
A-1-3=0= r=4

So, T.h=(-3i+6j+3K).(~i +]) =3+6=9

Uy U

(4) (A). 3 Db, ¢ areunit coplanar vectors,
2a-b, 2b—¢and 2¢ -3 are also coplanar vectors.
Being linear combination of &, b, ¢
Thus, [2a-b 2b-¢ 26-3] =0

(5) (C).a=i-k, b=xi+j+{1-x)k

é:yf+x]+(1+x—y)l2

y X 1+x-y

=1(1+x-y-x+x39)-1(x2-y)
=1 .. dependsneither onx norony.

(6) (B). & b,¢& areunit vectors,

Fromeqg. (1) and (2),x<9 .. xdoesnot exceed 9.
(7) (C).Volume of parallel opiped formed by

G:f+ai+I2,V:]+alA<,W:af+lA< is

1 al
V=[0VWw=|01 a

a 01
=1(1-0)-a(0-a%)+1(0-a)=1+a%-a

dv
For V tobemin £=0:> 3a2-1=0

= a=+1//3 Buta>0= a=1/+/3

® (A).Volume=|a(bxd)|=

1 1/2 1/2
/2 1 1/2
172 1/2 1

51—
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R 0 (3) Herecoordinatesof thepointsA, B, Cand D are(1, 2, 3),
(4,5,7),(-4,3,-6)and (2,9, 2) respectively.
T .. Directionratios of lineAB are (4-1),(5-2), (7-3)
9 (©. (o, B,7) ie, 3,34
< Direction ratios of line CD are (2 + 4), (9-3), (2 + 6)
S P i.e.6,68
Areaof base (PQRS) Let 6 be the angle between AB and CD then
i ] k 3x6+3x6+4x8
_l|ﬁxsﬁ|_l 3 1 2 cosf =
2 2|, o @2+ @2+ (@ 67 +(67 +(®)
1 ) ) . o B 18+18+32 3 68 68 _
= |-10+10j-10k|=5]i - j+ k| =53 J9+9+6+/36136+64 | +34x136 68
Height:proj_ofPTon cosf=1=cos0=60=0°
(4) Heretheequation of given linesare
P-jek=[i2rY_ 2 2 y-1 z+3 2 y-4 z-5
- == Xx-2 y-1 z+ X+ y— z-
3 3 = = = =
VBl 2 5 3 MM T g Ty
543 2 . Direction ratios of two lines are (2, 5,-3) and (-1, 8, 4).
Volume= (5v3) OB 10 cu. units Let 0 be the angle between two given lines then

TRY ITYOURSELF-3
(1) Givena=-18,b=12andc=-4
Direction cosinesof aline are

a b c
x/a2+b2+c2 x/a2+b2+c2 \/az+b2+c2
-18 12

JC18)2+ (122 + (42 (L18)2 + (122 + (-4)°

-4
JC18)2 + (12)% + (-4)2 ®)
-18 12 -4
= J324+144+16 \324+144+16 [324+144+16
1812 4 -9 6 -2

2’22 n'1nu
(2 Let/;and /, be two lines having direction ratios a, b, ¢
and b —c, c—a, a—b respectively.
Let 6 be the angle between ¢, and /, then

a(b-c)+b(c-a)+c(a—b)

cosO =
Ja? + b2+ \J(b- )%+ (c-2)? + (a—b)?

ab-ac+bc—ab+ac-bc

_ -0
Va2 + b2 +¢2 \J(b- )2 + (c-a)% + (a—b)?

cose—O—cosE O—E
VTS5 =TS

4 +biby + €

coso =
\/af+bf+of\/a§+b%+c%

2x(-1)+5x8+(-3) x4
J@2+ 62+ (=32 ()% + (82 + (4)

~ —2440-12 26 26
J4+25191+64+16 /38481 938

cosb =

2 _
cose=—6:>9=cos 1

26 J
9\/38 [9@
Here the equation of givenlinesare:
1-x_7y-14 _ z-3 and 7-7X _y=-5_ 6-2
3 2p 2 3p 1 5

Xx-1 y-2 z-3 Xx-1 y-5 z-6
-3 2pl7 2 3p/7 1 -5
Direction ratios of two linesare

_@) (—_39 _]
[3,7,2and 7,1,5

We know that two lines are perpendicular if

a, + byb, + c,c, = 0.

—3><_—3p+@x1+2><—5=0
7 7

9P 2
= PP 10-0 = 9p+2p-70=0
777
11p=70 = p= 22
= PR =P
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(6) The equations of given linesare Comparing the given lineswith % =, + b, and
x+1:y+1:z+1 M T2:512+HA52 o L
v 6 1 & = 6i+2j+2k and by =i —2j+ 2k
x-3 y-5 z-7 a, = —4i —k and b, = 3i — 2j— 2k
and = =—— e 2 = = a7 S
1 -2 1 Now, 8, —& = (—4i — k) —(6i + 2j+ 2Kk)
Now, the line (i) passes through the point (-1, -1, —1) and = —4i —k—6i —2j— 2k =—10i - 2] - 3k
has direction ratios 7, -6, 1. L
P (==K +A (T =6]4K) oo €) - '1 ‘2 ';
The line (i) passes through the point (3, 5, 7) and has by xbp =1~
directionratios 1,-2, 1. 3 =2 -2
T=@+5/+7K)+p (i —2j+K) e 4 (4+4)1—(-2-6) ]+ (-2+6) k = 8 + 8]+ 4k
Comparing equations (3) and (4) with
_ ~ T 2 2 2 _ _ _
T =3 + by and T =&+ by, we have S By xby |=4/(8)7 +(8)% + (4)? =/64+64+16 =144 =12
o - A AISO,___..—'—»:_.A_':_"..AA."
8 = —j—kandby =71 -6} +k (35 —&).(by xby) = (-10i — 2j - 3k).(8i + 8j + 4k)
o T =10x8-2x8-3x4=-80-16-12=-108
a, =3i+5j+7kand b, =i-2j+k . Shortest distance between given lines
8y — & = (3 +5]+ 7K) - (-i - - k) (@2 —30).(By xB)| | _108| 108
=3 +5]+ 7K+ +]+K=4i+6]+8K |by x by | 12 12
o (9) Hereeguations of given linesare
I L F =20 —5j+k+1 (3 +2]+6k) and
byxb,=|7 -6 1 L o
1 -2 1 ?=7i—6k+p(i+2j+2k)

The given lines are parallel to the vectors
=(-6+2)i-(7-1) j+(-14+6) k= -4 - 6] -8k by =3i+2j+6k and b, =i +2j+ 2k
|By x By |=\/(—4)2 +(-6)2+(-8)2 Let 6 be the angle between two given lines then

b,.b
=J16+36+ 64 = /116 = 2429 cos0 = %
2

(3 + 2]+ 6K).(i + 2j + 2Kk)

Also, (3, —3).(by x by) = (4i +6]+8K ).(~4i — 6] — 8K)
=4 x (—4) + 6% (—6) +8 x (—8) =—16—36—64=-116 =

Shortest distance between given lines J@2+ 22+ 67207+ 22+ (27
(B —3).(by xby) | _3x142x246x2 344412 19
- | by x b, | V9+4+36\V1+4+4 - 7x3 71
|-116] 116 58 19 _1[13

= = = =229 . cosh=—=0=cos | —

229 2429 29 x 2 2

(7) Herethegivenlinesare

X_l_y_2_2_3an X_l_y_l_Z_G TRY'TYOURELF'4
-3 2k 2 3k 1 -5 . . [2+2(3)-2(-5-9| 9

The direction ratios of two lines are -3, 2k, 2and 3k, 1,-5. (1) Required distance = Madsd =3°
We know that two lines are perpendicular to each other iff

a, + bb, +cc,=0 . 21-3j+6k

3x3k+2kx1+2x-5=0=—9k+2k-10=0 (&) Heren=——7
= -7k-10=0= k=-10/7 So dc’s of the normal = 2/7, - 3/7, 6/7.

(8) The given equations are Also distance of the plane from the origin

F=6i+2j+2k+A (i—2j+2k) and |d| 2
F=—4i —K+p (3 - 2j— 2K) In|~ 7

E
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(3) LetN bethefoot of the perpendicular from point O on the 1dy—d, |
plane 2x+3y+4z-12=0. Distance between two planes= — 12"
. Direction ratios of the normal to the given plane are a? +b? +c?
2,3,4.
ON isthe normal to the plane and its direction ratios - |4-6| _ |-2] _ 2
are 2,3,4. \/(2)2+(3)2+(4)2 J4+9+16 29
X_y_Z_ (7)  (B). We know that two planesa;x + b,y + ¢,d = d; and
2 3 4 a b
x=2k,y =3k, z=4k a2x+b2y+czd=d2areparallelif_1:_:i
| : a by ¢

O

®

©)

Since N (2k, 3k, 4k) lieson the given plane.
s 2%2k+3x3k+4x4k-12=0
= 4k+9%k+16k=12

29k =12 k—2
T
12 24 12 _36
_2><—=— =
29 29° 29 29’
- dx 12 48
29 29°
Coordinate of the foot of perpendicular from the ori-
. (2 3 4
gn €\29' 2929/ "
The equation of the given planeis
2x+y-z=5
EX_,_X___ L+X+i—1
5 5 5 5/2 5 -5

N X vy z
which is of the form E+B+E:1 where a, b, c are

interceptsonx, y and z axis. Thusinterceptsonx,y and z
: 5 .

axisare Py 5 and -5 respectively.

The givenplanesare 3x—-y+2z-4=0andx+y+z-2=0

The equation of the plane through theintersection of given

planesis3x-y+2z-4 + A (x+y+z-2)=0

Since the plane (1) passes through the point (2, 2, 1), then

3x2-2+2x1-4+)A(2+2+1-2)=0
= 6-2+2-4+A(3)=0=A=-2/3
Putting value of A in (1), we have

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

= 9X-3y+6z-12-2x-2y-2z+4=0
= 7x-5y+4z-8=0
which is required equation of the plane.
(D). Here equation of two planesare
2x+3y+4z=4

Ix+6y+82=12 L 2
Now, equation of plane (2) can be written as
2X+3y+4z=6 . 3

Now plane (1) and (3) are parallel to each other

(®)

©)

Here, equation of given planes are 2x —y + 4z =5 and
5x-2.5y+10z=6

2 1 _4_2.2.2 .
= = 5—5—5,WIC IStrue.

X z
(D). Let the equation of variable plane be E+%+E:1

which meetsthe axesat A (a, 0, 0), B (0, b, 0) and
C(0,0,c).

Centroid of A ABCis(a/3, b/3, ¢/3)
and it satisfies the relatiton

1+1+1 9 9 9 K
x2 y? 72 a2 p2 2
1 1 1 Kk
= —2+—2+—2_— .......... (1)
a b® ¢ 9
. . X y z
Also given that the distance of plane E+B+E:1
from (0, 0, 0) is1 unit.
gy 7
1,1,1 @t
a? b? 2

k
From (1) and (2), we get §=1 i.ek=9

(A). Thegivenlineis
2X-y+z-3=0=3x+y+z-5
which isintersection line of two planes
2Xx-y+z-3=0 ... D
and X+y+z-5=0 ... 2
Any plane containing this line will be the plane passing
through the intersection of two planes (1) and (2).
Thus the plane containing given line can be written as
(2x-y+z-3)+A(3x+y+z-5)=0
Br+2)x+(A-1)y+(A+1)z+(-51-3)=0

As its distance from the pt. (2, 1, -1) is 1/ /6.

(Gh+2)-1+ (L -1)-1+ (7»+1)(—1)+(—57¥—3)| _1
V@422 + 0.~ + (. +1)? ‘ V6

A-=1 1

G Nl S S
2120 +6] V6

[4




SOAL

(VECTOR & 3-DIMENSIONAL GEOM ETRY) TRY SOLUTIONS 0D ADVANCED LEARNING
or —-62x-29y-19z+105=0
or 62x+29y+19z-105=0

Squaring both sides, we get

-9* 1 _ _
o o & (10) (D). The equation of plane through the point (1, -2, 1) and
17 +12.+6 6 perpendicular to the planes 2x -2y + z=0 and
= 6A2-12)0+6-11A%-124-6=0 X—y +27 = 4 is given by
= 502+24).=0

-1 2 z-1
— A(5.+24)=0 X—2 yre z
2 -2 1 |[=0=>x+y+1=0
= A=00r-24/5 1 -1 2
The required equations of planes are
2x-y+z-3=0 1+2+1
y It’s distance from the point (1, 2, 2) is +\/§+ =2J2.

w22
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HAPTER-10: (1) (A).Leta=i+j—k b=2—3j+k

VECTOR -DIMENSIONAL GEOMETRY o .
EXERCISE-1 a+b=3i-2j ; a-b=-i+4j-

1) (©).Wehave £i.(jxk)=2i.i=x1=3 Clearly, a+b, a—b arethediagonals

(2)  (B). Since three vectors are coplanar their scalar triple E +B|= 9+4-13

productiszero. a(bx¢) =0
(28-b).[(30—C) x (4C-a)] (12) (C).[axb bx¢ ¢xa]=[a b ¢]?
=12a(bx¢)-0-0+0-a(bxc)=0 . -

Given[a b ¢ = Reqd. =42=16
@) (A).Leta=150°,p=60° ven[a b c]=4 ™
We have cos?o. + cos? + cos’y = 1 (13) (B). (3-¢)b-(a-b)c=aa+Bb+yc
%+%+C°SZV=1:C052V=O:V=90° a=0; p=ac=3+4+3=10

y=—(a-b)=—(2-2+3)=-3
(14) (C).a-b=0

@  (C). a+b+c=0, implies

(a+b)-(@a+mb)=a-a+m(-b)+(b-a)+m(b-b)

[aa=bb==¢c=1 because they are unit vectors]

S 0=|a|2+0+0+m|6|2:m=—|j“—|
|mp||es ab= —E:b.c:a_c |b|
Therefore given expression is —3. (15) (B). |a+ bic |=0

® (@) |a+bP=|cf |af +|B] +|cf + 2GE=0 ; GE=-3/2
= |a|+|bf + 28 =1 (16) (B).a=ib=jc=k ; ix(jxk)=ixi=0
Other optionswill be not correct
ab= L cos0 = — L 0= 120° (17) (A). Consider adiagonal with each side 1.
2 2 Now BC and OA arediagonals. az
© ®). 3 é.(BxE) b(0xa) l_l__l Angle bawwidlaggds o1
Tlaxo)| 2|b@Exa| 3 2 6 =Angleb/w OA & BC. xn
- y
’ 3 0 OA =(1,1,1)-(0,0,0) 2 >
=(1, 11
@) A) 1 1 1|=2 - ( ) < B(1,00)
o4 2 BC =(0,1,1)-(1,0,0)=(-1,1,1)
2(2-4)-3(2-1)=2 Now cosf = D +1D+@@ 1
—4-6+3L=2=31=12=>A=4 PP+ e+ 3
ik - R
(8 (C).axb=|1 i 1|=2i-j-k; G )] bk
. 5 1 3 , \/6 (18) (D).Area=|a><6|: 1 0 1 =—I+j+k
211
a+b).(bxd (b+0).€x3a) (c+ x b . _
O (A.( )b( ), ( )b( 9, (c *)B(* ) - Area= f1y111-43
abel 1abd abd 19 (®)|al=|bl=10=7/3
=(1+0)+(1+0)+(1+0)=3 Hel=lR=LT=n
(10) (). |axb|=|aP|bP - (ab)2 |a+bl=1af +|bf* +2(|a|-|b] coso)
- ) 0= =1+1+2x1x1x1/2=3
axb)? + (ab)? =|af’|b _ -
@xb)7+ @b =[arib] |a+b|=v3 . |a+b|>1

- r_ 144 (12) 2 -

144=16|bP . 1PI= T =3 b

(4) S




(VECTOR & 3-DIMENSIONAL GEOMETRY ) @eA:E=elHUa e\

SOAL

ODM ADVANCED LEARNING

(20) (A).[a-b b-¢ ¢-3a]=(a-b)[(b-¢)x(c-a)]

a-(bxt)-a-(bxa)+a- (Ex3a)
—b-(bx€)+b- (bxa)-b-(cxa)

=[ab¢]-0+0-0+0-[ab]=0

1) (©.

(22) (©.

= 7-4+|bP-2|bP=|bP=7 - |b|=+7
(B).4+&+4=9=a=1,a>0

(A). LetA(0,7,-10),B(1,6,—6)and C (4,9, -6) be three
verticesof triangleABC. Then

la-bP =|af|+|bf -2|a-b|

(23)
(24)

AB=1/(1-0) + (6-7)2 + (-6+10)°
=V1+1+16 =18 = 32

BC=1/(4-1)2+(9-6)% + (-6+6)°
=1/9+9+0=+18=32

AC=1(4-0)% + (9-7)2 + (-6+10)2
=V16+4+16=36=6

Now,AB=BC

Thus, ABC isisoscelestriangle.

Let apoint P(x, Y, ) be equidistance fromthe points
A(1,2,3),B(3,2,-1).

(25 (©.

P(xy,2)

PA = (x-1)2+(y-2)2+(z—3)2

PB =(x=3)2+(y-2)2 + (z+1)2

According to the question,

PA=PB A(1,23)
= (x-1)2+(z-3)2=(x-3)2+(z+1)?
Simplifying, 4x-8z2=0=x-2z=0
Let P (X, y, 2) be any point which divides the line
segment joining pointsA (-2, 3,5)and B (1,—4, 6) in
theratio 2: 3internally.

_ 2x1+3x-2 2—6_11

B(3,2,-1)

(26) (B).

X

Then, 2+3 5 5
_2><—4+3><3_—8+9_E
243 5 5
Z_2><6+3><5_12+15_£
243 5 5

-4 1 27]
5'5'5.
(A). Let Q (5, 4, — 6) divides the segment joining points
P(3,2,—-4),and R (9, 8,-10) intheratiok: 1 internally.
9%k +3 8k+2 —10k—4]
k+1 ' k+1' k+1
But it is given that coordinates of Q is (5, 4, —6)
9%k +3
k+1
Thus Q divides the line segment joining points P

Coordinate of P are (
27

", Coordinatesof Q are (

=5 =9k+3=b5k+5=4k=2=k=1/2

1
andRintheratio Eil i.e,1:2internally.

(28) (D). LetYZ-plane divide the join of A(-2,4, 7) and

B (3, -5, 8)at P (x, Y, z) in the ratio k : 1, then the

3k-2 -5k+4 8k+7j
k+1' k+1 ' k+1

coordinate of P are (

]
‘/k/ 7<1\‘ B (2-58)
A(247) P

—

Since, Pliesontheyz-plane, itsx-coordinateiszero
k-2
k+1
Therefore, y z-plane dividesAB intheratio 2 : 3.
(C). Let A and B be the points which trisect PQ.
Then,AP=AB = QB. Therefore, A divides PQinthe
ratiol: 2 and B dividesitintheratio2: 1.

i.e, =0=> 3k-2=0=>k=2/3

(29)

PN S -
(4,2,-6) (10, 16, 6)
AsAdividesPQintheratio 1: 2, so co-ordinates of

[1(10) +2(4) 1(-16)+2(2) 1(6)+2 (—6)}

1+2 1+2 1+2
=(6,-4,-2)
Since, B dividesPQ intheratio 2: 1, co-ordinates of
[2(10)+1(4) 2(-16)+1(2) 2(6)+1(—6)}
ae 2+1 1+2 1+2
=(8,-10,2)
Hence, the co-ordinates of A and B are (6, -4, -2)
and (8,-10, 2) respectively.
(A). Let the co-ordinates of the vertex D be (X, Y, 2).
We know that the diagonal s of a parallel ogram bisect

each other. Therefore, the middle point of AC isthe
same as the middle point of BD.

(30)

e
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x %2 ra
D

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

1+x 3-1
—=——=1+x=3-1= x=1

> = 2 (34)

2+y -1+1

2 2
—-4+z 2+2
and =——=>-4+z2=4=12=8

2 2

Hence, the fourth vertex D is the point (1, -2, 8)
(B). Here, P (2a, 2, 6), Q (-4, 3b,-10) and R (8, 14, 2c) are
verticesof triangle PQR.
Coordinates of centroid of A PQRis

(2a—4+8 2+3b+14 6-10+ 20]

and =2+y=0 = y=-2

(31

3 3 3
But it isgiven that coordinates of centroid is (0, 0, 0)

2a+4

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

(35)

30+16 ) . 3h+16=0=b=-16/3
3

2c-4
3
(A).LetQ(0,y, 0) beany point on y-axis.

PQ=1(0-32+(y+2)2 +(0-5)°

=0=>2c-4=0=>c=2

32) (36)

Then,

:\/9+ y2+4+ 4y +25 = \/y2+4y+38

But \ly? + 4y + 38 =5/2

Squaring both sides, we have
y2+4y+38=50=y?+4y-12=0
= (y-2)(y+6)=0=>y=2-6
Thus, coordinates of point Q are (0, 2, 0) and (0, -6, 0).
(C). Let the coordinate of Rbe (4, y, z).
Let RdividePQintheratiok: 1
P k R 1 Q
(2,-3,4) 4., 2) (8,0, 10)

) (8k+2 k (0)-3 10k+4)
Ris{ 31 k+1 k+1
But x coordinate of Ris4.

8k +2 1
So, =4 =8k+2=4k+4 = 4k=2=k=—
k+1 2

(37)

(33)

(38)

-3 -3 -3x2

y: = —2
k+1 1., 3
2
1
10k + 4 10[5]” 9% 2
Z= 1 = 1 = 3 =06
* —+1
2

Coordinates of R are (4, -2, 6)
(A). Let P(x,Y, z) beany point

Then, PA = /(x~3)2 +(y - 4)% + (z—5)2

= \/x2 +9—6x+y2 +16-8y+ 72 +25-10z

PB=y(x+ 12+ (y-3)%+(z+7)>

= X241+ 2x+y? +9- By + 2% + 4914z
Now, PAZ+ PB2=k?2
X2+9-6x+Yy2+16—8y+22+25-10z +x2+1+2x
+y2+9—6y+27z2+49+ 14z=Kk2
= 22+ 2y2+272 - 4x—14y + 4z + 109 = k?
= 2(x2+Yy2+72-2x-Ty+2z) =k?-109

k% -109

= X2+y2+72-2x-Ty+2z=

(C). Distancefromy-axisis \/x2 ;. 2

= V4% 452 = 16+ 25 =41

(A). Let a bethe position vector of the point (1, 2, 3).
Then a=1i+2j+3k

Now the equation of the line passing through the point
having position vector & and parallel to vector

b=23i+2j—2k is F=a+Ab
= F=(+2]+3Kk) +1 (3 +2j-2K)
X+3 y-4 z+8

3 5 6

Thedirection ratios of the givenlineare 3, 5, 6.

Since the required line is parallel to given line, so the
directionratios of required lineare proportional i.e., 3, 5,
6. Now, the equation of the line passing through point
(-2, 4,-5) and having direction ratios 3, 5, 6 is

(C). Theequation of givenlineis

X+2 y-4 z+5

3 5 6

(A). Here the equation of given linesare:
1—x:7y—14:z—3and 7—7x:y—5:6—z
3 2p 2 3p 1 5

, whichisequation of required line.

==
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x-1 y-2 z-3 x-1 _y-5 z-6
-3  2pl/7 2 -3p/7 1 -5
Direction ratios of two linesare

Directionratio of normal totheplaneisy, 2, 3.
Eqisix+2y+3z+d=0.

Passes through the point (2, 3, 4)
2+6+12+d=0=d=-20

Eq. isx+2y+3z=20

(—3,@,% and [_—3p,l—5j (46) (C).D.Rofline=3,4,5
7 7 Lineand planeare parallel
We know that two lines are perpendicular if Normal to plane and line are perpendicular
a, + byb, + c,c, =0. a, + bb, +cic,=0
—3p 2p Forplane2x +y-2z=0
—3X7+7X1+2X—5:0 3(2)+4(1)—2(5):O 2X+y—22:0
(47) (D). Any plane through point
9P 2p 3 A(2,3,1)isa(x-2)+b(y-3)+c(z-1)=0 ...... @
= 7+7_10_0 = 9p+2p-70=0 It passes through point B (4, — 5, 3)
= 11p=70 = p=70/11 Then, a(4-2)+b(-5-3)+c(3-1)=0
i . = = 2a-8b+2c=0
(39) (A). Foot of the perpendicular from point A(a) on the — a-4b+c=0 @)
___ (aA-d). -+ Plane(1) isparalel tox-axiswhose DC'sare 1, 0,0
plane fii=d isT=a+———=n Then,a(l)+b(©0)+c(0)=0 ... ©)
In| By (2) and (3), find thevaluesof a, band c& putineg. (1)
Equation of line parallel ¥ — g4+3p in the plane (48)  (C).
Let 2x+3y—-4z-1)+A(3x-y+z+2)=0 ... @
. _— _ . (d-an) . .- and 2x+3y-4z=0 . 2
= b =
fAa=disgivenby 7 a+[ v j+n+kb - plane(1) L plane (2)
(40) (B). Useformula =2@2+30)+3(3-1)-4(L-4)=0;1=29
o P(4,21)
10 2 3
1 -2 2
3 -2 -2| 108
SD.=—+——=""=9 — 41
Vg2ig2ig?2 12 (49 (). "
M (B S ot on line X2 Y=5_2 . e
(41) (B). Since any point on line 3 5 5 is wherem (x;,y;,2,) = (2,3, 1)
. - Let, m(2, 3, - 1) is the foot of the perpendicular from the
(8r—2,-2r+5,5r) which satisfies both the plane. point P. The line PM isthe normal to the plane.
Hence the result. . DR's of the normal are (4-2), (2-3), (1 +1)
(42 (A). cosl[ 3105 ] Required pal “aThemahe
4= .. Required palne,
VI+14/9+16 +25 8 (x-x)) +b (y—yp) +C (z-2,)=0
) (1 2(x=2)+(-1)(y-3)+2(z+1)=0
= COoS m = coS g . 2x—y+?z+1=_0 .
(50) (A). " Misthemid point of AB
q =cos™ (2+10-12) =cos 1 (0) B I 1
43) (D). el e {(4|+5]—10k)2+(—|+2]+k)}
=q=90°-
(44) (D). Genera pointsof 2lines 1 o~ ~ o~
P(rr—2,1Q(2K-2,K K) =5@+7j-9%) =2
Drsof PQare (r-2K+2,r-K-2,r-K) .
i = AB = normal vector of the plane
r-2K+2 r-K-2 r-K - Planeisperpendicular to the lineAB
2 1 2 e A A
r=6:K=2putinPand Q. = Nn=AB=0B-0A = (-5i - 3j+11k)
_ _ _ X y z = Equation of planeis v.i = an, where a= OM
(45) (D). Since planeis perpendicular to 1273 (51) (D). DR’softhe normal of the plane = 2, -3, 6
& DR'sof x-axisis1, 0,0
[ 235
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& If © isthe angle between the plane
_ 2D+ (=3O +(6)O0) _2

(63) (C). Wehave ((axb)x3).(bx3)xD)

& x-axis, thensin = m a7 = ((33) b—(b3) 3) . (b.b) a— (ab) b)
, , = (3%b?%) ab—a%b%(ab) - (ab) a°b? + (ab)®
— A o - o -
= 6=sn (7) Lass =- [(ab) 8B - (ab)*] = —(ab) [a°b* - (8b)°]
(52 (A). From option (_A) , mi(_jpoi ntof (3,2, 2) and (5, 4, 6) = _(ab)|axbf
satisfies the equation of given plane. 69 (A).
(53) (C). Areaof AABC= %J D’ 4D’ % (axb)xab+(ab)® = (aa)b- (ab)a) b+ (ab)>
= (a8) (bb) - (ab)* + (ab)?
:%x/4><9+9><16+16><4 :%@:Je_l_ = a2b%=(4)(9) =36
[ 6+2-12) 1(_‘4 ] (65) (O)- |uxV[=0%V"-(uv)?; 36=(9)(4)- (uv)
(54 (B). 6=sin L\/— \/—J Ja06) = 0V =0= GandV areorthogonal.

Also (UxV)xU=(U.0)v—(v.u)u=9v

3
)+ 1 Q2x +3y+4245)=0= | = — y
(85) (A). (Hy+z-6)+1Q2x+3y+4z+3)=0=1T="7 = (D) isincorrect.

= 20x+23y+26z-69 =0. — . X
i (66) (C).Va=x[abcl=- .. 1)
(56) (D). Theplanewillbe x +2y +4z=2x1+3x2+4x4 3
Of x +2y+4z=24. - Vb apels Y
(57) (B).Directionratiosof linea=1,b=-4,¢c=7 Smilaly, Vb=y[abcl=2 ... (2) and
Ix1+19%x4-11x7=1+76-77 =0 - .
It passes through given points, .. x =19y —11z = 0. Ve=z[ab ]=§ ......... ©)
qoan( 6212 ) [ _4J eql. (1) +eq. (2) + eq. (3)
(58)  (B). «/_«/_ V406 ) X+y+Z o~ . =
———=V.(@+b+0)
(59) (B). Sincethe only point (9, -5, 12) satisfies the line and 3
the plane. X+y+z=3V.(A+b+¢)
bx-n bz+/¢ _ ~
(60) (D). bx—ay=n 2 =y= c (67) (A). Weknow that ab=|a||b| cos6.

If the vectors make obtuse angle with each other, then
x-n/b 'y z+//b cos0 <O0.

alb 1 c/b

cy—hz=1¢
Let a=cxi—6j—3k and b=xi +2j—2cxk
l -
az—cx=n a(——j—C(ﬂJ =m Then ab = cx2 —12+ 6cx
Since the vectors @ and b make an obtuse angle with

(61) (A). Angular velocity @ = 3i —4j+k and distance from each other, therefore

centre 7 = 5 — 6]+ 6k . 2+6cx—12<0=>—cx2—-6cx+12>0
This is possible if (-c) >0i.e.c<0and
We know that linear velocity (V) = x T (6c)2-4x(-c) (12)<0
A 4
]k o = 36¢%+48c<0=12¢(3c+4) <0=- 5 <c<0.
=|3 -4 1|=-18i-13j+2k
5 _6 6 (68) (B). Thevector perpendicularto 3 and p is
62 A). 7 - T o P - Ty oL T ] R
(62) (A).r=a+b+c=4i-j-3i+2j-k=i+j-k axp= g-) % 2:?(1_0)_](1_0)4.[(’(1_0)
T i+j-ki+j-k

f:

i

Ir] /12+12+(_1)2 N =i-j+
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~laxpl=V1+1+1 =3 (73) (A). Let the angle between 3 and p be 6 and let the
Hence the unit vector perpendicular to 3 and p is anglebetween 3 x p and ¢ be ¢.
axb Thena x p =lallblsn 6 A
= (i—j+k). . o
jaxb| f =(axb)c={lallblsne a}.c
Hence the number of such vectorsis 2. =lallplle|sin o cos ¢
(69) () (i+])x(j+kj=i-]+k =lallblle|=1allbllc|sin 6 cos ¢ .fromthegiven
= unit vector perpendicular as to the plane of condition. = sin § cos ¢ =1.

Thisispossible only when sin ¢ and cos ¢ =1.

- - - — 1 e s =
i+ i is—(i—j+Kk
|+Jandj+k|s\/§( J ) o=

Similarly other two unit vectorsare

%(TJFT_R) and %(—T+]+R)

(74)  (C). Wehave, TC = ax(bx¢) = (ac)b-(ab)e

1)+ = 1
ac-—= |b-|ab+—=[¢=0
111, - ( ﬁj ( ﬁj
= v=[Py Ay Ag] = 343 1 1 1= 33 Since b and ¢ are non-coplanar, therefore
-1 1 1
= 1 - 1
- — - - - - a'C__:O —aC=—F=
(70) (A).Let ¥, = 60i +3], r, = 40i —8] and T, = ai —52] V2 2
If {, T,, T; are collinear, then there exists scalar t such - - 1
and ab+—==0 = ab=-——
that ;=R +t(%,~%); by using T:é+t(5—é) V2 V2
- - - — - - . . E
ie ai —52] :(60| +3J)+ (=207 —11]) Hence the angle between a and C is 2 and the angle
Hence equating the coefficientsof i and j , we get between @ and Bis%’t,
a=60-20t ) . .
and-52=3-11t @ (79 (A). Equating the componentsin
Now (2) = 11t=55 - t=5 o (i+2j+3K)+p (2i +3j+k)+y (3i + j+2k)
-, from (1), a=60-100=-40. . -
(71)  (A). Wehavepoint Pis(1, 2, 3) and point Qis(4, 5, 6). =-3(i -k)
— = o+2B+3y=-3,20+38 +y=0,30+p+2y=3
PR=Q-P=(456)-(123) =a+B+y=0=>a+23=0
=(4-1),(5-2),(6-3)=(3,3,3) = 3i +3j + 3k =y=-1p=-1a=2

+
Ol
A
Ol
+
—~
oO!
+
]
N
=l

Se3j+ak 301 +]+R) (76) (D). Wehave (a+b)p+ (b

unit vector PQ = =
NEAE 27 = (ap+bp)+(bg+ca)+(cr +ar)
Ul el S S S _[abg) [bbe] [bea] [cca [cab] [aab]
33 3 [abc [abq [abg [abd [abc [abd
> Lo =1+0+1+0+1+0=3.
(72) (O).Letoa=3=2i-3j: OB=b=T +j-k»
x -1 -3
— .
OoC=¢=3i -k (77) (B).Forcoplanarity |1 X 2| =x3+14x=0
3 -2 X

Then the volume of the parallelopiped = [é b é]
Thishasonly real root x =0

2 -3 0 (78) (D). For orthogonality, the scalare product = 0.
Now, [ab¢] = % é j 2(x2—1)—x (X +2) + 3x2=2(2x + 1)(x - 1) = 0.

=2(-1)+3(-1+3)+0(0-3)=-2+6+0=4,
[ 237
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(79)

(80)

(81)

(82)

(83)

(B). Wehave, |3|=v2%+1+2% =3

|b|=+/1+1+0=+/2

I2 i -2| = 7(0+2)-j(0+2)+k(2-1)
11

. |axb| = 52 521143
Given: |c-al=2v2 = (¢-3)%=8

= c?-2ta+a’=8 = c2-2c+9=8
= c?-2c+1=0 = (c-1)2=0=c=1li.e |

Hence, |(axb)x¢|=|axb| |&|sin30°=3x1.

(D). (b+¢E+3) x (C+a-b)=2bxc+26xa
Triple scalar product

= 2(a+b-0).(bxCc+¢Ex3a) =4(ab0)
(B). Since the given vectors are coplanar, therefore

aac
101
ccbh
=a(0-c)-alb-c)+c(c-0)=0
=-ac-ab+ac+c?=0=>c?=ab

= cistheGM. of aand b.

(C). If angle between aand cis 6 then -
ac=|a||c|cosb =1.2cos0=2cos6O

butax (axc)+b=0

= (a.c)a-(@aa)c+b=0=(2cosb).a-1.c=-b
= [(2 cosd) a—c]? = [-h]?

= 4c0s? 0 [a2 - 2. (2 cosB) a.c + [cf2 = |bJ?

= 4c0s%0 -4 cosO (2cos0) +4=1
=4(1-cos?0)=1 [ [a=1,[o]=1]
=snb=1/2=0=n/6

(D). If 3, b, ¢ arelinearly independent vectors, then &

=0

should be alinear combination of 3 and p.

Let é:pé+q5

i.e i+oj+pk :p(T+T+R) +Q(4T+3]+4R)
Equating the coefficient i, j, k ,weget 1=p+4q,
oa=p+3gandp=p+4q.

Fromfirstandthird, p = 1.

Now|¢|= .3 = 1+a?+p2=3

=a?=1 .. a=+1

Hence,a=+1,=1.

Area ACDM 1 (a6+ba) x (a+ B)
"Area A CBA  2(a+b)

(A)

1 (a-b)|bxa
T 2@+b) |bxa|

a-b  snA-snB
2(a+b) 2(sinA +sinB)

(A). Theresultantof p and Q is R , and theresultant of
pand-Q isS,thaisR=P+Q and S=P-0Q

)

or R2=PP+PQ+QP+Q0Q e @)
Smilaly, SS=(P-Q).(P-0Q)

Hence RR = (P+Q).(P+

O

o & =PP-PQ-QP+QQ
Adding eg. (1) and (2), we get
R2+S% =2 (PP+0Q0Q)=2(P*+Q?)

o 2 -3 a+t3 8 O

(B). (éBf:): 2 a -1 - 3 a+2 0
1 2 1 1 2 1
=02+50-18=6

=0?+50-24=(a+8)(a-3)=0=>a=-8,3
— - . _ - . —
(A).Here AB = (i + 2] +3K) - (41 + 2] + 2K) = -3 + k

Draw BN L AN. ThenAN isthe projection of KB along
¢ and istherefore equal to

c -

AB.cosp =1.ABcos g = E'A

_ 2i+3j+6k ( 3T+R)—_6+6
T V419436 T7
- BN>=AB2-AN?=10-0=10 - BN= 0.

(C). (axb)x (€xd)=(@bd)¢—(abc)d

=0

11 1 11 1
abd =" 1 tl=a@bg=t T =4
1 -1 -1 11 -1

The cross product = 4 (€—d) = 8] which s orthogonal

to both | and k .
(B). A vector coplanar with the given vectors can be
expressed as = (i +j+2K)+A (i +2]+K)

=@+ +@+20)]++0k )

[4
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(90)

(91)

(92)

(93)

(94)

(95)

Where ), isascalar.

If thisvector is perpendicular to

a=i+]j+k, thenta=0
=>A+)).1+2+2)0).1+(2+3).1=0

=4+4) =0=>r=-1.

Henceputting 3, =—1in (1), we get ¥ :_]+R whichis
a vector coplanar with the given vectors and L to
i+j+k.

. . T 1 4o
Hence the required unit vector is TN (=j+k)
(C). If O'is the centre of the hexagon. OAQ' is an
equilateral triangle as the interior angles of a regular

hexagon measure 120° each. If M is the mid-point OA,
OM=1, MO'=./3;0P=/9_4 = .5
sothat Op = i ++/3 j ++/5 k. If follows that

AP = OP - OA = —i +43 ]+ 5 k.

(B). a+20+] = 3(i +k), 2a+c—k = (i +]) are

9 T
inali 12 - 1=-_-=
inclined at an angle cos™ 18 cos™ 3"

N |~

a oa+f B a oa+f P
1 -2 1 1 -2 1

(D). = =4(a+3p)=0
3 2 -1 4 0 O
gives )
1 1 2n
0=-= and COtO=——"==6=—
(B). cos > and J3 3
2n
most general values = 2nnt -y
(D). px(pxd) = (PA)p—(PP)G=—-4q
V= —4px (px ) = -4[(PA)P- (PP)]

= +(4) (4) §=16g
(B).Given[abg] =V,

1 1 -2
[pGFl=[3 —2 1 |[abg
1 -4 2

(96)

(97)

(98)

=[1(-4+4)-1(6-1)-2(-12+2)]V,
V,=(-5+20)V, =15V, =K =15
Vy=2a+b-¢
(D). V, =1%8+3b-3¢ |,
V, =3a+2b-2¢

where 3,b,¢ arenon-coplanar.

2 1 -1
[V, V; Vi]1=|2% 3 -3|[abg]=0
3 2 2
but [abg] =0
2 1 1
= |22 3 —3|=0 whichistrue Vv A eR
3 2 2

(C). Theeguation of planeisof theform
2x-3y+6z+k=0

y

X . Y 4+ % _1and
712 -7/13 716

Given planesare

X y z _
-712 713 -716
Given plane lies midway between the 2 planes
It passes through 7/2-7/2, 7/13-7/3, 7/6 - 7/6 =(0, 0, 0)
. Equation of plane is2x -3y +6z=0

(B). A° (a,b,0),A¢° (a,b,2),B° (2,0,g).

B¢° (a,2,g),C° (0,b,g),C¢° (2,b,g)
.. According to condition given

a?+b?+g?+(a- 2%+ (b- 2% +(g- 2%=46

2a%-4a +4+26%- db+4+2g% - 4g+4=146
Soa2-2a+2+b%- 2b+2+g%- 2g+2=23

z

P(ouB.y)

X

L@-DP+b- D7+ (g-D?=20
. Distance= /20 = 2,/5

E
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(105)

(99) (D) Let 2=3i- k be vector paralel to 1st line and

=_i+2]j- k bevector parallel to 2nd line

=i (0+2)- j( 3- 1)+k(6) 2I+4]+6k
.. Equation of planeisof theform 2x +4y +6z+k=0
.. It passes through (-1, 2, 0)
"~ 2+8+k=0= k=-6

. Equationis2x+4y+6z=6, orx+2y+3z=3
(C) L et the components of the line vector be a, b, c.
Then &2+b%+c2=(63)2 .. 0]

a
Also -=—=— —k(say) thena=31,b=-2) and

3 -2 6
c=6A andfrom (i) wehave

N2+ 412 + 3612 = (63)2 = 4912 = (63)2

106
(100) (109

(207)

63
h=+22_ 19
= 7

Sincea= 3\ <0 astheline makesan obtuse angle with x-
axis, A =-9 and the required components are
—27,18,-54.

(A).Here, ¢ =cosB,m=cosp,n=cos6

(108)
(101)

Now, (2 +m? +n? =1= 2cos?0+cos’p =1

= 2cos’0=sin’B (109)

Given: sin’p = 3sin”6

— 200s%60 =3sin’0 = 5c0s°6 = 3

(C). Directionratiosof OPare(a, b, ¢)

.. equation of the planeis
a(x-a)+b(y-b)+c(z-c)=0
ax+by+cz=a+b%+c?

(B). Equations of the planes bisecting the angles

between the given planes are

(102)

(103)

2X-y+2z+3 3X-2y+6z+8

V224 (-D2+22 P4 (-2)2+62

= 7(2x-y+2z+3)= +3(3x-2y+62+8)

= 5x-y-4z-3 =0 taking the positive sign, and
23x—13y + 32z + 45 = 0 taking the negative sign.
(B).Letapoint (3x + 1,1 + 2, 2) + 3) of thefirstlinealso
lies on the second line.

A+1-3 A+2-1 2A+3-2

= (110)

(104)

Then, 1 > 3
Hence, the point of intersection P of thetwo linesis
(4,3,5)

Equation of plane perpendicular to OPwhere Qis(0, 0, 0)
and passing through Pis4x + 3y + 52 = 50

[ 240

(B).

i+y+E=1

a b c

Thismeetsthe coordinatesaxesin A (a, 0, 0), B(0, b, 0)
and C(0, 0, ¢).

So that the coordinates of the centroid of the triangle

Let an equation of the required plane be

b c
ABCare[3 3’ 3]:(1,r,rz)(given):a:3,b:3r,

¢ = 3r2. Hence the required equation of the planeis

Xy

—+==1 2% +ry + 2

375 or rex+ry+z=3r
(A).Givenplanesare 4x+2y+4z-16=0
and 4x+2y+4z+5=0

Distance between planes (1) and (2) is
-16-5 | 21 7

V16+4+16] 6 2
(B).Since 3(1)+2(-2)+(-1)(-1)=3-4+1=0
.. Given lineis L to the normal to the planei.e., given
lineisparallel to the given plane.
Also, (1, -1, 3) lies on the plane

1-2(-1)-3=0 ie, 1+2-3=0
whichistrue .. L liesinplaner.

x-2y-z=0if

(B). 1=

(5-3). |(Io )]

ql‘:lb al.|pxq].cos60° =

11 1
ABZ= -=
=0T

(C). Equation of any plane passing through the
3j+4k) =1 and

= AB=2

intersection of the pl anesr.(zf—

r.(f—])+4:0is 2X-3y+4z-1+L1(x-y+4)=0

or (2+A)x—(3+A)y+4z+4)-1=0

This planeis perpendicular to the plane
r(2i—j+k)+8=0if 2(2+2)+(3+1) +4=0
11432 =0= A=-11/3

Hence the required equation of the plane is
3(2x-3y+4z-1)-11(x-y+4)=0

= 5x-2y-12z+47=0

(A). Let 6 betheangle between theline and the normal to

the plane. Converting the given equations into vector
form, we have

T = (=i +3K)+ A (20 +3j+6k) and 7.(10i + 2j—11K) = 3

Here, b=2i+3j+6k and fi =10i + 2j—11k

| (2| +3J+6k) (10| +2]—11k) |

sing =
22+ 3+ 62107 + 22 +172 |
40| |-8 8 . ,1( 8])
7><15‘ ‘21‘ o1 O ¢ 2
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(1)

(112)

(113)

(114)

(115)

(B). Letimageof thepoint P(1, 3, 4) inthegiven plane be
thepoint Q. The equation of the linethrough Pand norma
X-1 y-3 z-4

]
Since this line passes through Q, so let the coordinates
ofQbe (2r+1,—r+3,r+4).
The coordinates of the mid-point of PQ are

L+4)
> .

This point lies on the given plane. Therefore, r = -2.
Hence (b) isthe correct answer because the coordinates
of Qare(-3,5, 2).

(B). Equation of the given plane can be written as

— 4 l + i — 1
20 15 -12
which meets the coordinates axes in points A(20, 0, 0),
B(0, 15, 0) and C(0, 0, - 12) and the coordinates of the
originare(0, 0, 0).
. thevolume of the tetrahedron OABCis

tothe given planeis

r
r+1, ——+3
(o

Joo0 o]
=lo 15 0 :€x20><15><(—12)‘:600
0 0 -12

x-1_ y+1 z-1
©). 5 =5 = =r(=w)
= X=2r+1,y=3r-1,z=4r+1
As the two given lines intersect,

2r+1-3 3r-1-k 4r+1

1 2 1

Fromsomevalueof r
wehave2r-2=4r+1= r=-3/2
Also, 3r—1-k=8r+2

k=-5r-3= E 3=g
= KETI=9= 5 2
(C). The coordinates of any point on the given line are
(2r+1,-3r-1,r)
The distance of this point from the point (1, -1, 0) is

givento be 4./14

= (21)2+ (=32 + (2= (4/14)?
=141 =16x14 =r=%4
So the coordinates of the required point are
(9,-13,4) or (-7,11,-4)
Out of which nearer the originis (=7, 11, — 4)
(A). Let 0 be therequired angle then 6 will be the angle

between zand p+¢

(b+¢ liesalong theangular bisector of 3 and p)

_a(b+0) 2coso.  cosa
" (@|b+¢| ~ 2+2cosn  cos(a/2)

cos0O

(116)

(117)

(118)

(119)

(120)

(121)

0 =cos* ( Cosazj
cosa. /

(B). Thetwo linesare parallel. We have
& =i+2j—4k, 3, =3 +3j—5k and b= 2i + 3j+ 6k
Therefore, the distance between the lines is given by

i ]k
_|bx(a;-3) |2 3 6
bl | |21 -1
JV4+9+36
|9 +14j-4k| <203 293
T Va9 Jao 7

(A). Let Z, m, nbethe DC of the giventheline. Then asit
makes an acute angle with x-axis, therefore ¢ > 0.

The line passes through (6, —7,-1) and (2, -3, 1), therefore
itsDRare
6-2,-7+3,-1-1or4,-4,-2o0r2,-2,-1

. . 2 1
DC of thegivenlineare 37373
P(x.y,2)
(11,0 A Lt
B (20,2

®).

o
=—i+j+ 10k

Linesintersect at (2, 0, 2) equation of the planeis

X-2 'y z-2
-1 1 0 [=0 = x+y-2=0
1 -1 2

© Lisx_l—y_o—z+2

-1 3 0

here L is along the vector —i + 3]

_ ... x=1 y-0

onIym(C)theIlnels_—l:— ;2=5

whichis || to the vector —j + 3]

(D).P;=P,=0, P,=P;=0and P;=P; =0arelinesof
intersection of the three planes P;, P, and P5.
As Ny, i, and ng are non-coplanar, planes P;, P, and
P5 will intersect at unique point. So the given lives will
pass through a fixed point.
3k+2 5k+3 6k+4

k+1 k+1' k+1

(D). Any point Pis

Kk 1

Q234 p

Q(3,5,6)

wyrm
I 241
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(122)

(123)

(124)

(125)

(126)

(127)

(128)

3k+2 13
Hence, ———=— = 15k+10=13k + 13
k+1 5
= 2k=3 = k=3/2
Similarly with other twotheratiois3: 2.
(B). TheDCof thelineare

£ = coso, m= CosP, N = CoSy .

Since (2 +m?+n?=1 .. cos’a+cos’B+cos’y =1

= dn’a+sin’p+sin®y =2
(D). Number of unit vectors perpendicular to alinein

spaceisinfinitely.
(C). Let the equation of the plane be

Herea=2,b=3,c=4.
Substituting the values of a, b and c in (1), we get the
required equation of the

laneas = +%+2=1or 6x+dy+3z=12
planeas -+ 2+ =L1or 6x+4y+3z=12

(C). Thepoint (4, 2, k) ontheline also lieson the plane
2X—-4y+z=17.
S0, 8-8+k=7 = k=7

(A). Let 3 and p bethe position vectors of the point
A(-1,0,2)andB (3,4, 6).

Then, a= {42k ad b=3i +4j+6k .

Therefore, b—a= 4i +4j+ 4k

Let 7 bethe position vector of any point on the line.
Then the vector equation of the lineis

F=—i+2k+21 (4iA+4]+4I2)
(A). Sincethedirection ratios of the normal to the plane
are 2, -3, 4; the direction cosines of it are

2 -3 4

\/22+(—3)2+42 ’\/22+(—3)2+42 ,\/22+(—3)2+42
_ 2 -3 4

"€ 2929 V29

Hence, dividing the equation 2x -3y +4z-6=0

i.e., 2x— 3y + 4z = 6 throughout by /29 , we get

2 -3 4 6
X+ + zZ=
V28" 28 29 T s
This is of the form ¢/x + my + nz = d, where d is the
distance of the plane from the origin. So, the distance of

6
the planefromtheoriginis E .

(A). Comparing the given equations of the planes with
theequationsA;x + B,y + C;z+ D, =0and
Ax+By+Cyz+D,=0

(129)

(130)

(131)

(132)

WegetA,;=3,B,=-6,C,=2, A,=2,B,=2,C,=-2

050 | 3x 2+ (-6)(2) + (2)(-2) |

@+ 0%+ (2222 + 22+ (-2)?)|
_| 0| 5 58 5.3)
T|7x2/3] 73 21 >1)
(B). Here, a=2i+5j—3k, N=6i-3j+2k andd=4
Therefore, the distance of the point (2, 5, — 3) from the
|(2i + 5] —3K).(6i — 3] + 2k) — 4|

|6 —3j+ 2K |

(
P |
0 = cos L

given planeis

[12-15-6-4| 13

T J36+9+4 7

(A). N, thefoot of the perpendicular from P can betaken
as (2v,1+2n, 2+3)0)

A(0,1,2)

P
(2,63

Directionratiosof PN are

2r-2),1+21-6), (2+3r-3)
Hence (2L —2)x 2+ (2L -5)2+ (3L -1) 3=0
S A=1 Hence N=(2,3,5)
(B). Vector along line of intersection of planesis

(i + 2]+ 3K) x (31 + 3] + 3k)
(B). Vector \7l along the line of intersection of
3x—7y-5z=1and 8x- 11y +2z=0isgiven by

[

T B i 3 -7 -5 PR
V. =h,xnh, = =-23(3i + 2j — k)
1772 Tle J
[lly vector \72 along theline of intersection of the planes
5x—-13y+3z=0and 8x—11y + 2z =0is

Pk
\72=ﬁ3><ﬁ4:: :1? 2:7(?+2’j+7|2)

now v,-v, =0 = angleis90° = sn90°=1

=
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EXERCISE-2
(C). According to the given condition, (6)
a.b+c¢)=0 . 0)
b.c+a=0 . (i)
c.a+b)y=0 . (iii)
Now adding (i), (ii) and (iii), we get (7)

2@.b+b.c+c.a)=0, {'.'a.b =b.a etc.}

Hence |a+b+c|*=a* +b* +c? +2(a.b+b.c+c.a)
=32 442452

=la+b+cl= 50 = 5v2.
(C). Let therequired vectorr =b +tc
Sr=(1+t)i+2+t)j-(1+2t)k

Also projectionof rona= ,/2/3

ra 2(1+t)—(2+t)—(1+2t)_\/§
Tlap VR Jo K

=>-1t-1=2=t=-3 . r=-2i—j+5k

(A). (ax b)2 = [ax b] = (ab sing)?

= a?b%sin? 0 = & b2 (1 — cos? 0) ®)
= a2 b2 - (ab cos 0)2 = & b? - (a.b)?
2
& a &
©).w | P b2 D3| —pzpg2
G C C3 ©)
={(@axDb).g? =|axbP | cos0°
“+ (Axb) ispardle to ¢
ARIER a2 s 1 22
=|al*|blcsn“=(-|C|=1) ==]al|°|b
|al”|b] 6(||)4||||
A3
(A). o -
o M B
OM = component of & along b
MA = component of a perpendicular to b
A OMA O‘O—M
=cos0="
(10)

= OM =|OM |=|OA | cos6 = |a| cosd
+ ab=|a||b|cosb =|b|(OM)

oM | (abl b [(ab)-
oM =101 5
OM +MA =0OA -- MA =0A-OM

|ﬂl

(B). F:i{(é+5)><(5+6)} and unit vector T =

=l

where, 7 isavector whichis perpendicular to
(a+b)& (b+¢) both.
C).Let x = x1f+ x2]+ x3I2
Lxoxd = xq (i x )+ Xo(Gx 1)+ xg(k x1)
= xR xg]

= ix(Xx1)=—Xy(i xK)+X3(i x )

= X2]+ Xslz ......... (1)
Smilaly, jx(XxJ) =X +XgK e @
|A(x()?x|2)=X1iA+ XZ] ......... 3

By addingeg. (1) + (2) + (3)
LHS= 2 (x4i + Xp] x X3K) = 2X
(B). a=2i—mj+3mk & b=(1+m)i-2mj+k andif
angle between aand b isan acute, then ab>0

= 2(1+m)+2m?+3m>0= 2m?+5m+2>0
= 2m?+4m+m+2>0= (2m+1)(m+2)>0
= m<-2orm>-1/2

(A). Givenlineis,
F=Q-2j+3K)+A (i—j+4K) o 0
and 7.(1+5+K)=5 e )
a=(2i - 2j+3K)
By (1) = A
b=(i—j+4k)

By =f=(+5+k) - bi=0
Therefore, the line is paralel to the plane. Thus, the

distance between the line and the plane is equal to the
length of the perpendicular from a point

a= (2iA - 2] + 3|A<) on the line to the given plane.
Hence, the required distance
|@-2j+3k).(+5]+k) -5 10

1+52+1 )
| s | 33

(A).Since, 3 b& ¢ arenon-coplanar

. bx¢ Cxa axb areaong non-coplanar.

So, any vector can be expressed as alinear combination
of these vectors.

Let, F=A (bx€)+p (Exa)+y (axb)
ar

[abg]

. ar=r[abe+pn(0)+y (0) = A=

[4
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. b.¥
Similarl A =——& 7=
Y H Eeg T

If T=athen & (bx€)+pn (Exa)+y (@xb)=2a

& (ad) (bxc)+(ba) +(ca) (axb) = alabd

(1) (D).-: |a+b|=|af +|b]? +2(ab)
=1+1+2cosa
=2(1+cosa)
=2(2cos? al2)
|a?1+5|=2|cosg|<1:>|cosg|<1
2 2 2
= %< o< 2?71: A
(12) (C). DA.CB = DB.AC =0 = DA LCB
and DB L AC.
Hencethepoint D is P
orthocentre of A 4BC. B 9
_ (b x c).[(c xa)x(a x b)]
(13) (B).Ipqrl=p-@xr) a.(bxo)f
(b xc¢).[{(c xa).b}a —{(c xa).a}b]
[a.(bxc)]?
_ (bxe){(cxa).bla]
= [a.0bx o) , {'.'(c xa).a=0}
_bxo)f(a.(bxc)ja] [a.(bxc)][(bxc).a]
[a.(bxc)] [a.(bxc)]
1
T a.bxc
(14) (D). LetthepointQbex,,y;,2,; N=2i—2j+k

OQ+1t N =xyi +yyj+ 25k +1 (2i — 2] + k)
= (X +20) i+ (y -2t j+(z +t) Kk

Now, x; +2t,y; —2t,z; +tlieson2x-3y +z=3
2(xg+20)-2(y,—2t) +z, +t=3

2X—2y1+Z;+4t+4t+t=3 = 1+4t+4t+t=3
\__w_—/

9=2= t=2/9
i j k
(15 ©).vxw=[2 1 -1|=3i-7j-k
1 0 3
. . ) U_3i—7j—k
But y isaunit vector, - N

32472 +12
Hence, [U VW] = ———=+59 |

V59

(16)

(17)

(18)

(19)

(A). Equation of the plane containing § and i +j is
[r—iii+jl=0 =@-i).[lixi+j]=0
S[x-Di+yj+zk]. k=0 =z=0 ... (i)
Equation of the plane containing i —j and j + k IS
=>[r—G-j) i-ji+k]=0

=S (r—i+j).[i-j)xi+Kk)]=0
S[x-Di+@+1Dj+zk].(-i-j+k)=0

()

Let a =q,i+a,j+a;k. Since a isparalel to (i) and (ii)

=>x+y—-z=0

ay=0 and a; +a, —a; =0 = a; =—a,
Thus avector inthe direction of a isu=i-j.
If q isthe angle between a and i-2j+ 3k, then

cosq -+ WOFEDED) 3
Vi+11+4+4  (2)0)

1 p 3p
=c0sq =t—==0 = o 22
> 4 O,

(A). a=4i+2j-4k=|a| =416 +16 +4 =6
b=-3i+2j+12k =| b| =144 +4+9 =157
c=-i-4j-8k=|c| =464 +16+1 =9

Hence perimeter is 15 + /157 .
(D). Resultant vector = 2i + 2j + 2k.

1 1 1
Direction cosines are (f —3 —3]

x+1 y+3 z+5
= = =1 i
3 5 = . @)

Then x =31 -1, y=51-3,z=71 -5
General point onthislineis 31 —1,51 -3,71 -5)

(C). Let

-2 y-4 z-6 .
= = =m
1 3 s -m (i)

Then x=m+2,y=3m+4,z=5m+6

X X
Again let

A general point onthislineis (m +2,3m +4,5m + 6)

For intersection, they have a common point, for some
valuesof 1 and m, wemust have 31 -1)=(m +2),
(51-3)=@m+4), (71-5)=(5m+06)
Fromfirst twowehave, m =31 -3
and 3m=51-7 (V)
From (iii), put thevaluesof m in(iv),

wehave 331 -3)=51-7

1
=91 -9=51-7 Or 41 =2 or ':5

1

3 1
1 =— in(ii N ing 1 =—
Put > in (iii), weget m 3 (Putting 2)

[¢
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(20)

(21)

(22)

The required point of intersectionis

3J 3]

(D). Equation of any plane passing through (0, 1, 2) is
ax -0)+b(y—-1)+c(z-2)=0

Plane (i) passes through (-1, 0, 3), then
a(-1-0)+b0-1)+c3-2)=0

= —a-b+c=0=a+b-c=0 (ii)

then 24+3bh+c=0
Solving (i) and (iii), weget a = -4k, b = 3k,c = —k
Putting these valuesin (i),

—4k(x)+3k(y - 1)—k(z—-2)=0
= 4x+3y-3-z+2=0
= 4x+3y-z-1=0 =2 4x-3y+z+1=0.
(C). Letl, m, narethe d.c’s of the line. As line is present

on both planes, so this line should be perpendicular on
the normal of both plane.

SO, 47/+4m—5n=0 ad 8/+12m —13n =0

/ _ m _ n
P bicy —byey  ciay —cyap arh, —ayb,
/ _ m _ n
= 4(-13)-12(-5) -5@)—-(-13)(4) 4(012)-84)
L Lom_n
8 12 16
As|l, mand n may not be simultaneously zero.
So, taking a,b, —ayb, #0 and 47+ 4m =12
8/+12m =32

Suppose point (x,y) liesinthis plane.
So, putting (x,y) in place of (/,m)
4x, +4y, =12 and 8x, +12y, =32

Onsolving, x, =1,y, =2
So, equation of lineis,

x—liy—27i0rx—17y—27£
8 12 16 2 3 4
. X y z
(B). Let the equation of plane be PR L,
11 1
1 _ -
where-____—____or a_2+b_2+c_2_1 ...... @

>[5

a

Now according to equation, * = =

Put the values of X, y, zin (i), we get the locus of the

centroid of thetriangle Lz + Lz + LZ -9,

X y z

i, k=9.

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(A). Theequation of plane, inwhichtheline

x—5_y—7_z+3 X .
1 4 s liesis
Ax-5)+By-7+Cz+3)=0 ... 0]
Where 44 +4B-5Cc=0 e (i)

x-8 y-4
7 1 3

Also, sinceline

“74A+B+3C=0
C

By (ii) and (iii), we get %: YRy
. Therequired planeis

17(x =5)=47( = 7)+(=24)(z +3)=0
= 17x-47y-24z+172 =0.

0(1,-6,10)

C(7,-4,7)

A _
1-a7) (5,-1,1)

1 = —
Volume of tetrahedron= E[OA OC OCl=11 =2 =7

- 2
(C). [abe* ***3 =1 butx2+ x+ 3+ 0becauseD <0

[abgl=1 ~alblc

(B). 33+ 4b+5¢=0 .. @D, ¢ arecoplanar.
. bx¢ and ¢xa arecollinear.

1._-. . -
(©). E[abC] =3 (Given) ; [abg]=
Vol.of ||pipe=[a+b b+¢ ¢+3]=2[ab¢]

=2x18=36

11 m
a1 1 meL g

1 -1 m

I(m+m+1)-1(m-m-1)+m(-1-1)=0
2m+1+1-2m=0 ; 2=0
coplanar for no value of m.

(A). a,b,¢ arecoplanar therefore,

Xa+ yb+z¢ =0 wherex,y,z#0

xaa+yab+zac=0
Xat+ybc+z66=0
a b ¢
A=|aa ab ac|=0
ac bt Gt

wyre
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(30)

31

(32)

(33)

(34)

x-a_y_z  X_y-b_z
(©). 0 ¢ and 0 b —C
aD.— (az—§1)-£51X52)
|y x by |
”_ (al — bj).(~bci + agj + abk)
\/ a?b? + b?c? + c%a®
B 2abc B 1
\/a2b2+b202+02a2 \/1+1+1
a> b® ¢
o distance=1

(B). Since 3, b, ¢ arecoplanar

.. 2a-b,2b-¢ and 2¢—a arealso coplanar.

. [2a-b,2b-¢ 26-34] =0

(A). Let Q be image of the point P(5,4,6) in the given
plane, then PQisnormal to the plane. Thedirectionratios
of PQare1,1,2.

Since PQ passes through (5,4, 6) and has direction ratio
112 P

Therefore, equation of PQis £7
R

L x=r+5y=r+4,z=2r+6 Q
So, co-ordinates of Q be (+5,r+4,2r+6)
Let R be the mid point of PQ then co-ordinates of R are

r+5+5 r+4+4 2r+6+6) . r+10 r+8 2r+12
5, 5 > 5 1.e,

x=5 y-4 z-6
1 1 2

r, (say)

s s

2 2 2
Since R lieson the plane

+2(2r;12J—15 -0

= r+10+7r+8+4r+24-30=0= 6r+12=0=r=-2
So, co-ordinatesof Qare (3, 2, 2).
Fromoption (A) , midpoint of (3, 2, 2) and (5, 4, 6) satisfies
the equation of given plane.
(D). Equation of plane bisecting the angle containing
origin is (making constant term of same sign)

-3x+6y—-2z-5 . 4x —12y+3z-3
V32462422 V4?2 +122 432

3x+6y—-2z-5 4x-12y+3z-3
7 - 13
or 67x—-162y+47z+44 =0.
(B). Let side of thecube=a
Then OG, BEand AD, CF will befour diagonals.
dr’sofOG=a,a,a=1,1,1
dr’sofBE=-a,—-a,a=1,1,-1

r+10 r+8
2 2

(35)

(36)

(37)

dr’sofAD=-a,a,a=-1,1,1
d.r’sofCF=a,—-a,a=1,-1,1

Letd.r.’sof linebel, m, n.

Therefore angle between line and diagonal

N (0,0,0)
J&=° B(a,0,0)
(a,a,0)
(0,0,0) G
D
(0,00)
X X
/ A
(004 (a,0,0)
z £ (a,g,a)
l+m+n l+m-—n
cosa = ,cos b = ,
V3 NE)
—l+m+n I—m+n
cosg =————,cosd =
NEY NE)

= cos’a +cos’ b +cos*g +cos*d

:%[(l+m +n) +(+m —nY +(=I+m+n) +({—m+n)]

=4/3.
-2 y+1 z-2
3 4 12

(3t+2,4t-1,12¢+2). Thislieson x —y+z =5

(D). Any point on the line al =t is

L3t+2-4t+1+12t+2=516, 111=0=¢=0
- Pointis (2,-1,2) . ltsdistance from (-1,-5,-10) is,

=JQ+ 1P +(=1+52 +Q2+10 =0+ 16 + 144 =13 -
(A). Equation of plane passing through the point
(2,-1,-3)
Also, A(x-2)+ By +1)+C(z+3)=0
Also, 34 +2B-4Cc=0 ad 24 -3B+2C=0

. A_B _C _
8 —14 -13 k, (Le)

SO, 4 =-8k,B=-14k,C=-13k
Equation of required planeis,
—k[8(x —2)+ 14 +1)+13(z+3)]=0
i€, 8x+14y+13z+37=0.

x-1 y+1 z-1

. = =\
®) 2 3 4
= x=2 +1,y=3\A-landz=4r+1
x—3_y—k_E_
1 2 1

= x=3+W,y=k+2uandz=p

Since above lines intersect

20 +1=3+U .. (1) 3 -1=2u+k
M=4d+1 L 3

Solving eg. (1) and (3) and putting the value of A and
pin(2) = k=92

[3
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(38)

(39)

(40)

(A).Let a=xb’ ye+z—

{ Aswe know any vector in the space can be represented as
linear combination of three non-zero non-coplanar vectors}

(A). Let ¢ betheunit vector along ¢ .
Then from the equation of the bisector,

" ST+4] .
C+ ——=—=—= = A(~i + j—k) for somenon-zero j.
3+ 42

6 8 9 16
=322 (575) " (" ) 70

2 2 2
:>3x2—x.g+o=0:>x(3 ——j =0 - 3 =0or —

15

2
As ), =0isnot admissible, therefore putting ) = -—

15
in (1), weget
. _(_£_§ja (E_ﬂj? 2
¢={"15 5)i *\15 5)) " 15k
= —EZ@]—EE = —i(11T+1o]+2R)
15 15° 15 15

- -
(D). The vector normal to the plane of AB and CD is

- o
ABxCD =

=i(-2+3)-j(8-6)+k(-4+2)= i-2j—
. The magnitude of thisvector is \/1+4+4 =3

- -
Hence the vector normal to the plane of (AB, CD) of

-2Kk) .
Now to find out the position vector of P, we need to find
the equations of AB and CD.

magnitude = 15 unitswill be’5 (i —

Now, the equation of AB is (by using F =a+tb)
=97 — |+ 7k +t(4i — j +3K)
= T(Q+4)+ j(t-D+KEB+7) e @)
Similarly the equation of C_IS is
—2j+7k+(2i — j +2k)
= (7+29+ |(-5—2)+K(25+7) e )

Therefore for the point of intersection P, we shall have
9+4t=7+2si+1=s+2and3t+7=2s+7.

Now solving them, we gett=-2,s=-3.

Hence puttingt=—2in (1) or putting s =—3in (2), we find

that the position vector of Pis i+ j +k

Let O bethe origin of reference.

N
Now, the position vector of Qi.e. OQ is

O_)PTO_)Q—T+]+R+5(T—2] ZR)

=60 —9] -9k =3(i —3j-3k)

(C). Given: A(B+C)=0

= AB+AC=0 )
B(C+A)=0= BC+AB=0 o )
C(A+B)=0= CA+CB=0  -eremm ©)
Adding, 2(AB+BC+CA)=0

= AB+BC+CA=0 %)

Subtracting (1), (2) and (3) successively from (4) we get
BC=0.CA=0.AB=0-

Thus A, B, C are mutually perpendicular vectors.

Hence A, B, C arethe edges of arectangular

parallelopiped & | A + B+ C| isthelength of itsdiagonal.

Given: |A| =3, |I§| =4, |C| =

- Length of the diagonal of the rectangular

parallelopipedis \/32 , 42 ;52 =5./2.

==
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(43)

(44)

__A

(A).Let § = (by, by, by)
TR

Then A8 = b, b, by

= T(b3—b2)—](b3—bl)+R(b2—bl)

Since, AxB=C=(0,1, -1)

Therefore by—b,=0,b; -by=1,
b,-b;=-1.

Solving these equations, we get
b, =1+bgandb, =D,

Also, AB=3 =Db;+b,+bs;=3.

Hencefrom (1), 1+bgy+bgy+by=3

=3b;=2=by;=2/3.

N

_5 —_— —_—
=5 adb,=by= .

2
b1:1+b3:1+ 3

3
Hence B :§T+g—j+gﬁ

3 3 3
(D). Let ObetheoriginandP(1,1,2),Q(2,3,5) and
R (1, 5, 5) bethe given points, then

OP=i+j+2k, OQ=2i+3j+5k and

ﬁ:7+5]+5ﬁ

Now, PQ = OQ—OP = (2i +3]j +5k)— (i + j + 2K)
= (T+2]+3R)

PR=0OR-0OP=(i +5]+5k)— (i + ]+ 2Kk)

=0i +4]+3k=4j+3k

R(L5,5)

AN =
w w X

P(1,1,2) Q(2,3,5)

= (6-12) i —(3-0) ] + (4-O)k = -6i — 3] + 4k

1 —
Hence, areaof A PQR = EIPQX PR|

L6 —3j+ k)| = %\/36+ 9+16

2
1 .
Eﬁ Q. units

(45) (C).Let|al=a, |b|=band|E|=c=1.
Now the volume of the parallel opiped whose coterminal

edgesare 3, b, ¢ isgiven by

[abe]=

&
by
]

& & 83
by b, bs
G C C3

2
a a3
b, bs

- 2
=|labéc
b b [abe]

Now ¢ isaunit vector perpendicular to both the vectors

aandb.

But axb=

& a8 &
by b, bs

=i (agbz —agh,) - ] (a4bg —aghy) + R(albz —aphy)

| ax

ol

= (@b — agb,)2 + (aybs — aghy)? + (auby — apby)? -.(3)

Now, from (1) and (2), [a b €]* = ‘ axb ‘2
= (aphg - a§b2)2 + (ayhs - a%bl)z + (ayh, — a,b,)?

=(a’+a

+a,?9) (b2 + b2 + b3
- (ayby + &by + aghg)e (4

4
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(46)

But the angle between 3 and b isg

Therefore é_5=|é||5|cos%

= ayb; +ayb, + astis

\/al+a2+a3 \/b1+b2 b2 f

= (ajb; + &b, + aghy)?
= (612 + a22 + a32) (b12 + b22 + b32) %
Hencefrom (4),
[aDb¢)? = (a2 +a%+a) (b2 + b2+ by?) (1-3/4)

= %Zalz Zb12

(C). Take C asthe origin. Let the position vectors of A
and Bw.r.t. Che 3 and p respectively.

Then the equation of AD and BE are

If they intersect at P, we must haveidentical valuesof ¢
from (1) and (2).
Comparing the coefficientsof 3 and p from (1) and (2),

tl-t= st =1
we get1— = 43" -s.
Solving them, we get t = gands—E
ving them, we gett= 3, 11
Putting for t or sin (1) and (2), we find the position vector
ofpas 2% 3
11
Let PdivideBEintheratioof k : 1.
Then the position vector of P will be
k§+]5
4 )]
k+1
Comparing (3) and (4), we get
a - -
kytP_2av3 k2 1 3
1 11 Ak+D) Tn M

From the second equation, we have
3k+3=11=3k=8. .. k=8/3.
This also satisfies the first equation.

Hencetherequiredratiois8: 3.

(47)

(48)

(49)

(A). If OA =2, then OB =4 and OC = 6 units
6B=6K+%K6+%K§=2T+ﬂ+3ﬁ

66:66+%6§+%§??=T+ﬂ+6k

A 0}
: D
Cf—: ,
A
:'"B:: """" (0%
o A
. 0OD.OD" 24
cosDOD' = ED(E =
|OD||OD’| ~ /697

(C).Nowin AABC

BD _a . BC=(a+b)k
DC b =(a+h)

(BC)?=(AB), +(AC)?> - 2AB .AC cos6
= (a+hb)2k?=a2 + b? - 2ab cos

. BD=ak,DC=bk .

a? + b? — 2abcos0
(a+ b)2
In AADCand AABD

s k2=

6 b%+(AD)° - b?k? a?+ (AD)” - &’k
s = 2bAD B 2aAD
= (AD)2=ab(1-k)2
. a2 + b2 - 2abcos0 | _ 4a°b’ cos”§
(a+ b)2 (a+ b)2
2ab cos%
R (ab+ ba) ab (éJr@
AD =+ (a+b) lL(eurb)ka b
R .
ab (. - ~ ab__[a+D)
+—(a+b)] . AD=—=+
(a+b) ( ) AD Zcos%

(A). Since a, b and arenon coplanar
F=xa+ y5+ z(éx 5)
for somescalars x, Y, z

Now b=F x &

YT
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(50)

(51)

- b= {xa+ yb+z(

gm
0-1

SN—

=
X
oY

. b=y(bxa+z(a.a)b [ a.b=0|
Comparing the coefficients, we get
1
y=0and z= m

Putting the values of y and z in (1), we get

F=xa+ __(axb
OOl
(B).(a)ajz— =a; = f(X)=3(x-2,)?20

f(x) =3x%- (al+a2+a3)x+ala2+a2a3+a3a120
fordlxeR

:>(al+a2+a3) —3(a%a2+a2a3+a3a1) <0

= (8- ay)2 + (ay—3g)° + (83— 3,)?<0

=8 T8 =a3

.. Statement (a) iscorrect
(b):Letf(x)=€*-x-1
frix)=ef-1
S ' (x)>0fordlx>0f"'(x)<0fordlx<0
S f(X)>0foral x=0
.. Statement (b) is correct
(o) Letf (x)=ax3+bx2+cd+d
f()=a+tb+c+d=9
Number of +veintegral solutions=9%-1C, , =8C,=56
.. Statement (c) iscorrect.
(d) axb=¢xd
axc=bxd
ax(b—¢)=(c-b)xd
(a-d)x(€-b)=0= (a—d).-b) =0
(C).(A) a(b-¢)=0

= either b= ¢ or angle between 3 and p—¢ is90°
= (A) isnot correct.

(B) ax(b-¢)=0

= either b=¢ or a and b—¢& arecollinear

= (B) isnot correct.

(C) a(b—¢)=0 and ax(b-¢)=0

eitherb=2¢
ar(b—o) = 900} and

ol T}
o O

/T( —_C)ZO;

a and b—¢ arecollinear. Hence, b=¢
(D) D istrue, refer reciprocal system of vectors.

(52)

(53)

(54)

(C). Thevector equation of theline through the pointsA
andBis T = 3i + 4]+ k+ A [(5-3)i + (1— 4)] + (6—1K]
ie, T=3+4j+k+x (2 —3j+5k)
Let P be the point where the line AB crosses the XY-
plane. Then the position vector of the point P is of the

form xi+yj.

This point must satisfy the equation (1).

i.e, Xi+Yyj=(3+2L)i +(4—31)]+ (L+50)k

Equating the like coefficients of f] and k , we have
x=3+3L ;y=4-3%; 0=1+5)

13
Solving the above equations, weget X = 5 and y=

2
5
13 23
The coordinates of the required point are 5’ g

(D). V;,V,, RS areinthe sameplane.

(21 —3)+3K) x (=3 +K).[(x+2) i + (y -1+ k] = 0= (D)
P(1,1,-1)
V,=2i- +3k V=g ek
Q@02 R(-2,1,0)
S(X!yvz)
Actual planeisx + 11y + 32 =6.
z+ =
(A).Thelineis X=2_Y=1_""2 _
1 1
2

line passes through 2f+]_%|2 and isparallel to the

vector v/ :f+]_%|}

@, 1,-1/2)

vector normal totheplanex + 2y + 6z2=10, is
A=i+ 2]+ 6k

~V.n =1+2-3 =line(1)is||totheplane

=
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2+2-3-10 9

J1+4+36 | - Va1

(55  (A). ‘

sod=

Area= %\/azbz +b%c? +c?a? = %\/64+144+ 576

= 16+ 36+144 = /196 = 14

(56) (A). Both the lines pass through origin
LineL, isparallel to the vector

V; = (cos8++/3) i + (+/2sin0) j+ (cosd —/3) k
and L, is parallel to the vector

v S o7 cosa. —\71'\72
V,=ai+bj+ck .. TS
2=a+D+ M

a(coso + \/5) + (b\/i) sino + c(coso — \/§)

\/a2 +b? +cz\/(cose+\/§)2 +2$in26+(cose—\/§)2

(a+c)(cosb +b2sin6+ (a—c)v/3
- Va?+b? +c?J2+6
In order that cos a. is independent of 6

atc=0andb=0

2a\/3 V3 T
a2z 2 ~ %76

- cosoL =

i X y z a B oy
X —+=+—= —+—+=—=1
(57) (C).- Plieson 2 b e 1= 2 bt

The Dr's of normal to the plane perpendicular to OP are
the same as the DC's of OP which are proportional to a,

B, y dso, this plane passes through P.
= Itsequation will be of the form
a(x-o)+py-p)+y(z-y)=0
Sax+py+yz=al+p+y?
Thismeetsyz planein A

(a2+B2+y2,o, \

==

l+p+A=2+t = A+pu-t=1
=S 1+A-2u=-1l+t= A-2u—-t=-2
A+3u=3+t=>A+3u-t=3
= A=tandp=1
= Infinite solutions
= Plane and line intersect at infinite number of points
= Linecompletely liesin plane.

(A). 3a-2b+5¢—6d = (22— 2b) + (-5a-+ 5€) + (6a— 6d)
=—2AB+5AC-6AD=0

AB,AC& AD are linearly dependent, hence by
statement-2, the statement-1 is true.

(B).S1:|a-bP=|af +|b? -2|a||b|cosd
=2(1-cos0) (- |al=|bl=2)

- 226n22
2

. 0 |a-b]
.o SIN—=
2 2

S-2 : Numberof vectors of unit length perpendicular to
(axb)

|axb|
(A).S-1:(1,2,-1)isapointonthelineand 11 +3-14=0
.. The point lies on the plane 11x-3z-14=0
Further3x11+11(-3)=0

.. Thelineliesinthe plane.

S-2: Trividlytrue.

thevectors @& b aretwo, i.e. +

i
(D). S2: T x (i +2j—3k) = | x
1

k
z

N < —

-3

f(—3y—22)—](—3x—z)+f<(2x—y)
so=3y-22=2,3x+z=-1,2x-y=0

ie, 6x-2z=2,3x+z=-1
.. Straightline 2x-y=0, 3x+z=-1
P
S1:Tx(2-j+3K)=|x vy
2 -1

w N X

= f(3y+z)—](3x—22)+|2(—x—2y)

5o 3y+z2=3,3x-22=0,-x-2y=1
3X-2(3-3y)=0=>3+6y=6=>x+2y=2

Now, x +2y =-1, x + 2y = 2 are parallel planes

" Fx(2i—j+3K) =3 +k isnotastraight line
(D). Statement 1 isfalse and statement 2 istrue.

Since a(bx¢) =0 . a b, ¢ aecoplanar.
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(64) (A).
3a—2b+5¢—6d = (24— 2b) + (-5a+ 5¢) + (62— 6d)

(i) A, =3 —3j+k and fi, =i —j+ck

AN, |:| 3:3+¢c |
now cos 45 :||ﬁ1|-|ﬁ2|| ‘\/E\/2+02‘

5. 2(6+0)2=19(2+c?®

= —2AB+5AC-6AD =0
AB,AC& AD are linearly dependent, hence by

statement-2, the statement-1 is true. 2(36+C2+12¢) = 38+ 19c2
| 2-32 | 17¢?-24c-34=0
(65) (D).Sin6= = product = — 2 Ans.
|\'4+9Jr \/7| \/—1 (iii)x=t+1;y=3t—2andz=-t+7
Statement 1 istrue, statement 2 istrue by definition. They must satisfy then equation of plane 'P

(66) (B).Statement 1:3y—-4z=5-2k; -2y+4z=7-3k X1 y+2 7-7

Limg="3 71

=t

31-13k . . .
 X=ky=12-5k,z= isapoint onthelinefor

all real valuesof k.

Statement istrue.

Statement 2 : Direction ratiosof the straight lineare
<bc'-kbce, kac-ac’, 0 >

Directionratios of normal to beplane<0, 0, 1>
Now 0 x (bc'—kbc) +0 x (kac—ac)+1x0=0

*oYoZo) p.3y _ 3y+z-2=0

Thestraight lineisparallel to the plane. 3(t+1)-3(Bt-2)+(7-1t)=2
Statement is true but does not explain statement-1. —-7t+16=2 =>t=2
(67) (B), (68) (A), (69) (C). hencex,=3;yy=4,2,=5
A A A aA A A = (Xp+Yg+tZy)=3+4+5=12
0 31{(2;+3]_6l;)_(2l—371+6k)}2l—371+6k (73) (C).a+1=3= a=2; a,+0=1= a,=1
AQ-14) B(1,0-1)

41 -~ ~ -
=—(2i -3j+6k
49( j +6k)

T (=21 + 3]+ 6k)) (=2 +3j + 6k) A
=92 3’+6k)L 7 7 D) a2
A B-1=7= =8
_ 4 j + 6Kk) D(218
(@9 @19
- |(AB)x (AD)
_%(z j — 6k) |AB| |’
49

Mo e AB=i-]+5k, AD=0i+2j+4k
(i) 8y.b = —(2i - 3j+6k).(2i — 3j+6k) = —
49 : ]
(i) 3,3 and p arecoplanar, because 3 and p are ABxAD=|1 -1
collinear. 0 2
(70) (C), (72) (B), (72) (A).
(i) Plane P will contain the point M (-1, -1, 2) and dr’s of
its normal will be proportional to (3, -3, 1)

N 0 X

= (~4-10) i — (4)] + (2)k = —14i — 4] + 2k

. equation of the plane P is =-2(7i+2j-K)=2/2
3x+1)-3(y+D+1(z-2)=0
P:3x-3y+z-2=0 (D
Q:x-y+cz-1=0 (2
If Pi ale h 3—1:>C—:L
ispar to Q then 1o 3
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(749 (B). n= |+2] k isnormal to plane Vectoralongtheline\7:2?—2]+I2
- P=(62-12) Vector along theline ﬁ:3iA+2]+6I2
™ P(82-12) . 6-4+6 8 . _1[ 81]
- Sno= =— . 0=9n"| —
T JoAfa9 21 2
_h (79) (C), (80) (A). (81) (C).
A I_l:x—lzy—0:z+1; LZ:X_4=y_5=Z+2
(2,-1,4) 2 1 1 1 4 -1
\71=—2f+]+IA<, \72:iA+4]—A
AP=6i +3j—16k
Dist oA coso= |24l L g cos‘l( 1 J:(C)
.. Distance == = _—
J6+18| 643 6v3
|AP”|_|42+6+16|_ 64 %:ﬁ Equation of the plane containing thelineL, is
TRl Va4l VB4 3/ 18 9 A(x-4)+B(y-5)+C(z+2)=0 (1)
(75) (D). Vector normal tothe planein RHS whereA+4B-C=0
. P since(1) isparalel toL ;
ADXAB=+2(7I+2J—k) hence—=2A+B+C=0
Projectionof xy=2,yz=14,zx=4 A B c
(76) (B), (77) (A), (78) (A). =——= =A=5k;B=k; C=9k
Equation of the plane through (0, 0, 1) : (2,0, 0) ; (0, 3, 0) 4+1 2-1 1+8
hence equation of plane P
is ~+X+ 212 ax+2y+6226 .. 1) 5(x—4)+y-5+9(z+2)=0=>5x+y+92-7=0=(A)
2 31 Distance between Pand L, is

_|5+0-9-7|_ 11
|\V25+1+81] +107

— 8’.‘ ’: ~
EquationofLisr=§|+OJ+k+7»(2| 2j+K) ..... )

8 -
p.v. of any point on (1) is (27»+§];—27»,7»+1 (82 343 V=Ax((ABA-(AA)B)C
Thislieson3x +2y +6z=6 ( A

g LAX(AB)A (AA)AxB)J _|APIA B ¢
3(2%+§)—4k+6(k+1):6;8x:_8 =Ai=-1. zero
HencePis(2/3,2,0) Now, |A [P=4+9+36=49
4 241
DistanceoforiginthenPis,/§+4— \é_ 2 3 6
o [ABCl=l1 1 -2

Vector perpendicular to given planeis i, = 3i + 2j+ 6k 1 2 1

Vector perpendicular to plane 2x +y—-2z=51s
perp P y =2(1+4)-1(3-12) +1(-6-6)

Ay =2i+]-2k =10+9-12=7

A vector along theline of intersection of both these plane —|A|2 [A B C]|-49x7-343

i ]k o ) o
is Nyxn,=/3 2 6 (83) 6 a+2b+3¢=0= axb+3xb=0
2 1 -2 .. axb=3bx¢
axC+2bxc=01€ 2bxc=¢xa

=i (~4-6)— ] (-6-12)+k (3—4) = —10i +18] -

Hence a unit vector along the line of intersectionis .
(84) 2.

~10i +18j -k _ L
t— Volume of the parallelopiped formed by 3@’ p’. ¢’ is4.
5\/ﬁ p pip y &',b’,C

. Volume of the parallelopiped formed by 3, b, ¢ isl/4

e
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(85)

(86)

(87)

Bxé:(c xa)xczlal
4 4
=~ 2 1
bxe=YS-_—
4 22

1 1
; = —XN2=——
Length of altitude 4 B

cl
N
X
cl
Il
=
X
cl
Il
<

llly Dotwith Cx A givesy=

o BxC).(A x B)
and dot with gives (a—“
AxB [ABCl
1 -2 3
Now[ABC]=|2 1 -1|=1(1+1)-2(-2-3)=12
01 1

We have B2C? - (B.C)? = (6) (2) - (0) =12

=2y
ST 12
BC BA 0 -3
|CC CA| |2 1] 0-(6)_1
Y= T 2 2
BA BB -3 6
_|CA CB| _|+1 0] 0-(6) -1
2T T 12 1

Hence, 100x+ 10y +8z=100+5-4=101
E=(2a+b)[2]|b[? a-2(ab) b—(ab)a+|af +b]

ah_272_ 0. . . -
a BN |a|=1|b|=1; ab=0

E=(2a+b).[2|b|a+]|af] b]

=4|aP|bP +|af @b)+2|b? (ba)+|aP|bf?

=5|af|bP=5
(88) 9. (F-¢)xb=0
F-¢=Ab=F=C+Ab;LeR - Ta=0
= (E+Ab)a=0
= (((+2]+3K)+A (=i +]).(~<i—kK)=0
= (-2 i+@2+1)]+3K).(-i—-K)=0
= A-1-3=0=r=4
So, Th=(-3i+6j+3K).(~i +]) =3+6=9
(89) 3. |a-bP+|b-CP+|c-af=9
L= .- 3
= 6—22ab:9:>2a_b:—§ (D
|a+b+¢P>0 = & +25ab>0
-3
Tab>-2
= 2
For equality |a+b+¢|=0 = &a+b+¢=0
5b+5¢=-5a ; 2a+5b+5¢=-3a
|2a+5b+5¢|=3|a|=3
R Q
T
(90) 10. (@, B,7)
S P
Areaof base (PQRS)
ik
- LmRxsoi=is 1 -
) T2
1 -3 -4

=%|—10T+1o]—10|2|:5|T—]+|2|=5ﬁ

Height = proj. of PT on

iA—’j:+|2— 1-2+3 _i
NI NG
Volume= (5v/3) [ij =10 cu. units
J3

STUDY MATERIAL : MATHEMATICS
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91) 4. axb+bxt=pa+ob+rc
(91 axb+bx¢=pa+gb+rc, oc+1_1 E+1 Y .10
L2 T2 7 27 4 and
1 1/2 1/2 2 3 8
- T 2
Now, [a b c]”= i;; 1/12 1/12 2(0~1)~3(B)+7(8) =0 = a=5p =8,y =4
(94) 2. Centre and radius of the sphere are (-1, 1, -1) and 3
tively.
12221, 4(20) 31 e
B 4) 2\2 4) 2\4 "2 88 2 . . |-2+3-6+k
Distance of (-1, 1, -1) from the plane is |—F——
( ) P V4+9+36
<o 1 . .
[a b ]=i—2 Since the plane is tangent to the sphere
k-5 .
g ‘7‘=3 is |k-5|=21 .. k=-16,26
B q r 7
Now, &-(&xb+bx¢€) =p+—-+—
2 2 (95) 1, (96) 15, (97) 1.
q Equation of the line passing through (1, 4, 3)
—\/’ p+2+§ x-1_y-4 z-3 O
a b c
+q+r=+J2 Q)
i ) ' x-1 y+3 z-2
~ o D r since (1) isperpendicular to > = 1 = 2
b~(éxb+bx”)=§+q+§
X+2 y-4 z+1
+2q+r=0 ... = =
= p+29+r=0 2 and 3 > >
¢-(axb+bxe) =Ry 9y hence2a+b+4c=0 and 3a+2b-2c=0
2 2
a b ¢ a_b ¢
prg+2r=tJ2 ... ©) " 2°8 12+4 4-3 10 16 1
Now, p=r=-q hence the equation of the linesis
1 x-1 y-4 z-3
= =+ = I — = =
p=r=t—7 4=7 TR T e e
Now any point P on (2) can be taken as
p2+2q2+r2_4 1-10) ;16A+4 ; A +3
92 a distance of PfromQ (1, 4, 3)
(101)2 + (161)2 + 12=357
(100+ 256+ 1)A2=357
A=1 or -1
@) 8. Hence Qis (-9, 20,4) or (11,-12,2)
. x-4 y-2 z-k |
(98) 7. Astheline =TT T liesin the plane
(n—1)-R%sin (E) _ (n—1) R2 cos 2" 2x— 4y +2=1,the point (4, 2, K) through which line
n n passes must also lie on the given plane and hence,

2x4-4x2+k=7T=k=7

= tan(zj 1=n=8
n

z
(99) 9. Lettheequation of variable plane be a+)t/)+z=l
(93) 5. Letreflectionof P(1,0,0)intheline

which meetstheaxesatA (a, 0, 0), B (0, b, 0) and
x-1_y+1_ z+10 ( +1p lj C(0,0,0).
> = 3 be (c.,B,y) then 22 Centroid of A ABCis(a/3, b/3, ¢/3)
liesontheline. and it satisfies the relatiton
and (a—1) i +Bj+ 7k isperpendicular to 2f -3+ 8k Xi2+y_12+zi2: K — a_92+b_92+032:k

.
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(100) .

@

@

©)

., 1. 1. 1K
a2 b 2 9

. . Xy z
Also given that the distance of plane E+E+E =1

from (0, 0, 0) is 1 unit.

1 NI S
1,11 &
a® b c?

k

From (1) and (2), we get §=1 i.ek=9

20+3m+4n=0; 3/+4m+5n=0

L_m_n

-1 2

Equation of planewill be
a(x-1+b(y-2)+c(z-3)=0
-1(x-1)+2(y-2)-1(z-3)=0
-X+1+2y-4-z+3=0
-X+2y-z=0; x-2y+z=0

|d] NG _
—=46 =>d=6
J6

EXERCISE-3
(D). .+ a+2b iscollinear with ¢
. a+2b =\t
where ) isscalar and b+ 3¢ iscollinear with &
o b+3=pa where l isscalar
Now, (1) - (2) gives
a+2b-2(b+3¢) =AC—2pua = a-6¢=AC-2ua
Oncomparing, 1=-2u=u=-12and-6=A=A=-6
Put value of A in (1) we get

a+2b=-6C = a+2b+6¢=0

[axb bx¢ txa =(4)?
=16
(B). €=2A (axb)+3u (bx3a)

{from(2)}

t=2) (Axb)—3u (Axb) = (2r—3u) (axb)
= €(axb)=(2r—3n) (axb).(axb)
= 0=(2r-3u)|axbf

{--¢.(axb)=0(given) andaxa=|al’}

(4)

©)

(6)

(7

=20L-3u=0 { (axb)=0(given)}
=2.=3u
(B). a=2i +]+2k, b=5 -3j+k

kS

Projection of vector aon b =

ol

I
(2i ++2k).(51 -3j+k) 9
- |5 —3j+K| /35

The orthogonal projection of @on b

(@b 9(BI-3j+k) o(5-3j+k)
" |bP V3?3
(C). a=2i—6j—3k, b=4i+3j—k

Unit vector perpendicular to the plane

axb
|axb|

a&bis

151 -10j+30k _ 5[3-2j+6k] 3 _2j+ 6k

T |15 -10j+30k|  5x7 T 7
Xx-1 y-2 z-3
O =% =
gX 1 y—5_2°6 dicular toeachoth
an 3K = 1 = 5 areperpendicular to each other.

S=3@Bk)+2k(@)+2(-5)=0
=-9k+2k-10=0
=7k=-10 = k=-10/7

Reason: Ifline X~X1 _Y™Y1_ 272 gy
& by C

X=X2 _Y=¥2 _ 2722 je perpendicular than
a by C2

aya + byb, + c1c, = 0.
(C).d.R'sof givenlinesare 1,1,2and v/3-1,—+/3-1 4
Now angle between is

1(3-1)+1(—/3-1)+2x4
2412+ 22J(\@—1)2 +(—3-1)2% +4?

V3-1-4/3-1+8
T J6y3+1-243+3+1+23+16

cosH =

6 6
= Jov24 6 246

cosO=%:>9=60°
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®)

©)

(10)

=

Reason : If &, by, ¢; and &, b,, ¢, arethedirection ratios

of two lines then angle between them is

aay +bybs +¢iC)
\/af+b12+012\/a%+b%+c%
(C). Equation of planesare

2Xx-y+z=6andx+y+2z=3
Now the anglethemis

21-11+1.2 3
V22412412 V12112422 T J66
— 0=60°

Reason : Angle between two planeasa;x + by + ¢z +
d;=0andayx +byy +c,z+d,=0is

343 + by +¢C)

cos0 =

cos0 =

_3_1
6 2

CosH =
\/af+bf+of\/a%+b§+c§
(D).

) X-2 y-3 z-4 Xx-1 y-4 z-5
Lmes;l—l—_kandk—z—1
are coplanar.

Xo—=X1 Ya—Y1 22—
If il by G =0
a by C2
(2-1) (3-4) (4-5 1 -1 -1
1 1 -k |=0 1 1 -k|=0
=
k 2 1 k 2 1

=1(1+2k)-1(-k2-1)-1(2-k)=0

= 1+2k+k2+1-2+k=0

= k?+3k=0= k(k+3)=0=k=0,-3
(B).0(0,0,0),A(1,2,1),B(2,1,3),C(-1,1,2)

ylB

X
C A
z

Peperndicular toface OAB is

OA xOB = (i + 2]+ K) x (2i + ]+3k) = 5 — ]— 3k
Vector perpendicular to face ABC
ABxAC=(i—j+2k)x (=21 —j+k) = i1 -5]-3k

-+ Angle between face equa to angle between their
normals

(1)

(12)

(13)

5x 1+ (~1)(=5) + (-3)(-3)
V52 + (D2 +(-3)2 12+ (-5)2 + (-3)?

. CoSO =

- 2r9TY -1

/3535 35 - 9=c0s

(C). Equation of planewhich cutsintercept for a, b, andc
length at respectively coordinate axisis

5+5+9 19 (19j

Let it’s distance from origin is p

1

1,1 1

a® p?>
Now origin equation of place which cuts intercept of
length &, b', ¢' at respectively axisis

. p:

X y z

—+=—+—=1
R 2
distance of thise place from originislet p'
p'= L
- 1 1 1

a,2 b,2 C,2

Plane (1) and plane (2) issame, p=p'

1 ~ 1
\/1+1+1 \/ 1 + 1 + 1
- i+i+i—i+i+i
a2 b2 CZ a,2 b,2 C,Z

(A).U=i+],V=i—],W=i+2]+3K

Let ﬁ:xiA+y]+zIA<

|ﬁ|:1:>x2+y2+22:1 ......... @
UA=0=>x+y=0 ... @)
and VA=0=>Xx-y=0=>X=Yy ... 3

From (3) weput valuein (2)
wegetx+x=0=2x=0=x=0=y [from(3)]

Nowfrom(l), x2+y2+22=1=272=1=z=+1". fi=+k
Now, W.Ai=(i+2j+3K).(tk) =+3

= |w.n|=3

(D). R=4i+]-3k, H=3+]-k

Resultant force F=F+F =7i+2j— 4k

Particle displaced from point i + 2j+ 3k to 5i +4j+k

==
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(14)

(15)

(16)

. Displacement d = (5i + 4]+ k) — (i + 2] + 3K)
= 4 +2j-2k

Now work done w = Eg

= (7i + 2] — 4K).(4i + 2] — 2k) =28+4+8=40

A

(D).
B 1 D 1 C
-~ ADismedian .. Dismidpointof BC
BD . oA — =~
- E=1; AB =3i + 4k and AC=5i —2j+4k

Let w.r.t. A position vector of B is 3i + 4k and position
vector of Cis 5i — 2j + 4k

and D isthemid point of BC

3i + 4k +5i — 2j + 4k

.. Position vector of D is=

2
8-2j+8K =+~ A .o o
=+:4|—J+4k:>AD:4i—j+4k
|AD |=+/16+1+16 = /33
(C)-a+b+c=0

lal=1]b|=2,|¢|=3
a+b+¢=0=|a+b+¢|=0= |a+b+Ccf =0
= |aP +|bP +|cP +2(@b+bc+ca) =0

= 12422432 +2(@b+bt+¢a) =0

(D). Position vector of Ais 7iA—4]+7I2

Position vector of B is f—6]+10|2

Position vector of Cis —iA—3]+4IA<

Position vector of D is 5iA—]+5I2

= AB = (i — 6] +10k) - (71 - 4] + 7k) = —6i —2j+3k
= |ATB|:7

BC=(-i —3j+4k)— (i —6j+10k) = —2i +3j—6k
= |BC|=7

(17)

(18)

(19)

(20)

CD = (5i— j+5K)— (- —3j+4K) =6 +2j+k
= |aj|=\/ﬁ

DA = (7i - 4j+7K) - (51 — j +5K) = 2i —3j+ 2k
= |DA|=~17

-+ AB=BC#=CD#=DA

(C). U, V& W arenon-coplanar vector

{ [aabl=0 - if two vectors are same then scalar
tripleproduct iszero.}

(C). & b, & arenon-coplanar vector.

Now, &+ 2b+3¢, Ab+4¢ and (21 —1) ¢ are coplanar
then

12 3
02 4 =0, n-1)=0221=012
00 2-1

Hence given vectors are non-coplanar except for two
valuesof Li.e.A=0,1/2

©).[u]=1]v[=2]W|=3

, VO wa
By given condition m = ﬁ
SVi=Wwd e 1)
andalso, VW=0(C-VLW) . 2
Now, |U-v+W [P=|uf + |V +|w [
S22 1o e 12

= ex@xB] - [Bllclal

e
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(21)

(22)

(23)

SN S
. Oncomparing a¢=0=a.l ¢ and —(C-b)=§|b||C|

=cos0=-1/3

_ 1 [8 242
L Sn0= g - 1—§:£:T
(C). -+ If alinemakes a, B, y angle with X, y and z axis
respectively then cos a, cos 3, cosy are called direction
cosines of the line and cos?a. + cos?p + cos?y = 1
But according to questiona=v =0
.. 00s%0 + cos?B + cos?0 = 1
2c0s%0 + cos?p = 1
2c0s%0 = 1 — cos?p

2c0s?0 =sin’p 1)
andsin®p =3sin?0 ... (2) (given)
From(1) & (2)

2c0s%0 = 3sin%0
= 200520 = 3 (1 - €0520) = 5c05%0 = 3 = c0s?0 = 3/5
(C). Pardld linesare

2X+y+2z-8=0 ... (@)
Ax+2y+4z+5=0
=>2X+y+2z+52=0 ... @)

= Distance between parallel linesis
il d-d | [G12-c9| |2 7
|\/a2+b2+02|_|\/22+12+22| |2X3| 2

. If equation of parallel linesareax + by + cz+d; =0and
ax+by+cz+d,=0

d-dp
a?+b%+c
(B). Let the equation of line AB be

x-0 y+a z-0
= = :k
1 1 1 (say)

Coordinate of a point ConAB is (k, k—a, k) and other line
isPQ and equation of PQ is

then distance between them is >

x+a y-0 z-0
=T = =0 )
.. Coordinate of apoint D onPQis(2A—a, A, A)
Now directionratioof CD is
(2r-a-k,A-k+a,A-k)
CD cutsAB & PQ at Cand D respectively but D.R. of CD
~2v-a-k r-k+a Ar-k
2 1 2
On solving first and second fraction

is2,1,2given

(24)

(25)

2.-a-k r-k+a
2 1
2 —a-k=21-2k+2a=k=3a
and on solving second and third
A-k+a A-K
1 2
Sk=A+2a=A=k-2a=Lr=a
.. Coordinate of C=(3a, 23, 39)
and coordinate of D = (a, 3, a)
(A). Straightlinex=1+s,y=-3-As,z=1+A4s
can be written as

= 22 -2k+2a=r-k

Xx-1 y+3 z-1

=S
1 A Y @)
and another line x=t/2,y=1+t,z=2-t
) x-0 y-1 z-2
= = :t
can be written as 12 1 T e 2
Now, eg. (1) and (2) are coplanar if
Xo=X1 Yo—Y1 Z2—7
a by g (=0
a b, C2
1-0 -3-1 1-2 1 -4 -1
1 —A A |=0 1 -2 A|=0
=
1/2 1 -1 1/2 1 -1
= 1(A-A)-4(M2+1)-1(1+M2)=0
= 0-2A-4-1-22=0= 5M2=5= A=-2
) . X+l y-1 z-2
(A). Equation of lineis ST, T Ty e (@)
and equation of planeis 2x—y+\/Xz+4:0 ......... )

1
-~ Anglebetweenlineand planeis= andsin6 = o 3

X=X _Y=Y1_2-7
a by el

and equation of planeax + by + cz+d=0and 6 isangle
between them, then

If equation of lineis

agq +bby + ¢
\/a2+b2+c2 \/af+b12+c12
Now fromeg. (1) and eg. (2)

sind =

12+ (~1)(2) + (V)2

sing =
V2 422422 {22 1 (2% + (V)2

2-2+Ax(2) 1

= Ny =3 {from(3)sin6=1/3}
2%
= ﬁ=1:>4x=5+x:>3x=5:>x=5/3
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(26) (B). Thegiven lines can be written as
X _ ¥y _z
2 13 1 e @
g X-Y_ 2 2
an 16 1 —14 2
.. Angle beween themis
080 = Q/2)x(1/16)+1/3(-D + (-1)(-1/4)
JW 22+ @32+ (<12 + (<12 + (-1/ 4)2
=c0s0=0=06=90°
(27) (B). Equation of lineis T =2i — 2]+ 3k + A (i — ] + 4k)
and equation of planeis 7.(i +5j+K) =5 is -
-+ Veector parallel to lineis i — j+ 4k and vector normal
to pIaneisiA+5]+I2
and (i—j+4k).(i+5]+k) =1-5+4=0
.. Lineisparallel to the plane and point whose position
vector is 2 —2j+3k liesonline
.. perpendicular distance of plane from this pointis
(2i - 2j+3K).(i + 5]+ k) 5|
B li+5)+Kk]| |
_ 2—10+3—5‘_£
N 33
(28) (B).Let a=ayi+ay)+agk
= |a|=+/af +a5+a3

= |é|2:a12+a%+a§

Now, axf:—a2ﬁ+a3]

= |éxf|=,la§+a§ =|éxf|2=a%+a§
‘alx]:alk—agj

|axj|=\a& +a3 = |ax [ =al+a3
and axk =—ayj+a,i

= |axk|=+al+a3 = |axk[?=a?+a3
= |axi P +|ax]P +|axk [
=a5+aj+al +aj+al+a3

= 2(a12+a%+a§):2|5?1|2

(29)

(30)

(31)

A 1 (03 1

@

.. Let Pisthereference point
(PA)+ (PB) = (1+1) PC = PA+PB=2PC
-» from m—ntheorem

o

A m (': n B
n (OA)+m (OB) = (m+n) OC
Here, m:n=1:1

(B). [ (a+b)A°bA €] =[a b+¢C D]

AH{[abE+0=-[a b g
A*[abc+[@b =0
[abg (A *+1)=0

[éBé]¢0thenk4+1:0 {--ab¢ are non-copla-
nar}
= Norea valueof A exist

(©). (Bxb)xt=2ax(bx?)
= —(Ex(axh))=ax(bxc)
—[(€b) a—(ca)b] = (ac)b- (ab)c

=
= (at)b-(cb)a=(ag)b-(a
=

~
[ox]
&
o))
I
~~
[
S
ol

+ D& ab arescalarand b= 08 ab=0
= a||c{ . iftwovector a& b areparalelthen a=2 b
where A isscalar}

[4
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(32)

(33)

(34)

(35)

c
D

©.

A B
FromAABC,

BC2=AB2+AC2 ... 1)
1 1

and areaof A EABXAC:EBCXAD
= ABXAC=BCxAD ... )

. 1
Magnitude of two forces are AB & AC

1 1

. ; e = |—=+——=
. their resultant is = (AB)Z (AC)2

_ |(AB)*+(AC)® BC?
BC BC

“ABxAC BCxAD AD {from(2)}

(D). Position vector A, B and C respectively are
2i—j+k,i-3j-5k, a —3j+k

Now, AC=(a— 2)iA—2],B—C: (a—l)iA+6I2

£ C=mn/2

- ACLBC = AC.BC=0

= ((@a-2)i-2)).(a-1i+6k) =0
=@-2)(a-1)=0 =a=1,2
(D). Theequation of givenlinesare x=ay+b, z=cy +
d
andx=ay+b, z=cy+d
These equations can be rewritten as
x-b y-0 z-d Xx-b y-0 z-d

a 1 c a 1
Theselineswill be perpendicularif aa +cc'+1=0
(D). - Equation of planeisx—2y =0
where z coordinate is absent.

0(-1,3,4)

!

X-2y=0

(36)

37

(38)

(39)

.. z coordinate of each point on the plane will be zero
and z coordinate of image of (-1, 3, 4) onplane x—2y=0
will zero. ... Optioneg. (A), (B) and (C) do not match.
(A). Let direction ratios of line of intersection of plane
2x+3y+z=1landx+3y+2z=2area bandc.

-~ Normal to the planes are also perpendicular to line of

intersection .. 2a+3b+c=0
a+3b+2c=0
a b ¢ 3_2_3
6-3 1-4 6-3 3 -3 3
a b ¢
—:—:—:}\/
:>1 171 (say)
If /, mand nared.c. of that line then
COS(X,:E:;
\/a2+b2+c2
A A 1

T itz MB B

(D). Aline makes an angle of n/4 with the positive direc-
tion of each of x axisand y axis.

Let it makesy anglewith positivedirection of z-axis.
Now, if ¢, mand nared.c.’s of line

2+m?+n?=1

2 2
1] [1] 2 11
—| +|—=| +n° =1 =+=+n“=1 2=
0
=coy=0=>y=n/2
(D). G & ¥V areunit vector

6 is acute angle between them.
According to question

|20x30|=1 = |20(|30|sin6 =1

1
:2><3sine:1:>sin6:g .+ 0 isacute

.. only one value of 6 ispossible.
(D). é:f+]+|2 ; B:iA—]+2IA(, E:xiA+(x—2)]—I2
-+ vector ¢ lieinplaneof a& b

. @, b, ¢ arecoplanar.

1 1 1
=1 -1 2|=0
X X-2 -1

=1(1-2(x-2))+1(2x+1)+1(x-2+x)=0
=1-2x+4+2x+1+2x-2=0

=2x+4=0

=>2X=-4=>%X=-2

g
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(40)

(41)

(42)

(43)

(C).-- a=8b

. a& b arelikevector
angle between thenis0°

and ¢=-7b

= b& ¢ areunlike vector

. anglebetween b & ¢ arem.
From (1) and (2) anglebetween a & T ism.
(C).a=ai+2j+Bk,b=i+], =]+k

“+ @, b, ¢ arecoplanar
a 2 B
1 1 0|=0
0 11

=a(l-0+2(0-1)+p((1-0)=0
=a-2+p=0
Sa+tpf=2 ... @

- Only third option satisfy the (i) .. Ansis(C)

but 3z bisects the angle between b & ¢

- angle between 3,b & a,¢ areequal.

{if angle between 2 & b is0 then cosg = — 2}
|al.|b]
ab  ac a+2 2+
" lallb] lallc| T 1alv2  |alv2
{~Ib|=|c|=+2}

=Sot+t2=+2=>a=f

Put thisin () wegeta=p=1

(D). Equation of linesare
Xx-1 y-2 z-3 x-2 y-3 z-1
k 2 3 ' 3 k 2

- Linesintersect at a point
= theyliesinaplane

2-1 3-2 1-3
k 2 3
3 k 2

= (4-3k)+1(9-2k)-2 (k?-6)=0

= —2k?-5k+25=0= 2k?+5k-25=0

= (k+5)(2k-5)=0= k=-5,5/2

.. k==5(" kisinteger)

(B). Equation of line passing through (5, 1, 8 and (3, b, 1)

. Xx-5 y-1 z-a
= = =\
S35 b1 1.8 V)

1 -2
=0 2 31|=0
=
k 2

w X

(44)

(45)

(46)

(47)

(48)

(49)

(50)

X-5 y-1 z-a
-2 b-1 1-a
Let coordinate of any point on thislineis
(-2A+5A(b-1)+1,1(1-a)+a)
Let this point lie on yz and this represents (0, 17/2, -13/2)
So=2A+5=0=A=5/2 ... (@)
andX (b-1)+1=17/2

= g(b -1)+1=17/2 (from(1))

_5b—5+2_£
-2 2

=5b=20=>b=4andA(1l-a)+a= >

5 -13 5-5a+2a -13
= E(l—a)+a=7 = ——0>=

2 2
= 3a=-18=a=6

(D). (3p? —pq +20°) [GV W] = O

= 3p2-pq + 202 =0for rea p

D>0

=?-4x2%x392>0=-23¢°>0=q=0

=p=0

So exactly one value of (p, Q)

(A).(2,1,-2) liesonx+3y—oaz+pB=0=>2a+p=-5

Also,3-15-20=0=a=-6,=7

((X,, B)E(_G! 7)

(B). Directionratios are: 6, -3, 2

Direct . 6 -32
irection cosinesare: —77

(D). ¢=bxa
= b&=0= (byi +byj+bgk). (i—j—k)=0

b,-b,~bg=0and ab=3 = b,-by=3

b= (3+2bg) i + (3+bg) j+ bk

(D). ab=0,b€=0,ca=0=2+4+p=0
A=1+2u=0

Solvingweget, A =-3,u=2
(A).A(3,1,6);B=(1,3,4)

Mid-point of AB = (2, 2, 5) lieson the plane
andd.r’sof AB=(2,-2,2)

d.r’sof normal to plane = (1, -1, 1).

AB is perpendicular bisector

.. Aisimageof B

Statement-2 is correct but it is not correct explanation.

1 1
(B). ¢ =cos45 =2 ; m=cos 120 -5

n=coso
where 0 is the angle which line makes with positive z-
axis.

==
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Now, /2+m2+n?=1

(54) (D). ab=0,bxt=bxd ad=0

11 - -
E+Z+cos2(e>=1 (bxe)xa=(bxd)xa
, 1 1 . 1 (ba)e—(ca) b=(ba)d-(da)b
Cos“0=— = cosO = — (0 Beingacute) = 0= —
4 2 3 B ae) -
x-0 y-1 z-3 d:é_[”_ﬁjb
- - - a
(51) (A). 1 "5 T e @) o i )
x+2y+3z=4 ... %) (9 (©)-c=a+2b:d=5-4b ; cd=0
Angle between the line and planeis = (a+2b).(5a-4b)=0 = 5+6ab-8=0
&ay + bbby +ciC
cos (90— 0) = 172 Aa 1 T
ab===0=—
Vo +02 +.cf 2B +b3 +.c3 =TT
(56) (A).Equation of parallel plane x—2y +2z+d =0
§no— 1+4+3L 5+ 3L
- — 5 [T > e 3
But given that angle between line and planeis VI®+27+2

So, equation required plane x—2y+2z+3=0

el () 5

x-1 y+1 z-1

67 (©

sind = 3 - 2 3 4
- V14 V5 x—3_y—k_5
3 543 o2 1
From(3). /14 N7 R a(L-11), b(234) ; F=a+ib
=9(5+12)=25+922+30L = 30L=20=>1=2/3 €(@3k,0), dL21) : F=ct+ud
(52) (A). (2a-b).[(axb)x[(@+2b)] Theselineswill intersect if lines are coplanar.
= —(2a-b).[(a+2b) x (ax b)] a—¢,b&d arecoplanar
= _(2a—D).[(a+ 20).b) a— ((a+ 26)3) b] - [a-¢b,d]=0
= —(2a-b).[(ab) + 2bb) a— (aa+ 2b).a) b)] 2 k+1 -1
- _ . - 2 3 4]|=0
= —(2a-b).[0+2a— (0+ b)] = —(2a-b).(2a-b) L =2(-5)-(k+1)(-2)-1(1)=0
— = 2 =2 = K2 = _
= —(2a-b)* =-4a°+4ab-b°=-4+0-1=-5 L 2(k+1) =115 k=912
B(1,6,3) Ax_PAd P _ P4
N T AT TR T
(53) (B). BX =BA+AX =g+ 0D

=
o

A(L,0,7) B ¢

Mid- point of AB =M (1, 3, 5) |

M liesonline '

Direction ratios of AB is< 0, 6, -4 > _

Directionratios of givenlineis< 1, 2, 3> A X p D

AsAB isperpendicular to line (59) (C).2x+y+2z-8=0 (P

- 01+6.2-43=0 5
2x+y+22+§:0 (P2

wrew
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o5 Distace= /16 +9+144 = /169 =13
2 |7 (67) (B).Reqd. planeis (2x—5y+z—3)+A (x+y+4z-5)=0
Distance between P; and P, = V2242422| 2 Itisparallel tox+3y +6z=1
(60) (C).[a—c,b,d]=0 2’;7‘ =_5;x =1+64x . Solving A =-11/2
2;1 314 4_k5 0 i _11 _i 0 Planeis (2x—5y +z-3)— 2 (x +y+4z-5)=0
I T S X+3y+6z-7=0
k 2 1 k 2 1 68 (C).3¢-2m=5 . )
= 1(1+2k)+(1+kd)-(2-k)=0 20-m-3=0
= k2+2k+k=0=k?+3k=0= k=0,-3 20-m=3 e )
Note : If 0 appears in the denominator, then the correct 4-2m=6 ... (3)2 ,
way of representing the equation of straight lineis Eq.(3)-eq.(1), £=1,m=-1, (£+m°=2
X=2_¥=3.,_4 (69) (C). éx(5x6)=£(6+é)
1 1 2
(61) (C). AB+BC+CA=0 A @9b-@ B)é—£6+£é
= BC=AC-AB 2 2
— AC-AB ac=ada b33
= BM="T-"- 2 2
2
= AB+BM+MA=0 Anglebetween aand¢=30° ; a& b-150°= 2
- B M C 6
ag, AC-AB _ 1 x-1 5 z-9
= AB+ =AM (70) ~ (A). Equationofline: *— =y’1L ===
. ABLAG .. Anypointis(A +1,A-5,A+9)
= AM+M:4i—j+4k:\/£ It lieson plane
2 = (\+1)=(—-5)+(L+9)=5
(62) (D). [axb bxC ¢xa]=[a b ~]2 = A+t1-A+5+A+9=5=A1+10=0=A=-10
=1 Pointis (-9, 15, -1) another is (1, -5, 9)
(63) (A). Lineisparalle toplane. Distance = /100+100+100 =10/3
Image of (1, 3,4) is (-3, 5, 2) 71 D). A 2 a9k - Beial
64 (A).f=—m-n (7)) (D). a=2i+j-2k ; b=i+j.
m2+(;12=(m+n)2 |c-a|=3|(@axb)xc|=3
= mn=
So, possihilitiesare |axb||E|sin6=3
[_i,i,o] or(_i,o,i] |axb|[E]=6 e )
\/E \/E \/5 \/E ~on |2
) ~ A
- cose=1:>e=£ axb={2 1 -2|=i(2-j@+k@® =2i-2j+k
2 110
I -
(65 (D). (@c)b-(b-c)a=|bllc]a |axb|=3
(b8 =2 [B|[E] - cosb=—T - sin9=—2\/§ Fromen. (1), 3-[¢]=6 ; |c|=2
3 " 3 3 Now, |[c—a|=3 ; |¢|+|a|-2a-€=9
-2 1 z-2 < 0. && _
(66) (C). X3 =yz =212 =A;P(BL+2,40-1,121+2) 4+9-2a-C=9; a-c=2 \P(L 2,3)
Liesonplanex-y+z=16 ,  x=1_y+2 z-3 \
Then, 3%, + 241+ 1+ 12, +2=16 (72 (©)-LinePQ: —=="—="5 F
110 +5=16 ;=1 P(5,3,14) LetF (A +1,41—2,51+3) N
F lines on the plane Q
[ 264
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(73)

(74)

(75)

(76)

20.+1)+3(40-2)
—4(5L+3)+22=0

-6A+6=0=Ar=1
F(2,2,8)
PQ=2PF= 242

(D). Normal vector
i ]k
1 -2 3|=51+7j+3k
2 -1 -1

Soplaneis5(x-1)+7(y+1)+3(z+1)=0
= 5x+7y+3z+5=0
5+21-21+5 10
J25+49+9 /83
(D). R+ x—2+1)y+@B+1)z-2+1=0
(A+3Wx+(2-pWy+(2u-1)z-3-u=0
2+h  —(2+2)
1+3u 2—u
= U-2=1+3u=2u=-3=>u=-3/2
So the equation of planeis
X-T7y+8z+3=0
Now, distance fromorigin equal to

Distance =

3
J72 4724+ 82

_ 1
W2
(C). u-(axb)=0;t-a=0andGi-b=24
Let b=(b-a)a+(b-0)0
|b = (b-8)%+ (b-0)?

1B = (b-22+ -0
ap
2.2 (24) — |0P=336

E
B X-5 y+1 z-4
®) 1 1 1
PA+51-Lr+4)

Pisfoot of perpendicular fromA to plane
3+8=7; A=-1/3

(14,41
3 3 3

=X

X-4 y+1 z-3
1 1 1
Q(h+4,L-11+3)

Qisfoot of perpendicular from B to plane
3L+6=7 ; A=1/3

(77)

(78)

(79)

(A).

®B).

(13 -2 10] Ji+4+1 6
Q Ty Ty T , = —-— =
3 3 3 3

(C). Equation of plane

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

= (1+2)x+(1+3\)y+(1-1)z-1+41=0

dr's of normal of the plane are
1+20,1+3),1-2

Sinceplaneisparalel toy - axis,1+31=0
A=-1/3

So the equation of planeisx+4z-7=0
Point (3, 2, 1) satisfiesthis equation.

_ i jesk

!l
X
o
Il
N
|
H
o X

i —5)+ 2k

F P

<2
<]

Normal vector of plane containing two
intersecting linesis parallel to vector.

i
(V=3 0
-3 2

- _2i+6k

Required lineisparallel to vector

i ]k
(Vo)=| 1 2 -1|=3i-]j+k
-2 0 6
. . .. x+4 y-3 z-1
RequwedequatlonofI|ne|sT=_—1=T

E
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(80)

(81)

(82)

(83)

(84)

(85)

P(2.-1,4)

0. <10-7,1>

(B).
(1003, =71+2, kﬁ

A(-3,2,0)

(, 31
=233

MP-(10i - 7] +k) =0 =1 =1/2
Length of perpendicular

1,49 [50_[5_ 5
4 N4 N2 2

=PM)=,[0+=+—
( ) +4+
which is greater than 3 but less than 4.

(B). Vector perpendicular to plane containing the vectors

i+j+k and i +2j+ 3k, isparalé to vector

w P X
Il

]
11
12

Required magnitude of projection
1@ +3j+K) - (1-2j+K)| _|2-6+1]_ 3
li-2j+k| V6]

NG

(B). The required planeis (2x-y—-4) + A (y+2z-4)=0

it passesthrough (1, 1, 0)

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

= Xx-y-z=0

j
2
1

= (2+x)i+(x—3)j—5k

R X X

i
(D). axb=|3
1

|ax b|=/4+x2 +4x+ X2 +9—6x+25

—v2x2 - 2x+38

- T 75 T 3
= |a><b|2\/;: |axb|25\/;

(C). Let the plane be
(X+y+z-1)+A(2x+3y+4z-5)=0

= @+ D)x+@r+1)y+@r+1)z-(51+1)=0
ltotheplanex-y+z=0=1r=-1/3

= Therequired planeisx-z+2=0

A_y 10—z o
(A). 2 Y13 z-4 =72=6&y=-2
= R(4,-2,6)

Distancefromorigin= \/16+ 4+ 36 = 2,14

(86)
i—2j+k
-
N2

(87)

(88)

©).

®B).

A).

G =3+jandp=2i—j+3k.
B=Pr—PBo i Br=r @ +])Pa=2 (@ +])-2i+]-3k
Bp-di=0

(3r-2).3+(L+1)=0
M-6+1+1=0=A=1/2

-~ 32 1~ - 1» 3»
=—l+—=] :Bp=—=i+=j-3K
B1 > 2] ;B2 S5l
i j k
- = 3 1
-2 = o
B1xPB2 > 3
13 4
2 2

7(-30)- (-2 0) k(24 1)

:_§?+g]+§|’i :1(—3?+9]+5|2)
2 2 2 2

Aliter : B=Py—P, = p-G.=By-G =By |
= B=B-a)a= B=(B-0)a-p

= ByxBp=—(B-a)axp

=~ O (F ) (2 =+ 3k) = L (g + 9} + 5K)
BECRE I =55

Let ax + by + cz = 1 be the equation of the plane

0-b+0=1=b=-1
0+0+c=1=c=1

ab

COSQ=_.—_.
|al-b]

1 |0-1-1]

V2~ @ +1: 05 1o

@+2=4—a=1V2 = +/2x—y+z=1

Now for -sign  _/2./2-1+4=1

Any point on the given line can be
(1+20,-1+3),2+4)0) ;L eR
Putinplanel+2i + (-2 +6X) +(6+12)0) =15
200 +5=15; 20.=10; A=1/2
Point (2, 1/2, 4)

Distancefromorigin

:J4+1+16:J16+#:g

_2
2

v
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(VECTOR & 3-DIMENSIONAL GEOMETRY ) @eA:E=elHUa e\

(89) (B).ﬁ-(3iA+4I2):0 (94) (A).Letpoint Ponthelineis(2h +1,-1 -1, 1)
3(3h—3)+0+4 (41 —2)=0 foot of perpendicular Q is given by
(9r—-9) +(161-8) =0 A-1,2) Xx-2h-1_ y+i+l z-2 —(2A-3
251=17 =A1=17/25 1 1 1 3

Qliesonx+y+z=3&x-y+z=3
= x+z=3&y=0
AD=( 23] 142+ £ o)k
25 25 _ _—2n+3 _
L y=0=A+1= 3 =1=0
_ 2 5 D B c )
= ! +2)+ —k (@.-2,1,4) +—5— = Qis(2,0,1)
(95) (C).4x-2y+4z+6=0
|AD|_ —+4+— | _ _=
625 625 J6+4+16 | 6 | 3° ;[A-6]=2;1=84
900 3400 _ 10:2 % u-3l
625 "\ 625 5 Jaias1l 3 IKM=31=25 p=51
1 2\/— Maximumvalueof (u +2) = 13.
Areaof A= 2x5x =+/34 0 -2 yil z-1

(90) (C).0052a+0032[3+0052y—1 "3 2 -1
1 1 5 ) 3 1 x=3k+_2,y=_2k—l,z=—k+1
2 resTy=1; cos Y:1—Z=Z Intersection with plane 2x + 3y -z +13=0

23 +2)+3(2A-1)-(-A+1)+13=0
cos2 1: _r orﬁ 130 +13=0C; A=-1
TEERTTER Y P(-1,-3,2)

(91) (A). One of the point on line is P(0, 1, -1) and Intersectionwithplane3x +y + 4z =16
, _— — s oA N 3BL+2)+(2A-1)+4(-A+1)=16 ;A=1
givenpointisQ (B, 0, B). So, PQ=pi-j+(B+1)k ( )+ ( )+a( )

Q(5,10)
2
Hence,132+1+(13+1)2_w:§ PQ=162+4%+22 =66 =2,/14
2 2 - = -
2p2+23=0; B=0,-1; p=-1(asp=0) @7 ©) @+b)x(@-b)=2(bxa)
(92) (D).Rliesontheplane. : ] ;
_1-12-2]_ 13 _ 13 =2|1 2 -2| =2(8i-8j+4k
Jo+1+16 V26 N2 ( J+4K)
Q 3 2 2
= PQ=+/26 o
Now, RQ=+9+1= Requiredvectorzilzw:ﬂ(j_ -K)
(98) (A). Perpendicular vector to the plane
= RD= 10—— o
i j k
fi=| 1 2 -1|=-3+3j+3k
1 7 a1 :
ar (APQR) =2 % X\fz > 11 -2
Equationh of plane -3 (x-1)+3(y-1)+3z=0
P(-1,2,6)
= x-y-z=0
[2-1-4|
di214 === _3
(93) (). : RN
A(2,3,-4) D——— . (99) (B). Equation of bisector of angle
n=6i +3j- 4k
2x—y+22—4_+x+2y+22—2
AP-f 3 T 3
| AP-n| . a > 2 B
AD = Iﬁl‘_\/e—l- PD =vVAP? - AD? =/110-61=7 (+) gives x— 3y = 2

(-)gives3x+y+4z=6

wrem
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Q.B.-SOLUTIONS

STUDY MATERIAL : MATHEMATICS

(100) (A). Planepassingthrough: (2,1, 0),(4,1,1)and (5,0, 1)

x-2 y-1 z
20 11=0 y4y_27=3
3 -1 1

Let | and F are respectively image and foot of
perpendicular of point Pinthe plane.
Eq" of linePI
X-2 y-1 z-6
1 1 =2
Letl(A+2,A+1,-2)+6)

P(2,1,6)

= (say)

A(2,1,0) C(50.1)
| = -
B@4.11)

A A
= F(2+E,1+E,—}\.+6j Dlane
Fliesin the plane

= 2+%+1+%+ 2A-12-3=0

= A=4=1(6,5,-2)
(101) (D). |a+b+cfP=0

oo -3 -3
a-b+b-t+ca)=— = h=—
(a-b+b-t+¢-3) > = 2

b)+(-a-b)xa

d=3(axb)
(102) 4. SincePQisperpendiculartoL, therefore

P(1,0,3

(o, 7, 1)

YD Db
3 3 3 3 3
“20 10 98 112 20 24 4,
= 379 99 T3 9
(103) (B). Shortest distance
6 15 -3
3 -1 1
-3 2 4| 270
= = =/270 =330
V11x29-49 /270
11 a
(104) (2). #1=1 1 3|=-A+3=%1
211

A=20rL=4.
2+1+4 7
For.=4, 0039=m=@
(105) (C). ax(bx¢c)=ax(bxa)
—(a-b)c=(a-ab-(aba
48 =6(i - j+k) -4 (i - 2j+k)
—4% =21 + 2]+ 2k

(106) (D). d.r of normal to the plane
10 10 10

3'3'3
1,11

o S(219)
Midpoint of Pand Q is 3'3'3
Equationof planex+y+z=1

A2 2
(107) D). D=2 3 5
4 L 6

fora=2

:D=(L+8)(2-2)

5 2 2
D;=|8 35
10 2 6
=5[18-10]-2[48-50]+2(16-30]=40+4-28=0
No solutionsfor A =2
(108) (1.00)

P=(a+1)i+a+ak, d:aiA+(a+l)]+alA<and

?:aiA+a]+(a+1)lz P, q, T arecoplanar

= [pgr]=0
a+l a a
. a a+l a |=0
a a a+l
= 3a+1=0 = a=-1/3
5.g=_t r.g=_t
Pa=-3 3
FPo1G R 2 2 2
ITIP=1al=3 3(p-G)°-A[FxG“=0
2 2
3
- A= _(p_q)z_ _2~(|C2>0|)~~2:1.00
ac Irrar-F-g

[4
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(109) (8.00)

»Q(2-4,11)
(1,—1,3)P/'§

m m

A B
(-1,23) (3,-2,10)

PQ-AB

Projectionof PQon AB = |—=——
] PQ AB|

| -3+ 8K)- (41 - 4j + 7|‘<)|_8
| 9 N

(110) (30). B~f::10:>5|f:|cos%:10:>|é|=4

e = . T
|ax (B ) |=[a]|bx ¢ | =V3-5-4sin =30

(111) (3). If A =-7, then planes will be parallel &

3
distance between themwill be — = k=3
V633

But if A ~ -7, then planes will be intersecting and
distance between them will be 0.

E
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