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KEY CONCEPTS

DEFINITIONS:
A VECTOR may be described as a quantity having both magnitude & direction. A vector is generally

represented by a directed line segment, say A?B .Ais called the initial point & B is called the terminal

- -
point. The magnitude of vector AB is expressed by | AB | .
ZERro VECTOR a vector of zero magnitude i.e.which has the same initial & terminal point, is called a
ZERrRoO VECTOR. It is denoted by O.

Unit VECTOR a vector of unit magnitude in direction of a vector a is called unit vector along a and is

denoted by a symbolically ﬁ:F_| .
a

EqQuaL VECTORS two vectors are said to be equal if they have the same magnitude, direction & represent
the same physical quantity.

CoLLINEAR VECTORS two vectors are said to be collinear if their directed line segments are parallel
disregards to their direction. Collinear vectors are also called PARALLEL VECTORS. If they have the same
direction they are named as like vectors otherwise unlike vectors.

Simbolically, two non zero vectors a and b-are collinear if and onlyif; :i:KB,
where K € R

CorLANAR VECTORS a given number of vectors are called coplanar if their line segments are all parallel
to the same plane. Note that “Two VECTORS ARE ALWAYS COPLANAR”.

H
PosiTioN VECTOR let O be a fixed origin, then the position vector of a point P is the vector op . If
i & b &position vectorsof two point A and B, then ,

A_}>3: b-d= pvof B— pvofA.
VECTORADDITION :

- —> —> . . - .
Iftwo vectors 3 & b arerepresented by QA & OB ,thentheirsum a + b is a vector represented

by O_Ej , where OC 1s the diagonal of the parallelogram OACB.

a+Db=b+a (commutative) “ 4 (@+b)+¢=3a+(b+¢) (associativity)
a+0=a=0+4 y da+(-d)=0=(—-a)+a

MULTIPLICATION OF VECTOR BY SCALARS :

If a is a vector &m is a scalar, thenma is a vector parallel to @ whose modulus is |m| times that of
a . This multiplication is called SCALAR MuLTIPLICATION. If a & b are vectors & m, n are scalars, then:
m(a)=(a)m=ma m(na)=n(ma)=(mn )a

(m +n)a=ma+na m(d +b)=ma+mb

SECTION FORMULA :

Ifa & b arethe position vectors of two points A & B then the p.v. of a point which divides AB in the

ratiom:nisgivenby: T =M . Note p.v. of mid point of AB = a+b
m +n
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Note:

Note :
@
(ii)

DIRECTION COSINES :

Let a= alf + 32} + a3f< the angles which this vector makes with the +ve directions OX,0Y & OZ are

called DIRECTION ANGLES & their cosines are called the DIRECTION COSINES .

coS a:%_l ,  CoS B:a% , cos T 2373 . Note that, cos> a + cos> § + cos> ' =1
g g g Fowre
VECTOR EQUATION OFALINE : B(b

: . . . . R (7
Parametric vector equation of a line passing through two point (1)

A(3) & B(b) is given by, t —a+t(b—4d) where tis a
parameter. If the line passes through the point A(a) &is

parallel to the vector b then its equationis, T =a +tb
Note that the equations of the bisectors of the angles between

thelines T =4 +Ab & F=a +ucis:

=3 +t(6+e) & i =i +p(e_1;).

TEST OF COLLINEARITY :
Three points A,B,C with position vectors a, b,¢ respectivelyare collinear, if & only if there exist scalars

X,¥,z notall zero simultaneously such that ; xa + yB +2z¢ =0,where x+y+z=0.

SCALAR PRODUCT OF TWO VECTORS :
a.b=|d][b|cosB(0<0 <),

note that if © is acute then ab > 0 & if0is obtuse then a.b <0

aa=la|’=a’ab=ba (commutative) =  &.(b+@)=a.b+a.c (distibutive)
ab=0<3alb @#0 b =0)
iLi=jj=kk=1" 3 i.j=jk=k.i=0

o .- db
projection of a onb =-—.

b
That vector component of @ along b = [ij, and perpendicularto b = & — (a - P]B.
b’ b

the angle ¢ between' a &b is given by cosp = — 0<¢<m

I8

if d=aji+a,j+ask & b=bi+b,j+bsk then @b =ab +ab,+ab,

|€1|=\/2112+2122+2132 , ‘B‘=\/b12+b22+b32
Maximum value of 3 . b = ‘5‘ |B|
Minimum values of 5.B=§1.B=—|€1HB‘
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(iiiy Any vector a can be written as , a = (5 . i) i+ (5 : 3) i+ (5 : 1;)12 )

. . . . . ~ . b
(iv) A vector in the direction of the bisector of the angle between the two vectors a &b is ﬁ + H .Hence
a

bisector of the angle between the two vectors a &b is A (é + B), where A € R*. Bisector of the
exterior angle between a &b is A (é - 13) ,AeR".

9. VECTOR PRODUCT OF TWO VECTORS :

i < If &b aretwo vectors & 0 is the angle between them then a x b= |€1”B‘sin on,

where 1 is the unit vector perpendicular to both 3 &b such that a ,b& i formsa
right handed screw system .

ol o

(i) = Lagranges Identity : for any two vectors @ & b;(@xb)> =|:?1|2 |f)|2 ~(@.b)’ =

) |

ol ey

ol )

(iii) < Formulation of vector product in terms of scalar product:
The vector product a x b is the vector ¢ , such that
(i) [¢]= \a’b* —(@-b)’ (ii) ¢-d =0; ¢.b=0and
(i) 4, b, ¢ form aright handed system

(i) “ ixb=0<« 3&b areparallel (collinear) (i = 0.b = 0)ie. a =Kb , where K is a scalar.
T ixb#bxa (not commutative)

& (ma)xb=ax(mb)=m(@xb) wherem isa scalar .

@ Gx(b+¢)=(dxb)+(ax3) (distributive)
T ixi=jxj=kxk=0 & ixj=k, jxk=1, kxi=]
i j k
b, by b;
(vi) & Geometrically |5><13| =area of the parallelogram whose two adjacent sides are

represented by a & b

!

axb

(vi) < Unit vector perpendicular to the planeof 4 & b ish = + A|
axb

r!éxB_’

& Avector of magnitude ‘r’ & perpendicular to the palne of 3 &b is+ |ﬂ B|
ax

& If 0 is the angle between a & b thensin 6 =
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(viii)

10.

11.

Vector area

If 4,b& ¢ arethe pv’s of 3 points A, B & C then the vector area of triangle ABC =

L. o= = L I
5 axb + bxc + Cxa].ThepointsA,B&Carecollinearifaxb+bx6+6x5 =0

. ) - 1= -
Area of any quadrilateral whose diagonal vectors are d & d, isgiven by > |d1 Xd2|

SHORTEST DISTANCE BETWEEN TWO LINES :

Iftwo lines in space intersect at a point, then obviously the shortest distance between them is zero. Lines
which do not intersect & are also not parallel are called SKEW LINES. For Skew lines the direction of
the shortest distance would be perpendicular to both the lines. The magnitude of the shortest distance

N
vector would be equal to that of the projection of AB along the direction of the line of shortest distance,

*> . . g - - . . - — —
LM is parallel to pxq i.e. LM = Projection of AB on LM| = |Projection of ABon pxq

_|AB xd) _|b-3). Gxd)|
| pxd | | pxq |
The two lines directed along p & ¢ will intersect only if shortest distance =0 i.e.

(b-4).(pxq)=0 i.e. (‘B - 5) lies in the plane containing p & q . = [(5—5) p Q] =0 .

BX(52 _51)

Iftwo lines are given by 7, =4, + Kb & T, =4, + Kb i.c."theyare parallel then, d = |4|
b

SCALAR TRIPLE PRODUCT /BOX PRODUCT / MIXED PRODUCT :
The scalar triple product of three vectors a ,b & ¢ is‘defined as:
ixb.c=[d ||B ||5| sin® cos ¢ Where Oisthe anglebetween & & b & ¢ is the angle between 3 x b & ¢ -
Itis also defined as [ab ] , spelledas box produict .
Scalar triple product geometrically represents the volume of the parallelopiped whose three couterminous
edges are representedby a,b& ¢ i.e.V =[a b ¢]
In a scalar triple product the position of dot & cross can be interchanged i.e.
a.(bx¢)=(axb)8OR [abd]=[bcda]=[¢ab]
a.(bx¢)=—4a.(éxb) e [abd] = —[a¢h]

a, a, a;

€ C G

In general , if @a=a;l +a,m+a;0 ; b=b,l +b,m+b,n & ¢=cl+c,m+c;n

a, a4, 4,
then [EBE]z b, b, b, [TFnﬁ] ; where 7, & i are non coplanar vectors .

¢ 6 G

If 3,b,¢ arecoplanar <[4 b¢]=0.
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*12.

13.

(@)

(b)

Scalar product of three vectors, two of which are equal or parallelis Oi.e. [abc] =0,

Note : If 3, b, ¢ are non —coplanar then [d b ¢]> 0 for right handed system &

[d b ¢] <0 forlefthanded system .

[ijk]=1 e [Kdibé]=K[abs] & [@+b)cd]=[acd]+[bed]

The volume of the tetrahedron OABC with O as origin & the pv’s of A, Band C being a,b & ¢

respectivelyis givenby V = é [4b¢]

The positon vector of the centroid of a tetrahedron if the pv’s of its angular vertices are a , b , ¢ & d are
1 - - -

givenbyz [a+b+c+d].

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

Remember that : [a-b b-¢ ¢-a|=0 & [E+B b+¢ 6+5]=2[556].

VECTOR TRIPLE PRODUCT :

Let a,b,¢ beany three vectors, then the expression a x (b x ¢) isavector & is called a vector
triple product .

GEOMETRICAL INTERPRETATION OF @ x.(b x ¢)

Consider the expression & x (b x ¢) whichitselfis a vector, sifice it is a cross product of two vectors
a & (bx¢).Now 3 x (b x ¢) is avector perpendicular tothe plane containing a & (bx¢) but b x ¢
is a vector perpendicular to the plane b & ¢ , therefore 3 x (b x ¢) is a vector lies in the plane of

b& ¢ and perpendicular to a. Hence we can express i x (bx ¢) in terms of b& ¢

ie.ax(bx¢)=xb+ y¢ where x & y are scalars .

& iax(bx¢)=(@.0)b-(@.b)¢ & @xb)xc=@@.6b-(b.0)a

& (@xb)x ¢ #ax(bx ¢

LINEAR COMBINATIONS /Linearly Independence and Dependence of Vectors :

Given a finite set of vectors d,b,¢,...... then the vector T=x3 + yB +7CH . 1s called a linear
combination of a,b/¢,....4 forany x,y, z...... € R. We have the following results :
FunpAMENTALTHEOREM IN PLANE : Let @,b be non zero, non collinear vectors . Then any vector T
coplanar with a,b can be expressed uniquely as a linear combination of a,b
i.e. There exist some unique X,y € R such that xa + y13=f .

FunpAMENTAL THEOREM IN SPACE : Let 4.b,¢ be non—zero, non—coplanar vectors in space. Then

any vector 1, can be uniquily expressed as a linear combination of a,b,¢ i.e. There exist some unique

x,y € Rsuchthat xa+yb+ z¢=7.
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©

)

Note :

14.

15.

16.
()

(b)

17.
(@)

(b)

If X,.X,,... X are n nonzerovectors, &k ,k,,....k aren scalars & if the linear combination
K X, +K,X, + k X =0=k =0k, =0..k_ =0 thenwesaythat vectors X ,X,,... X
are LINEARLY INDEPENDENT VECTORS .

If X,.,X,,.... X, are not LINEARLY INDEPENDENT then they are said to be LINEARLY DEPENDENT
vectors . i.e. if k X, +k,X,+.. +k X, =0 & if there exists at least one k # 0 then
X,,X 5. X aresaid to be LINEARLY DEPENDENT .

If @ =3i+2j+5kthen a is expressed as a LINEAR COMBINATION of vectors i, , k . Also, 4, i, j, k

form a linearly dependent set of vectors. In general , every set of four vectors is a linearly dependent
system.

i, ], k are LINEARLY INDEPENDENT set of vectors. For

K,i+K,j+K;k=0 = K,=0=K,=K,
Two vectors 3 & b are linearly dependent = @ is parallel to b i.c. axb= 0 = linear dependence of
a& b . Converselyif xb=0 then 3 & b are linearly independent .
If three vectors @,b,¢ are linearly dependent, then they are coplanari.e. [, b, ¢] = 0 , conversely, if
[4, b, ¢] = 0 ,then the vectors are linearly independent.
COPLANARITY OF VECTORS :
Four points A, B, C, D with position vectors a ,B ,C, d respectively are coplanar if and only if there exist
scalars x, y, z, w not all zero simultaneously such that xa+ yl; Yzc+wd=0 where, x +y+z+w=0.

RECIPROCAL SYSTEM OF VECTORS :

If a,b,¢ & a'b'&" are two sets of non coplanar véctors such that G.G'=p.b '=¢.¢'=] then the
two systems are called Reciprocal System of vectors.

. 'bx@ ., cxa o, axb
Note : a_[aﬁe] ’ b_[aﬁe]’c_[aﬁe]
EQUATION OFAPLANE :

The equation (T — r,)n=0 represents a plane containing the point with p.v. 1, where n isa

vector normal to the plane . T.i=d is the general equation of a plane.

Angle between the 2 planes is the angle between 2 normals drawn to the planes and the angle between
aline and a plane is the compliment of the angle between the line and the normal to the plane.

APPLICATION OF VECTORS :

Work done against a constant force F overa

displacement s is defined as W=F3

The tangential velocity V of a body moving ina

circle is givenby V = wx t where T is the pv of the
point P.
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(©) The moment of F about O’ is defined as M = f x FwhereT
is the pv of P wrt *O’. The direction of M is along the

normal to the plane OPN such that t,F&M form a
right handed system.
d Moment of the couple = (f,—5)x F where T, & T, are pv’s of the Q

point of the application of the forces F & — F.
3-D COORDINATE GEOMETRY
USEFULRESULTS
A General :

(1) Distance (d) between two points (x,,y,,z,)and (X,,y,,z,

P(x,y, z)
dz\/x—x2+ -y, +(z, —2)* —
(X =x)) "+ (Y2 —y1)" + (2, -2)) (X, Y1, 2,) (1 m, (x,.y,,2)
) Section Fomula
CompxyFmy X, Mpytoyy, Mz tmyZy
x m; +m, - Y m; +m, » Z m,; +m,

(For external division take —ve sign )
Direction Cosine and direction ratio's of a line

3) Direction cosine of a line has the same meaning as d.c's of a vector.
(a) Any three numbers a, b, ¢ proportional to the direction cosines are called the direction ratios i.e.

/! m n 1

=4 A
a b ¢ Va?+b?+¢?
same sign either +ve or —ve should be taken through out.
note that d.r's ofa line joining x,,y,,z, and x,,Yy,, z,are proportional to x,—x, ,y,—y,and z, -z,
(b) If 0 is the angle between the two lines whose di¢'sare, ,m ,n and/ ,m, ,n,
cosO =/ [ +m m,+n n,
hence iflines are perpendicularthen /, [, +m m,+n n, =0

o _my oy X, Vss Z
if lines are parallel then 5 ~= == = &, . Y2: 22
g, AV I
X1, Y15 2) ;
L m n : :
i |
note that if three lines are coplanar then L my My 0 5 | dc's
l; m; ny I, m, n

4) Projection of the join of two points on a line with d.c's /, m, n are
l(x,—x)+m(y,-y,) +n(z,-z)

B PLANE
) General equation of degree one in x,y, z i.e.ax +by+cz+d=0 represents a plane.
(i) Equation of a plane passing through (x,,y, ,z,) is
a(x-x)+b(y-y)+tc(z-z)=0
where a, b, ¢ are the direction ratios of the normal to the plane.
(ii1) Equation of a plane if its intercepts on the co-ordinate axes are x,,y, ,z, 1s
X 'y z
—+—+—=1
X1 N 4
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(iv)

v)

(vi)

(vii)

(viii)

(ix)

)

@)

(i)

(i)

Equation of a plane if the length of the perpendicular from the origin on the plane is p and d.c's of the
perpendicularas /, m,,nis /x+my+nz=p

Parallel and perpendicular planes — Two planes

ax+by+tcz+d =0and ax+by+cz+d =0 are

perpendicularifa a,+b, b, + ¢, ¢,=0

: ﬂ_bl_cl
parallel if 2, b, —C2 and
a, b, ¢ d
coincident if A1

a, by, ¢, d,

Angle between a plane and a line is the compliment of the angle between the normal to the plane and the

. Line :7=a+Ab N einn b.ii fline
line. If plane 7 fied } then co0s(90—-0)=sin6 = |5Hﬁ|'
where 0 is the angle between the line and normal to the plane. plane

Length of the perpendicular from a point (x ,y,, 2 ) toaplaneax +by +cz+d=01is

‘ax1+by1+cz1+d‘
p—‘ Ja2+b?+c? ‘

Distance between two parallel planes ax + by +¢z+d, =0 and ax +by+cz+d,=0 is

d,—d,
\/az+b2 +c?

Planes bisecting the angle between two planes
ax+by+cz+d =0 and a +by+cz+d =0 is given by

‘ax+b +cz+d‘ ‘ ‘
1 21y2 1 : 1 _ a,X+by,y+c,z+d,
AN ey

Of these two bisecting planes , one bisects the acute and the other obtuse angle between the given
planes.
Equation of a plane through the intersection of two planes P and P, is givenby P, + AP,=0

STRAIGHT LINE IN SPACE

Equation of a line through A (X, , y, , z,) and having direction cosines /,m,n are
X=X _ YN _27%4

/ m n
and the lines through (X, ,y, ,z,)and (x,,Y,.z,)
X=X _ Y™ %N _ 2774

X=Xy Yo 42774

Intersection of two planes ax+by+cz+d =0 and ax+by+c,z+d,=0

together represent the unsymmetrical form of the straight line.

X=X _Y=N1i_27%
/ m n

AX-x)+B(y-y)+tc(z-z)=0  where Al+bm+cn=0.

General equation of the plane containing the line is
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LINE OF GREATEST SLOPE

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

AB is the line of intersection of G-plane and H is the horizontal G - plane
plane. Line of greatest slope on a given plane, drawn through a P
given point on the plane, is the line through the point 'P'

5 A
perpendicular to the line of intersetion of the given plane with
any horizontal plane. Q H - plane

B
EXERCISE-1

If &b are non collinear vectors such that, f)=(x+4y)§+(2x+y+1)5 &

q=(y—2x+2)5+(2x—3y—l)ﬁ , find x & y such that 3p=2q.

(a) Show that the points a—2b+36¢;2a+3b-4¢&—7b+10¢ arecollinear.

(b) Prove that the points A=(1,2,3), B (3,4,7), C (—3,—2,-5) are collinear & find the ratio in which
B divides AC.

Points X & Y are taken on the sides QR & RS , respectively of a parallelogram PQRS, so that Q_)X =4 )E)R
- > . . - 21\ 2
& RY = 4YS. Theline XY cuts the line PR at Z . Prove that PZ = . PR.

Find out whether the following pairs of lines are parallel, non-parallel & intersecting, or non-parallel &
non-intersecting.

o R=iejeakea (30-2j+4k) o R=igiesk e (i-7+K)

(1) - N ~ 3 A ~ (]1) Y A ~ ~ S ~
L=2i+j+3k + (61+4J—8k) r2—21+4J+6k+u(21+]+3k)

i : +k+k(1+3]+4k)

L, = ;+3J+M(41—]+k)

Let OACB be paralelogram with O at the origin & OC a diagonal. Let D be the mid point of OA.
Using vector method prove that BD & CO intersectin the same ratio. Determine this ratio.

AF

AE
In a AABC, points E and F divide sides AC and AB respectively so that BC 4 and B 1.

Suppose D is a point on side BC. Let G be the intersection of EF and AD and suppose D is situated so

AG 3 B a . .
that GD 2 If the ratio DC B where a and b are in their lowest form, find the value of (a + b).

N
‘O’is the origin of vectors and A is a fixed point on the circle of radius‘a’with centre O. The vector QA

is denoted by a. A variablepoint ‘P’ lies on the tangent at A & O—i> =7 .Showthat a.7 =|a|’ . Hence
ifP=(x,y) & A=(x,,y,) deduce the equation of tangent at A to this circle.

is

Let u be avector on rectangular coordinate system with sloping angle 60°. Suppose that ‘ u-i

geometric mean of | u | and ‘ u-2i ‘ where i is the unit vector along x-axis then | u | has the value equal

to \/a —+/b Where a, b € N, find the value (a + b)? + (a—b)3.
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Q.9  The resultant of two vectors 2&b is perpendicularto a.If |B| = 2] |d| show that the resultant of
23 & b is perpendicularto b.
Q.10 4,b,¢ and { are the position vectors of the points A= (x,y,z) ; B=(y, -2z, 3x); C=(2z,3x,—-y)

and D=(1,-1, 2) respectively. If |a|=2./3 ; (g AB)Z (5/\5) ; ("Aa) :g and (g/\j) is obtuse, then find x, y, z.

Q.11 If r and s arenon zero constant vectors and the scalar b is chosen such that |f + b§| 1S minimum, then

show that the value of |b§|2+ |T+b5 |* isequalto |7 .

Q.12(a) Find a unit vector & which makes an angle (n/4) with axis of z & is such that 4 + i + 3 is a unit vector.

— g 2 . - 2
(b) Prove that ﬂ_g _ a_tl
a2 b2) \|a||b|

Q.13  Given four non zero vectors a, b, ¢ and d.The vectors a,b & ¢ dre coplanar but not collinear pair by
- — SONEAE . A AN
pair and vector ( is not coplanar with vectors a,b'& ¢ and (ab) = (bc) = —,(da) = o, (db) = then
3
A
prove that (d ¢) =cos ™' (cosp—cosal).

Q.14 Given three points on the xy plane on O(0, 0), A(1, 0) and B(—1, 0). Point P is moving on the plane
satisfying the condition (ﬁ PTé) +3 (Q—A FB) =0
If the maximum and minimum values of ‘ PA ‘ ‘ PB ‘ are M and m respectively then find the value of
M? + m?.

Q.15 Intheplane of a triangle ABC, squares ACXY, BCWZ are described , in the order given, externally to
the triangle on AC & BC respectively. Given that C_s( =b, C—IA =a, C—\;V =X, C_)B =y . Prove that
a.y + X.b = 0 . Deduce that AW BX=0:

Q.16  Giventhatii =i-2j+3k ;¥ =2i+ j+4k ;W =1+3j+3k and
(i R =10)i + (V'R —20) ]+ (W ‘R — 20)k =0. Find the unknown vector R .
Question nos. 17, 18, 19:
Suppose the three vectors a, B, ¢ on a plane satisfy the condition that

|a|=|b|=|é}=|a+b|=1; ¢ isperpendicularto @ and b-¢ >0, then
Q.17 Find the angle formed by 23 + b and b.
Q.18 Ifthevector ¢ isexpressed as a linear combination 24+ pb then find the ordered pair (A, ).

Q.19  Forreal numbers x, y the vector p = xa + y¢ satisfies the condition 0< p-a <1land 0< p-b <1.Find
the maximum value of p -C .
Q20 (@ Ifi+b+c=0,showthat axb=bxc¢=cxa .Deduce the Sinerulefora AABC.

(b) Find the minimum area of the triangle whose vertices are A(—1, 1, 2); B(1,2,3)and C(t, 1, 1)
where t is a real number.
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.1

Q.2

Q.3

Q.4
@)

(i)

Q.5

(a) Determine vector of magnitude 9 which is perpendicular to both the vectors:
4i-j+3k & —2i+j-2k
(b) A triangle has vertices (1, 1, 1) ;(2,2,2), (1, 1,y) and has the area equal to csc (n/ 4) $q. units.
Find the value of y.
Consider a parallelogram ABCD. Let M be the centre of line segment BC and S denote the point of

intersection of the line segment AM and the diagonal BD. Find the ratio of the area of the parallelogram
to the area of the triangle BMS.

If 4,b,¢,d areposition vectors of the vertices of a cyclic quadrilateral ABCD prove that :
|§x5+5xa+axﬁ| |Bx6+6xa+ax5

(b—a).(d—a) (b—¢).(d-¢)
The length of the edge of the regular tetrahedron D—ABC is'a'. Point E and F are taken on the edges

AD and BD respectively such that E divides D%A and F divides BB inthe ratio 2:1 each . Then find the
area of triangle CEF.

n A - 1» 3~ - -
Letaz\/gi_j and b=51+§1 and §=§+(q2_3)b, y=-pa+qgb.If X47y,thenexpressp

as a function of ¢, say p=1(q), (p # 0 & g # 0) and find the intervals of monetonicity of 1(q).
EXERCISE-II

%
The vector OP = { + 2]+ 2k turnsthrough aright angle;, passing through the positive x-axis on the way.
Find the vector in its new position.

The position vectors of the points A, B, C are respectively (151, 1) ; (1,1, 2); (0,2, —1). Find a unit
vector parallel to the plane determined by ABC & perpendicular to the vector (1,0, 1) .

(a,—a)’ (a,~b)*" (a,—c)’
Let |(b, —a)? (bl—b)2 (b, ~¢)’| = 0 _and if‘the vectors Gd=i+aj+a’k; p=i+bj+b’k;
(c;—a)? (e=b)> (¢,—0)
7= I:;. c}tczﬁ Aare non coplanar, show that the vectors &, = i+ a13+ aff(;ﬁl :§+b13+b12f< and
Y, =1+4¢, j+c12k are coplaner.

Given non zero number X, X, X5 ;Y 3Y,, Y;and z,, z, and z,
Can the given numbers satisfy

X X

1 X3 XXy +Y,Y, +2,2, = 0
Y, Y, V3= 0 and XoX3+Y,Yy+2,2, = 0
7 XX, +Y3Y, +252, =0

zZ zZ

1 %2 A
If x,>0andy, <Oforalli=1, 2, 3and P=(x, X,,X;) ; Q (¥, ¥, ¥;) and O (0, 0, 0) can the triangle
POQ be aright angled triangle?

The pv's of the four angular points of a tetrahedron are: A (3 + 212); B (Sf + 12) ; C (4f + 33 + 612)
& D(zi +3j+212).Find:

() the perpendicular distance from A to the line BC.

(i) the volume of the tetrahedron ABCD.

(iit) the perpendicular distance from D to the plane ABC.
(@v) the shortest distance between the lines AB & CD.
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Q.6 Find the point R in which the line AB cuts the plane CDE where
d=1+2j+k, b=2i+j+2k, ¢ =-4j+4ak, d=2i-2j+2k & & =4i+]j+2k.

Q7 Ifa= a1+a2J+ak b= b1+b21+bkand c_c1+czj+cf(thenshowthatthevalueofthe
o i daj ak
scalar triple product [nd@+b nb+¢ nc+alis (B*+1)|b-i b-j] bk
¢i ¢ ¢k

Q.8(a) Prove that [& x b] = \/ b-[d x @ x b)

(b) Given that é,b,f),c] are four vectors such that 3+ b=p p ,B 4=0& (B ) 2 1 ,where p is ascalar then
provethat |(a.q)p—(p.q)al=|p.q]-

Q.9 ABCD is a tetrahedron with pv's of its angular points as A(-5, 22,:5); B(1, 2, 3); C(4, 3, 2) and
D(-1,2,—3). If the area of the triangle AEF where the quadrilaterals ABDE and ABCF are parallelograms

is /S then find the value of S.
Q.10 If A, B & C arevectors such that |B| = |C|, Prove. that: [(A+]§)x(&+é)] X (Exé).(}§+é) =0.
Q.11  Giventhepoints P (1,1,-1),Q(1,2,0)and R (-2, 2, 2). Find

(@) 1?) X ﬁ
(b) Equation of the plane containing the points P, Q and R
1) in scalar dot product form
(i1) in parametric form
(ii1) in cartesian form
and if the plane through PQR cuts the coordinate axes at A, B, C then the area of the AABC.

Q.12 Find the scalars o & B if ax(bx¢) + (a.b)b = (4—2B—sifto)b + (B> —1)¢ & (¢.¢)a=¢ while b & ¢

are non zero non collinear vectors.
Q.13 Leta=oi+2j-3k,b=i+2aj—2kandc=2i- o]+ k.Find the value(s) of o, if any, such that

{(5 x B) x (B X E)} x (¢xa) =0. Find the vector product when o= 0.

Q.14 Findavector v which is coplanar with the vectorsi + — 2k & i— 2] +k andis orthogonal to the
vector—21i + ju+ k. Itis given that the projection of v along the vectori — j + k is equal to 6 J3.
Q.15 Ifthe vectors b ,C ,a are notcoplanar, then prove that the vector
(@xb)x(Sxd)+(ax)x(dxb)+(@xd)x(bxc) isparallel to &.

Q.16 The figure shows non zero vector v,w and Z with

Z orthogonal to the line L, and v and W making equal

angles 3 with the line L. Assuming | v | = | w|, if the B B L

vector w is expressed as a linear combination of v 2

Ny

v and Z as w =xV + yZ. Find the value of x and y.
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Consider the non zero vectors a,b,¢&d such that no three of which are coplanar then prove that

a [b Ea] +¢ [5 b a] =b [5 ¢ Ei] + 8[5 BE] .Hence prove thatif @,b,¢&d represent the position vectors
| bcd | + | abd |
of the vertices of a plane quadrilateral then 0 =1.

The base vectors a,,4,.d; are given in terms of base vectors b.b,.by as, a, =2b, +3b, —b,;

a, =b,—2b, +2b, & a, :—2‘51 +52 —253. If 15:3‘51 —‘52 +2B3, then express F in terms of

1 2 1 . -2
Let 5—{ 0 }; B_{l} E—{l].Findthenumbersa, B,y such that 0L5+Bb+y6—{—5}.
-3 0 1 6

p>b.+(b.d)a - p(bxa)
p(p® +3’) '
(b) Solve the following equation for the vector p ; pxa + (13.13)?: = bx¢ where a,b,¢ are non

(a) If px + (X xd) =b;(p £ 0) prove that X =

zero non coplanar vectorsand & is neither perpendicular to b nor to ¢ , hence show that

(13 xa+ [21_] Ej is perpendicularto b—¢.

a-

Ol ol

Let 4,b & ¢ be non coplanar unit vectors, equally inclined to one another at an angle 0. If

axb + bx¢=pa ¢ qb+ rc . Find scalars p,q & rin terms of 6.
Solve the simultaneous vector equations for the'vectors X and y .

X+6xy=a and y+eéxx=b where ¢ isanon zero vector.

Consider the points A(a); B(b); C(¢) and D(d). x is the distance of the point A from the plane BCD.
y is the distance of the point D from the plane ABC.

Column-I Column-II
A) |Bx6+6xa+ax5|x+[5 ¢ d] equals P) [4b¢]+[bdc]+[dac]
(B) |5x6+6xa+axa|y+[a b ¢] equals (Q [dbc]+[acd]+[adb]

hen the points A,B,C . -
ot P ) (R)  [dab]+[dbé]+[dcd]

(©) [d@ b c]isequalto (and D are coplanar

.- (when the points A, B, C)

(D) [d & blisequalto | and D are coplanar (S) [bcéd]+[¢ad]+[dab]
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Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

EXERCISE-I1I

Find the angle between the two straight lines whose direction cosines /, m, n are given by
2/+2m—-n=0 and mn+n/+/m=0.

Pisany point on the plane /x + my +nz=p. A point Q taken on the line OP (where O is the origin) such
that OP. OQ = p?. Show that the locus of Q is p(/x + my +nz)=x>+y?+ 22

Find the equation of the plane through the points (2, 2, 1), (1,-2, 3) and parallel to the x-axis.

Through a point P (£, g, h), a plane is drawn at right angles to OP where 'O’ is the origin, to meet the
5
r

coordinate axes in A, B, C. Prove that the area of the triangle ABC is m where OP=r.

The plane /x+my=0 isrotated about its line of intersection with the plane z=0 through an angle 0.
Prove that the equation to the plane in new position is /x +my+ zy/12+m? tan® =0

Find the equations of the straight line passing through the point (1, 2, 3) to intersect the straight line
x+1=2(y—2)=z+4 and parallel to the plane x + 5y +4z=0.

X-3.y-3_

Find the equations of the two lines through the origin which intersect the line T

atan

— | N

T

angle of 3

A variable plane is at a constant distance p from the origin and meets the coordinate axes in points A, B

and C respectively. Through these points, planes are drawn parallel to the coordinates planes. Find the

locus of their point of intersection.

x+2 2y+3 3z+4
T4 5

Find the distance of the pointP (- 2, 3, —4) from the line
the plane 4x + 12y -3z + 1 =0.

measured parallel to

Find the equation to the line passing through the point (1,—2, —3) and parallel to the line
2x 4#3y—-3z+2=0=3x—-4y+2z-4.
Find the equation of the line passing through the point (4,—14, 4) and intersecting the line of intersection
of the planes : 3x +2y—-z=5 and x—2y—2z=-1 atrightangles.
LetP=(1,0,—-1);Q=(1,1,1)andR = (2, 1, 3) are three points.
(a) Find the area of the triangle having P, Q and R as its vertices.
(b) Give the equation of theplane through P, Q and R in the form ax + by +cz=1.
(c) Where does the plane in part (b) intersect the y-axis.
(d) Give parametric equations for the line through R that is perpendicular to the plane in part (b).

Find the point where the line of intersection of the planes x — 2y +z=1and x + 2y —2z =15, intersects
the plane 2x + 2y +z+ 6= 0.

Feet of the perpendicular drawn from the point P (2, 3, —5) on the axes of coordinates are A, B and C.
Find the equation of the plane passing through their feet and the area of AABC.

Find the equations to the line which can be drawn from the point (2, —1, 3) perpendicular to the lines

x-1 y-2 z-3 d x—4 _y _z+3 tright anel
5 3 4 an 4 5 5 atrightangles.
: : . oo X-1 y+2  z :
Find the equation of the plane containing the straight line > T3 75 and perpendicular to the

plane x—y+z+2=0.
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Q.17

Q.18

Q.19

()]
(b)
(©
(d)
(©
Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

. . x+l y-p z+2 x y-7 z+7 i
Find the value of p so that the lines — 3 = 5 = 1 and 1 = 3 = 5 are in the same

plane. For this value of p, find the coordinates of their point of intersection and the equation of the plane
containing them.

Find the equations to the line of greatest slope through the point (7,2 ,—1) in the plane
x — 2y + 3z =0 assuming that the axes are so placed that the plane 2x + 3y —4z =0 is horizontal.

2 1
Let Lbe the line given by 7 = {— 2} +A [ 0 } and let P be the point (2,— 1, 1). Also suppose that E be
1

the plane containing three non collinear points A= (0, 1, 1); B(1,2,2)and C=(1, 0, 1)
Find

Distance between the point P and the line L.

Equation of the plane E.

Equation the plane F containing the line L and the point P.

Acute between the plane E and F.

Volume of the parallelopiped by A, B, C and the point D(—3, 0, 1).

The position vectors of the four angular points of a tetrahedron OABC‘are (0, 0, 0); (0, 0, 2); (0, 4, 0)
and (6, 0, 0) respectively. A point P inside the tetrahedron is at the same distance 't' from the four plane
faces of' the tetrahedron. Find the value of 'r'.

x+6 y+10 z+14
5 3 8

vertex is (7, 2,4). Find the equation of the remaining sides.

Theline 1s the hypotenuse of an isosceles right angled triangle whose opposite

Find the foot and hence the length of the perpendicular from the point (5, 7, 3) to the line
x—15 y-29 /5-z
3 8 5

straight line lie.

. Also find the equation of the plane in which the perpendicular and the given

x-1 y-2 z+3

Find the equation of the line whichis reflection of the line ] 3 I the plane
3x -3y + 10z =26.

, : y . ox-1_y_z . x-3 y_z-2
Find the equation of the plane containing the line NS 3 =5 and parallel to the line , 5 =5

Find also the S.D. between the two lines.

Consider the plane

o oiafi] ot

Let F be the plane containing the point A (—4, 2, 2) and parallel to E.
Suppose the point B is on the plane E such that B has a minimum distance from the point A.
IfC (-3, 0,4)lies in the plane F. Find the area of the angle ABC.
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EXERCISE-IV

Q.1(a) Select the correct alternative :
(i) Ifthevectors 4, b & ¢ form the sides BC, CA & AB respectively of a triangle ABC, then

(A) a.b+b.¢+¢.4 =0 (B) 3 x
(C) a.b=b.¢=2¢.4a (D) 3 x
(i) Let thevectors a,b, ¢ & d be such that (QXB)X (Exa) =0.Let P & P, beplanes determined by

o

ol

the pairs of vectors a,b & ¢, d respectively . Then the angle between P and P, is :
(A) 0 (B) n/4 ©) /3 @) 2

(iii) If @, b & ¢ areunit coplanar vectors, then the scalar triple product
2d-b 2b-¢ 28-d]=
(A) 0 (B) 1 (€) -3 (D) 3
[ JEE ,2000 (Screening) 1+ 1+ 1 outof 35 ]

(b) Let ABC and PQR be any two triangles in the same plane . Assume that the perpendiculars from the
points A, B, C to the sides QR, RP, PQ respectively are concurrent . Using vector methods or otherwise,
prove that the perpendiculars from P, Q, R to BC, CA, AB respectively are also concurrent .
[ JEE 2000 (Mains) 10 out of 100 ]

Q231) If a= i+j-k, b=-i1+2j+2k & ¢=-1+2]—kyfind a unit vectof normal to the vectors
a+b and b - ¢.
(ii) Giventhatvectors @ & b are perpendicular to each other, find vector ¥ intermsof @ & b satisfying
the equations, v-a =0, ¢ .b =1 and [vdb] =1

iy~ = o . R 1 = .\ L.
(ii1)) a, b & ¢ are three unit vectors such that a x (b X c) -4 (b + c) . Find angle between vectors

a & b giventhat vectors b & ¢ arenon-parallel. [ REE 2000 (Mains) 3 +3+3 out of 100]

.3(a) The diagonals of a parallelogram are given by vectors 2 + 37— 6k and 3i — 4] — k . Determine its sides
Q.3(a) The diagonals of a paréllel ivenb ;i d3i-4}-k.D d
and also the area.
(b) Find the value of A such that a, b, c are all non-zero and

(—41 + sj)a + (31 =37+ b+ G+ +3K)e= A (ai + b+ ck) [ REE 2001 (Mains) 3 + 3]
Q.4(a) Find the veetor . which isperpendicularto =1 — 2]+ 5k and b =21 +3j—k and ¥ -(2{ +i+ 12)+8=0.

(b) Two verticesof atriangleare at — i 33 and 2i + 5} and its orthocentre is at i + 23 . Find the position

vector of third vertex. [ REE 2001 (Mains) 3 + 3]
Q.5(a)If 4@, b and ¢ are unit vectors, then |§ - B|2 + |B - 6|2 +[e— {1’|2 does NOT exceed
(A)4 (B)9 ©)38 (D)6
(b) Let 3=1-k,b= xi+j+(1—x)f< and¢ = yi+x3+(1+x—y)f< .Then [4, b, ¢] dependson
(A) onlyx (B)onlyy (C)NEITHER x NORy (D)bothx andy

[ JEE '2001 (Screening) 1 + 1 out of 35]
Q.6 Let A(t) = f, (t)i + f, (t)] and B(t) = gl(t)f+ gz(t)j, t €[0, 1], wheref,f, g , g, are continuous
functions. If A(t) and B(t)are nonzero vectors for all t and A(0) = 2i+3], A() = 6i+2],

E(O) =3i+ 23 and ]§(1) =2i+ 63 , then show that A(t) and E(t) are parallel for some t.
[JEE 2001 (Mains) 5 out of 100]
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Q.7(a) If @ and b are two unit vectors such that @ +2b and 53 —4 b are perpendicular to each other then

the angle between a and b is
(A) 45° (B) 60° (C) cos™ (1/3) (D) cos™ (2/7)

(b) Let V =2i+j—k and W =i+ 3k.If {7 is a unit vector, then the maximum value of the scalar triple
product [fJ \% W] is

(A)-1 (B) V10 + 6 (©) V59 (D) V60

[JEE 2002(Screening), 3 + 3]
Q.8 Let V be the volume of the parallelopiped formed by the vectors a :ali + azj+a3f<,

b =bi + b, j+bsk, ¢ =c,i + ¢, j+c;k. Ifa ,b ,c ,wherer=1, 2,3, are non-negative real

3
numbersand Y _(a, +b, +¢,) =3L, show that V<L, [JEE 2002(Mains), 5]

r=1
Q9 If a=1i+ a}' +k, b = 3 +ak, ¢ = ai +k, then find the value of ‘a’ for which volume of
parallelopiped formed by three vectors as coterminous edges, is minimum, is

1 1 1
. i 3
(A) NE (B) NE © NE) (D)none
[JEE 2003(Scr.), 3]
Q.10 (1) Find the equation of the plane passing through the points (2, 1,0), (5,0, 1)and (4, 1, 1).
(@) If Pisthepoint (2, 1, 6) then find the point Q such that PQ is perpendicular to the plane in (i) and
the mid point of PQ lies on it. [JEE 2003, 4 out 0of 60]
Q.11 If u,v,w are three non-coplanar unit vectors and a, 3, v are the angles between uandv,
v and w, wandu respectively and X, y, Z are unit vectors along the bisectors of the angles a., 3, v

o
2= seczg seczl .

N I - 12
respectively. Prove that [X><y y Xz ZXX]= E[u v W] sec
[JEE 2003, 4 out of 60]

x=1 ‘y+1 z-1 x-3 y~k z

Q.12(a) If the lines ) 3 4 and I ) = 1 intersect, thenk =
(A)2/9 (B)9/2 (©)0 (D)1
(b) A unit'vector in the plane of the vectors 2i + j+k , 1 — j+ k and orthogonal to 5i + 2]+ 6k
@ B © 5 () 222
(¢)If =i+ j+k, a-b=1and axb=j—k,then b=
(A) i B) i-j+k (©) 2j-k (D) 2i
[ JEE 2004 (screening)]

Q.13(a) Let &, b, ¢, d are four distinct vectors satisfying axb = ¢xd and ax¢= bxd. Show that
a-b+c-dza-c+b-d.

(b)Let P be the plane passing through (1, 1, 1) and parallel to the lines L, and L, having direction ratios
1,0,—1 and—1, 1, O respectively. If A, B and C are the points at which P intersects the coordinate axes,
find the volume of the tetrahedron whose vertices are A, B, C and the origin.

[JEE 2004, 2 + 2out 0f 60]
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Q.14(a) A variable plane at a distance of 1 unit from the origin cuts the co-ordinate axes at A, B and C. If the

centroid D (x,y, z) of triangle ABC satisfies the relation Lz + iz + Lz =k, then the value ofk is
X° y° oz

(A)3 (B) 1 (C)1/3 (D)9 [JEE2005 (Scr), 3]

(b) Find the equation of the plane containing the line 2x —y+z—3 =0, 3x + y+z=5 and at a distance of
1/\/8 from the point (2, 1,—1).
(c) Incidentray isalong the unit vector v and the reflected ray is along the

unit vector w . The normal is along unit vector a outwards. Express

w intermsof 3 and V. [ JEE 2005 (Mains), 2 + 4 out of 60]

Q.15(a) A plane passes through (1, -2, 1) and is perpendicular to two planes 2x — 2y + z = 0 and
x —y+2z=4. The distance of the plane from the point (1, 2, 2) is
(A)0 B)1 © 2 (D) 22

(b) Let a=1+2j+k,b=1i—j+k and ¢ =1+ j—k.Avectorinthe plane of & and b whose projection
on ¢ has the magnitude equal to 1/ V3, is

(A) 41— j+4k (B) 3i+j-3k (C) 21 +j-2k (D) 4i+ j—4k
[JEE 2006,3 marks each]

(c) Let A be vector parallel to line of intersection of planes Pyand P, through origin. P, is parallel to the

vectors 23 +3k and 43 _3k and P, is parallel to 3 —k and3i + 33’ , then the angle between
vector A and 2] + j —2k is

T T I T
A 5 B) 3 © ¢ (D) 3 [JEE 2006, 5]

(d) Match the following
(1) Two rays in the first quadrant x + y=|a | and
ax —y = | intersects each other in the interval

a € (a,, o), the value of a, is (A)2
(i1) Point (o, B, y) lies onthe planex +y+z=2.
Let d=ai+pj+yk, kx(kxda)=0, theny= (B)4/3
1 0 1 0
(iii) I(l—yz)dy i+ I(yz—l)dy (®) J-x/l—xdx + Ix/1+xdx
0 1 0 -1

(iv) Ina AABC,if sinA sinB sinC +cos AcosB=1,
then the value of sin C = (D)1 [JEE 2006, 6]

(e) Match the following

() 3 tan™ (Lz) _t, thentant= (A)0
P 2i
(i1) Sides a, b, c of a triangle ABC are in A.P. B)1
0 0 V5
d cosO, = , cos0, = , c0s0, = , then tan® —L +tan® — = C) —
and cos, . cos0, oo o8, T en tan 2+an 5 © 3
(iii) A line is perpendicular to x + 2y +2z=0and passes through (0, 1, 0). (D)2/3
The perpendicular distance of this line from the origin is [JEE 2006, 6]
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Q.16(a) The number of distinct real values of A, for which the vectors — 2] + 3 +k,i— )f}' +kand i+ 3 ~2%k

(b)

(c)

(d)

(e)

are coplanar, is

(A) zero (B) one (C)two (D) three

Let 4, b,¢ be unit vectors such that 3 + b + ¢ =0 . Which one of the following is correct?

(A) axb=bxc=cxa=0 (B) axb=bxc=Ccxa#0

(C) axb=bxé=axc=#0 (D) ax b, bx¢, ¢ xa are mutually perpendicular.
Let the vectors ﬁ , QT{ , R_é , S_”f , ﬁj and ﬁ represent the sides of a regular hexagon.

Statement-1: P_(j X (R S+S T) #0

because

Statement-2:  PQxRS = 0 and PQxST # 0

(A) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true; statement-2is NOT a correct explanation for statement-1.
(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

Consider the planes 3x —6y—2z=15and 2x +y—2z=15.

Statement-1:  The parametric equations of the line of intersection of the given planes are
x=3+14t,y=1+2t, z=15t.

because

Statement-2:  The vector 141 + 23’ +15k is parallel to the line of intersection of given planes.

(A) Statement-1 is true, statement-2 is true; statement-2 is a cotrect explanation for statement-1.

(B) Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for statement-1.
(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

MATCH THE COLUMN:
Consider the following linear equations
ax +by+cz=0
bx +cy+az=0
cx fay +bz=0
Match the conditions/ expressions in Column I with statements in Column I1.

Column I Column II

(A) atb+c#0and (P) the equation represent planes
a’+b>+c>=ab+bc+ca meeting only at a single point.

B) atb+c=0and (Q)  theequationrepresent the line
a?+b2+c2=ab+bc+ca X=y=2

(C) a+b+c#0and (R)  theequationrepresent identical planes
a?+b>+c?=ab+bc+ca

D) a+tb+c=0and (S) the equation represent the whole of
a>+b>+c>~ab+bc+ca the three dimensional space.

[JEE 2007, 3+3+3+3+6]
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Q.17(a) The edges of a parallelopiped are of unit length and are parallel to non-coplanar unit vectors 3, b, ¢

(b)

(c)

(d)

suchthat 4-b =b-¢ = ¢-a= % . Then the volume of the parallelopiped is

Bl ! 3 Bl
A 75 B 573 © D) 75
Let two non-collinear unit vector 4 and b form an acute angle. A point P moves so that at any time t the

position vector O P (where O is the origin) is given by 4 cos t + bsin t . When P is farthest from origin

0, let M be the length of O P and @ be the unit vector along O P . Then,

AT 1 AT L
(A) U= ?Hf and M = (1+4-b)2 (B) U= ? —and M=(1+4a-b)?2

|la+b] la—b]

. a+b e . a-b e

(C) i =——=and M =(1+2a"b)? (D)0 =——= and M =(1+2a"b)>

|a+b] la—b]|
Consider three planes

P ix-y+tz=1

P,:x+y-z=-1
Py:x-3y+3z=2
LetL,, L,, L, be the lines of intersection of the planes Psand Py, P, and P, and P, and P,, respectively.
Statement-1 : Atleast two of theldines.L |, L, and L, are non-parallel.
and
Statement-2 : The three planes do not have a common point.
(A) Statement-1 is True, Statement-2 is True; statement-2 is a correct explanation for statement- 1
(B) Statement-1 is True, Statement-2 is True; statement-2 is NOT a correct explanation for statement- 1
(C) Statement-1 is True, Statement-2 is False
(D) Statement-1 is False, Statement-2 is True

Paragraph for Question Nos. (i) to (iii)

Consider the lines
x+l y+2 z+1 L.x—2_y+2_z—3
103 1 27 201 2 3

() The unit vector perpendicular to both L, and L, is
—1+7§+ 7k 5 —1-7j+5k c —1+7j+5k 5 7i-7j-k
By 4 ®TET O N

(i1) The shortest distance between L, and L, is

17 41 17
()0 B) ;5 © 55 D) 55
(ii1) The distance of the point (1, 1, 1) from the plane passing through the point (—1,—-2,—1) and
whose normal is perpendicular to both the lines L, and L, is

2 1 13 23
N ® 75 NE NE
[JEE 2008, 3+3+3+4+4+4]
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Q.18(a) LetP(3, 2, 6) be a point in space and Q be a point on the line
T= (§—3+ 21A<)+u(—3§+3'+5f<)

Then the value of p for which the vector % is parallel to the plane x —4y +3z=1is

e B~ 0~ D)~ =
O B)-+, (OF D)-
- R . - - -1
(b) Ifa,b,¢ and § are unit vectors such that (ﬁxb)-(éxd):l and a°¢ ZE,then
(A) 3,b,¢ arenon-coplanar (B) b,¢,d are non-coplanar
(C) b,d are non-parallel (D) a,d are parallel and b, ¢ are parallel

(c¢) Aline with positive direction cosines passes through the point P(2, - 1, 2) and makes equal angles with
the coordinate axes. The line meets the plane

2x+y+z=9
at point Q. The length of the line segment PQ equals
(A1 (B) 2 © 3 (D)2
d) Match the statements/expressions given in Column I with the values given in Column I1.
p g g
Column I Column II
T
(A)  Root(s) of the equation 2 sin’0 +sin?20=2 (P) o
) ) B ) 6x 3x T
(B)  Points of discontinuity of the function f(x) = eos| | Q) 1
where [y] denotes the largest integerless than or equal to y
T
(C)  Volume ofthe parallelopiped with its edges represented by the vectors (R) 3
i+],i+2] and i+]+ak
. T
(D)  Angle between vectors g and p, where @, b and ¢ are unit (S) )
vectors satisfying 3 +b++/3¢=0 T =

(e) Let(x,y,z)be points with integer coordinates satisfying the system of homogeneous equations :

3x—-y—z=0
-3x+z=0
-3x+2y+z=0

Then the number of such points for which x> +y? +2z2 <100 is
[JEE 2009, 3+3+3+8+4]
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ANSWERKEY

EXERCISE-I
x=2,y=-1 Q.2  (b)externallyintheratiol:3

(i) parallel (ii) the lines intersect at the point p.v. —21 + 2  (iii) lines are skew
2:1 Q6 9 Q7 xx,tyy =a Q8 28 Q10 x=2,y=-2,z=-2

-1. 1. 1 A A A
(3)71—5J+$k Q.14 34 Q16 -—i+2j+5k

n 1 2 NE)
5 QI8 L/E’\/Ej Q9 V3 Q200

(@) £3(1-2j-2k), (B)y=3ory=-1

5a’ ) q(q>=3) ..
12 24 Sq. units 25 = ———; decreasinginqg € (-1, 1), g=0
Q 275 Q p 1 ging e (-1,1), q
EXERCISE-I1
P RS sG55
NERNGRN RN )y A

(i) S\/ﬁ (i) 6 (iii) %\/E (V) Jo

p.v.of R=r=3i+3k Q9 110
(@) 23 =343k, (b) () T-i= —4, (i) F =5 4 J— K + A (48 + u(=30 + j+3K) (i) 2x-3y+32+4=0,
422
area = —————
9
-D"r . . 2o
o =nm+ 5 ,nel&p=1 Q.13 oc=2/3;1f0L=Othenvectorproductls—60(21+k)
T 2|V|sinp o
9(-5+ Kk Q16 %=landy=""_ Q.18 F=2i +5,+3%,
I ) A 3 S
a=—1,p=—2,7=3 Q20 (b) 1p= _(a+exb)+ &
(3.5)(a.b) @.6) (a.b)
p=— 1 . q= 2cos6 'r=—;
\/1+20059 ’ \/1+20059 ’ A1+ 2cosH
or p= 1 L q=- 2cos0 = 1
J1+ 2cos6 ’ \/1+20059’ \/1+20056
i_5+(6.5)6+5x6 _b+(@.b)c+axc

143 ; 143 Q23 (A)Q;(B)R;(O)S;(D)P
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Q.10

Q.12

Q.13

Q.16

Q.19

Q.21

Q.22
Q.24

Q.1

Q.3

Q.4
Q.7

Q.12
Q.14

Q.15
Q.16
Q.17
Q.18

EXERCISE-I11

x-1 y-2 z-3

=90° . +2z= .
0=90 Q3 y+t2z=4 Q6 =T =T
1 1 1 1
x_y_z x_Yy_z = 17
17270 T T T @ ey R
x-1 y+2 z+43 1 x-4 y+14 z-4
6 13 17 Q. 3 10 4
2w eIy, (02 0) dyx=2t+2;y=2t+landz=—t+3
(a)z 3() 3 3 3_ 5 (C) ’2’ ’()X_ Y= andz = —
L2-4) Qi 2+¥+=1 Arca= = sq. unit s 22yl 203
(1,-2,-4) Q. R rea= ) sq. units Q. 1 10 5
x=7 .y=2 z+1
2x+3y+z+4=0 Q.17 p=3,(2,1,-3);xty+z=0 QI8 = =" =,
@ 3 B)x+y—22+1=0;(c)x—2y+2=5;(d) W3:(e)4 Q.20 %
x-7_y-2_z-4 x-7 _ y-2 z-4
3 6 2 72 -3 6
x—4 y+1 z-7
(9,13,15);14;9x—4y—z= 14 Q.23 9 = 12 3
X—2y+2z—1=0; 2 units Q.25 92
EXERCISE-1IV
. b axb 2
(a) () B (i) A (iii) A Q2 ()+; ;(ii)%+L]32; (i) —
b* (axb) 3

| A — S NS 1
(a) E(51—J—71<),5(—1+7J—51<); E\/1274sq.units (b)L=0, A=-2+ 29

) 54174
@) 7 =-131+ 1+ 7k; (b) ZH+—] Q5 (@B (bC

(@B ;M®dC Q9 D Q.10 ()x+y-2z=3; (ii) (6,5,-2)
(a)B, (b) B, (¢)A Q.13 (b)9/2 cubic units

@)D; (b)2x—y+z-3=0and62x +29y+192—105=0, (¢) w=v—-2(4- V)4
(a) D; (b) A; (c) B ;(d) (i) D, (ii) A, (iii) B, C, (iv) D; (e) (i) B, (ii) D, (iii) C

(@) C; (b) B; (¢) C; (d) D; (e) (A)R; (B)Q; (CO)P;(D)S

(@ A; (b) A; (¢) D; (@) (1) B; (i) D; (i) C

@A; MC; () C; (DA)Q,S; BYRLR,S,T;(C)T; (D)R; (e) 7
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