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Chapter 11: Three-Dimensional Geomejty
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11 THREE-DIMENSIONAL GEOMETRY

THREE-DIMENSIONAL GEOMETRY

Top Review

1. If P(x1, y1, 1) and Q(xa, Y2, z2) are two points in space, then

2

PQ = \/(xz —)(1)2 + (Y, —y1)2 +(z, -2,)

2. The distance of a point P(x1, y1, z1) from the origin 0 is given by

OP = Jxlz +Y, +2,°

3. The coordinates of a point R which divides the line joining the points P(x1, y1, z1) and Q(x>,
Y2, Z2 ) internally in the ratiom : n are

mx, + NX, My, +nNy, mz, + Nz,
m+n ' m+n ' m+n._ )

4. The coordinates of a point R which divides the linejoining the points P(x1, y1, 1) and Q(x2 ya,
z,) externally in the ratio m»n'are

mx, —NX, My, —ny, mMz, - nzl}
m-n . m=n"'" m-n J
5. Let P(x1, y2Z1) and Q(xz y2, z2) be'two points in space. The coordinates of the midpoint of PQ

)(1+)(2 y1+y2 21+Z2
2 "2 " 2 )

are

6. Let P(xq, y1 z1), Q(X2 Y2, z2) and R(x3 ys, z3) be three vertices of the triangle.

G(x,y,2) is G[

X, + X, + X3 Yy + Yo +Ys zl+22+z3}
Hence, the centroid

3 ! 3 ! 3
7. The projection of the line joining points P(x1, y1, z1) and Q(xz, Y2, z2) to the line with direction

cosines, |, m and n is ‘(Xz =X )l +(y; -y )m+(z _Zl)n|'
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THREE-DIMENSIONAL GEOMETRY

Top Concepts

1. The angles a, g and y which a directed line L, through the origin, makes with the x, y and z
axes, respectively, are called direction angles.

If the direction of line L is reversed, then the direction angles'will
n—a, =B andmt - y.

2. If adirected line L passes through the origin and makes angles « , g and y with the x, y and z
axes respectively, then

A =cos a, m=cos f and n =cosy are called direction cosines of line L.
3. For agiven line to have a unique set of direction cosines, a directed line is used.

4. The direction cosines of the directed line which does not pass through the origin can be
obtained by drawing a line parallel to.it and passing through the origin.

z

5. Any three numbers which are proportional to the direction cosines of the line are called
direction ratios. If A, m and n are the direction cosines and a, b and c are the direction ratios
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THREE-DIMENSIONAL GEOMETRY

of a line, then A = ka, m = kb and n = kc, where k is any non-zero real number.
6. For any line, there are an infinite number of direction ratios.
7. Direction ratios of the line joining P(x1, y1, 1) and Q(xa, y2, z2) may be taken as
X2-X1,¥2-Y1,22— 210 X2 -X2,Y1-Y2,21- 22

8. Direction cosines of the x-axis are cos0, cos90, cos90, i.e., 1, 0, O.

Similarly, the direction cosines of the y-axis are 0, 1, 0 and the z-axis are 0, 0, 1, respectively.
9. Alineis uniquely determined if
1. It passes through a given point and has given direction ratios
OR
2. It passes through two given points.

10.Two lines with direction ratios aj, a,, as and by, b, bs, respectively, are perpendicular if

a1b1 + azbz + a3b3 =0

11.Two lines with direction ratios @i, a,, as and by, b, bs, respectively, are parallel if
a, a,
b, b,

12.The lines which are neitherintersecting nor parallel are called as skew lines. Skew lines are
non- coplanar, i.e., they do not belong to the same 2D plane.

/

N

T ¥

DI<

X

GE and DB are skew lines.

13.The angle between skew lines is the angle between two intersecting lines drawn from any
point (preferably through the origin) parallel to each of the skew lines.
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THREE-DIMENSIONAL GEOMETRY

14.1f two lines in space are intersecting, then the shortest distance between them is zero.

15.1f two lines in space are parallel, then the shortest distance between them is the
perpendicular distance.

g (4)
g = g
3_9} l_‘l P , m
B (&)

16.The normal vector, often simply called the ‘normal’ to a surface, is a vector perpendicular to
a surface.

{ +——— Nomal

#+———— Plane

17.1f the three points are collinear, then the line containing those three points can be part of
many planes.

18.The angle between two planes is defined as the angle between their normals.

19.If the planes Aix+Bi1y+Ciz+ Di=0and A, x+Byy +Coz+ D, = 0 are perpendicular to each
other, then A1A;+ BB, + C:C, =0

If the planes Ajx+ Byy + Ciz + D; = 0 and Axx + By + Coz + D, = 0 are parallel, then
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THREE-DIMENSIONAL GEOMETRY

Bl Cl

B, C

>|»

2

20. The angle between a line and a plane is the complement of the angle between the line and
the normal to the plane.

line

nommal———

S04

plang

21.The distance of a point from a plane is the length of the unique line from the point to the
plane which is perpendicular to the plane:

Z
A
I1, (H1
- g
e B A
—» - \
a , /N _4-aN
A AW ‘,
()l f':.___i __“,-‘ ,".\ w— \

Top Formulae

1. Direction cosines of the line L are connected by the relation 1> + m2 + n? = 1.

2. If a, b, and c are the direction ratios of a line, and |, m, and n are its direction cosines,
then

a b C
+

f:iﬁ M=t , N = T
Ja’+b’+c JaZ+b?+c? JaZ+bZ+c2

3. The direction cosines of the line joining
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THREE-DIMENSIONAL GEOMETRY

P( X1, y1, 1) and Q( X2, V2, z2) are

7% YoV, 4,02

PQ " PQ ' PQ

where PQ:J(xz_x1 )2+(YE-Y]_ )2+(Zz_21)2

4. Vector equation of a line which passes through the given point whose position vector is a

. b is r=a+ib
and parallel to a given vector
5. If coordinates of point A are (x3, y1, z1) and direction ratios of thelineare a, b, c, then
X=Xy YY1 774

cartesian form of equation of lineis: @ b c

6. If coordinates of point A are (x1, y1, z1) and direction cosines of the line are |, m, and n,
X=X _ YY1 2%
then Cartesian equation of line is: ‘ m n

7. The vector equation of a line which passes through two points whose position vectors are

a and b isF=a+i(b-a)

8. Cartesian equation of a/line which passesthrough two points (x1, y1, 1) and (X, Y2, z2) is

X—X, - Y—Y: -~ £L—=4Z
X, =Xy Y. Y4 ;=2

X—X :y_y1 _Z_Zl

9. The parametric equations ofthe line 2 b ¢ are

X=X, +ar,y=y, +br,z=2z +cr,where r eR

x-0 y-0 z-0

. ) or y=0 and z=0
10.Equation of the x-axis: 1 0 0

x—OZy—Dzz—O

0 1 0 or x=0 and z=0

11.Equation of the y-axis:

x-0_y-0_2-0 ; v—0and y=0

12.Equation of the z-axis: 0 0 1

13.Conversion of a Cartesian form of an equation of a line to a vector form:
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THREE-DIMENSIONAL GEOMETRY

X-% :y_\/1 _Z2-2

Let the Cartesian form of an equation of linebe a b c
Hence, the vector form of the equation of the line is

r= (xﬁ+ yj + z,lz) + l(aji\ + bj + ch] , where L is a parameter.

14.Conversion of a vector form of the equation of a line to the Cartesian form:

Let the Cartesian form of the equation of a line be
r=a+am, where a=x,i+Yy,j+zk and m=ai+bj+ck
and A is a parameter

Then the Cartesian form of the equation of the line is
X =X, _ Y—-Y, :Z—Z1 Y
a b C

15.Angle 6 between two lines L; and L, passing through the origin and having direction ratios
a1, b1, C1 and d> ,bz, Cz is

oS0 — a;a,+b;b,+¢C;
Ja12+b12+c12 \/é22+b22+c22
1 J(@bymaghy )+ (bicymbycy) H(c aca,) 2
Orsing =

Ja12+b12+c12 J322+b22+c22

16.Condition of perpendicularity: If the lines are perpendicular to each other, then a;a, +
blbz + C1Cy = 0.

17.Condition of parallelism: If the lines are parallel, then %% D

18.Equation of a line passing through a point having position vector k and perpendicular to
r=a +mb, and r=a, +mb, is r =k + m(b, xb,)
the lines
19.To find the intersection of two lines:

Consider the two lines:

X=X Y=Y _2-2Z X=X _Y-Y, 2-%

9, b, ¢ 9, b, G

Step (i): The general coordinates of general points on the given two lines are

(alk + X3, b1k + VY1, C1k + 21) and (azm + Xp, bzm +Vy, CoMm + Zz)
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THREE-DIMENSIONAL GEOMETRY

Step (ii) Equate both the points
Thus, we have a1k + x;1 =am + x, btk +y1 =bom +vy,, CGik+z1 =com+ 2z

Step (iii): Solve the first two equations to get the values of k and m. Check whether the
point satisfies the third equation also. If it satisfies, then the lines intersect, otherwise
they do not.

Step (iv): Substitute the values of k and m in the set of three equations to get the
intersection point.

20.To find the intersection of two lines in the vector form:
Let the two lines be
r= (a1i+a23+a3|2) +k(bﬁ+sz+b3|’<‘)....(1)
[ (al’i+ aj+ a3'|2) + m(bl’h b, j+ b;ﬁ)....(Z)
Step (i): Position vectors of arbitrary points on (1).and (2)are
(aﬁ - azj + a312) + Kk (bli\+ bzi - b3|2)
(aﬁ +a)j+ a3'12) + m(bﬁ +b,j+ b3'I2)
Step (ii): Because the lines (1) and (2) intersect, they intersect each other, and their
points of intersection are as follows:
ai+ kai’ =b1+ mby’: a; + kay’ =by + mb,y’; az + kas’ =bs + mbs’

Step (iii): Solve any two of the equations to get the values of k and m. Substitute the
values of k and m in the third equation.to check whether it satisfies it. If it does satisfy it,
then the two lines intersect, otherwise they do not.

Step (iv): Substitute the values of k and m to get the point of intersection.

21.Perpendicular.distance of a line from a point: Let P(u, v, w) be the given point.
X=X _Y-Y, _Z2-2
let @ b C  bethe given line.
Let N be the foot of the perpendicular.

Then the coordinates of N are,

a(u-x,)+b(v-y,)+c(w-z)
a’+b*+c?

(x, +ak,y, +bk,z, +ck), where k= -

Now, the distance PN can be determined using the distance formula.

22. Perpendicular distance of a line from a point when it is in the vector form:
Step (i): Let P(u) be the given point. Let 7 - a + kb be the position vector of the line.

Step (ii): Find PN - Position vector of N — Position vector of P
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THREE-DIMENSIONAL GEOMETRY

Step (iii): PN.b =0
Step (iv): Get the value of k
Step (v): Substitute the value of kin 7 - a + kb

Step (vi): Compute |ﬁv’| to obtain the perpendicular distance.
23.Skew lines: Two lines are said to be skew lines if they are neither parallel nor intersecting.

24.Shortest distance: The shortest distance between two lines L; and L; is.the distance PQ
between the points P and Q, where the lines of shortest distance intersect the two given
lines.

25.The shortest distance between two skew lines L and M having equations

r=a, +Ab, and F =a, + ub, respectively, is

(BixB;) (3 - 3)

b xb,

26.Condition for two given lines to intersect: If the lines 7 = dx + kb, and 7 = @, + kb
intersect, then the shortest distance between them is zero.

Thus,

27.The shortest distance between the lines in the Cartesian form

X = X{ - Y Y - Z—-2, and X —X, = Y—Y, = Z-7,

4, b, G 9, b, G

is given by

X=X YooYy 4,74
g b1 ¢
a, bz c,

d=
\/( |-."1C2 - b2C1 )2+(C1<':12 —Ga, )2+(a1b2 - azb1 )2

bx(a,-a,)
b| |

SHIVOM CLASSES - WhatsApp for Notes (8696608541) 9)

r=a +Ab and F=a, +b isd=

28.Distance between parallel lines



11 THREE-DIMENSIONAL GEOMETRY

29.The equation of a plane at a distance d from the origin where i is the unit vector normal
to the plane, through the origin in vector form, is rn=d.

30.Equation of a plane which is at a distance of d from the origin and the direction cosines of
the normal to the plane arel, m, nis Ix+ my + nz = d.

31.The general equation of the planeisax+ by +cz+d=0.

32.The equation of a plane perpendicular to a given vector N and passing through a given

r-a).N =0.

point d is

33.The equation of a plane perpendicular to a given line with direction ratios A, B and C and
passing through a given point (X1, y1, 1) is A(x - x1) + B(y -vy1) + C(z-z1) =0

34.The equation of a plane passing through three non-=collinear points in the vector form is

givenas (17a)-[(b-a)x (c-a)=

35.Reduction of the vector form of the equation of a plane to the Cartesian equation:

Lo FEXIHYI+ZK, a=aita,j+ak and.n=n,i+n,j+nKk
Then the Cartesian equation of a plane is,
(x—a,)n, +(y—-a,)n, +(z—a;)n, =0

36.The vector equation of the plane passing through the points having position vectors @, b
and C is

3!

=(1—m- ) +mb +nc (parametric form)

_T !

(axb)+r-(bxc)+r-(cxa)=a-(bxc)  (non-parametric form)

37.The equation of a plane passing through three non-collinear points (x1, y1, z1), (X2, Y2, Z2)
and (xs, ys, z3) in the Cartesian form is

X=X1 Y—Y: Z—1Z4
Xp =Xy Y2-Y1 Z-24 =0
X3—=Xy Yz3—Y1 4344
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11 THREE-DIMENSIONAL GEOMETRY

x —

Y,z
38.The intercept form of the equation of a planeis @ b ¢ where a, b and c are the
intercepts on the x, y and z-axes, respectively.

Z

L

C{00.c)

b5
N\ B(0b.,0)
® '~

Af(a,0,0)

39.Any plane passing through the intersection of two planes "-™M = diand'r.n, =d; g given
r.(n +An, ) = d, + Ad,

by
40.The Cartesian equation of a plane passing through the intersection of two planes

Aix+ By + Ciz=dyand Axx+Boy + Coz=ds is
(Aix + By + C1z = dq)+ A(Agx + Boy + Coz = dp) = 0

41.The equation of the planes bisecting the angles between the planes

ax+by+cz+d =0 and ax+b,y+c,z+d, =0 is given by

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

,/alz +by’ +¢,° Jazz +b,% + ¢’

X=X, _ Y=Y, _2-2

42.The angle 6 between a line ! m N and the plane ax + by + cz+ d = 0 is given
by the following relation:

al+bm+cn

Sind =
Ja? +b2 + 2 P +m? + 12

43.1f a line is perpendicular to a normal to the plane, then it is parallel to the plane.
44.If a line is parallel to a normal to the plane, then it is perpendicular to the plane.
45.The line 7 - @ + kb lies in the plane # i=difd.i=dandb .7 =0
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THREE-DIMENSIONAL GEOMETRY

X=X _ Y=Y, _2-2
| m n

46.The line lies in the planeax+ by +cz+d=0if

ax, + by, + cz, + d = 0 and al+bm+cn=0.

X=X, _Y-Y, _2-2

47.The equation of a plane containing the line | m n
a(x-x,)+b(y-y,)+c(z-z,) =0, where al+bm+cn=0.

r=aq

48.The given lines +AD, and F=a, +1b, are coplanar if and only

(5 -).(F+B) -0

49.Let (x1, Y1, z1) and (X2, y2, Z2) be the coordinates of the points M and N, respectively. Let ay,

bi, c1 and ay, by, ¢, be the direction ratios of_b_{ and E, respectively. The given lines are
coplanar if and only if,

X=Xy Yo Y:1 4,74

a, b, ¢, |=0
a; b, C,
. X — X — Z-2Z X = X - zZ-2 .
50. Two lines P b (S L and 2 _Y—VYs _ Z are coplanar if
al bl C1 a2 bZ CZ
X=X Yo=Y -2
3, by c, |=0
aZ bZ CZ

51.The equation of the plane containing the lines

X — X - z-2 X —X - zZ-2, .
1:y y1= 1 and Z:Y y2= 2 s
al bl Cl a2 b2 C2
X=X, Y-V, 4L, -4 X=X, Y=V, Z-24,
a, b, c, |=0or| a b, c, |=0
a2 b2 c2 aZ bZ CZ

52.1f n; and n, are normals to the planes 7.1 = d; and 7.7, = d2, and 6 is the angle between
the normals drawn from some common point, then
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11 THREE-DIMENSIONAL GEOMETRY

n.n,
cos 9= |12

|

53.Let 6 be the angle between two planes Aijx + By + C;z + D=0 and Ayx + Boy + C.z + D, = 0.

The direction ratios of the normal to the planes are A;, B1, C1 and A;, B, C,.

A,A,+B,B,+C,C,
JA12 +B,>+C 2 JA;+ B,2+C,2

cos 0 =

54.The angle 6 between the line and the normal to the plane is given by

n b.n
COS[— - B) = ==
2/ [effn
. b.n
= SIN0 = ——
el
__ [aR-d
rN =dis |N‘ ,
55.The distance of point P with position vector a from a plane
the normal to the plane.
— d
rN=dis u
N —
56.The length of the perpendicularfrom the origin O to the plane ‘ | where N

is the normal to the plane.
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THREE-DIMENSIONAL GEOMETRY

Class : 12th Maths
Chapter- 11: Three dimensional Geometry

i (i) two skew lines is the line segment perpendicular to both the lines :
(ii) =ay +Aby and r=ax+pbs is | (brxb2 ) (a2~ 2 :
|F11XE:

(i) X=R YN _z

b

:D. Cs of a line are the cosines of the@angles made by the line with the E

= = = posmve direction of the co-ordinate axes:Tf I, n, n are the D. Cs of a line,:
J(h, c,=b¢) +(ca,—c,a) +(a,b,—a, b))

: :thenI + m’ + n’ = 1. D. Cs of a line joining P (x,, v, z,) and Q (x, , 2,) E
H ek o = bx a, - =X, Vo=V, =7 3 ) 5 .
¢ (iv) Parallel line r=g,+Ab and r=a,+pb is ———= (— ') = XP—QYI ‘l"—Q‘I IP_QI grocte PQ:\/(XZ"'"I) +(n-n) +(2-3) :
..................................................... H.... :DRsofalmearethenoswl'ucharepmporhonaltotheDCsof the E
mramsssssnnnaanns Ty L P L LI L TLLT ¢ -lmelfl m, n arehe D.Cs and a, b, careDRsofahne,then :
: (i) which is at distance 'd' from origin and D.C.s of the : i a b H
normal to the plane as I,m,n is Ix+my+nz=d. S T = YIS E

= Shortest distance '.....‘./fl. *’3..*..‘. ....... \/a':l-_b.+v ....... ‘./.a..j'.{)..T.C...................:

i(ii) Lr to a given line with D.Rs. A,B,C and passing

: through (x,y,z,) is A (x-x,) + B (y—y,) +C (z-z,) = 0

: (iii) Passing through three non-collinear points

(X Y02) (X,Y,2), (XY52) is| X =% Y=y z-2z
X =% V=¥ 2—z|=0:

between

X=X V3= 2%

- (1) which contains three non-collinear points having positiort Equation of a

'VLCtOrsu b,c xs( a) [(iv a)X( a)] 0. : plane

(u) That passes through the intersection of planes r.om=d, &:

b n =d,is r(n +l.n) d+)\.d A— non-zero constant
.

These are the lines in space
which are neither parallel
nor intersecting. They lie in

-~ Skew lines

&

Vector equation of a

plane ’ ) | different planes. Angle
" . between skew lines is the
Three dimensional
angle between two
= S e = T QN 5 Geometgy intersecting lines drawn
Two lines r =a, +Ab, r = a, + ub, are coplanar if | D i gl ra
. o : ’ ) from any point (origin)
(;1 a, ) (l;, X b, ): 0.Equation of a plane that cits co-ordinate > parallel to each of the
: ) . ~ Angle between the two i
axes at (3,0,0), (0b,0), (00,0)is 5 +7 +==1. ERsmaron iRy skew lines.

sy | Characteristics of
planes
. R

The distance of a point with postion

:ifl,, my, n,, 1, m,, n,are the D.Csand a, b, ¢, a, b, c,

vector g from the plane 7 = dis Id a. n| The distance froma
:are the D.Rs of the two lines and '0' is the acute angle

Ax, BBy, + C3+ D Line of vector

JA* ¥ BA# C? equations in 3D

point(x, ¥, z,) to the planedx + By + Cz + D = 015‘

‘between them, then

2 cosO =, 1, +m, m,+n,n,
Angle between two F
lines

aa, +bb +cc | :
\/af+bf+c,l \/a§+b§+c§ :

Jector equation of a line
passing through the given point whose position :
ivector is @ and parallel to a given vectorb isr = a + Ab }

£1f '9'is the acute angle : ,
i between r =g, +Ab ,r =a,+Ab,  Vector equation of a line
b.b, : : which passes through two points whose posmon.
then, cos = | == d (b H
| Bl B e S,

'lf X n os Wy & Sy

7 m " -"Elci;fe;t.ﬁ;ﬂ'(;f"a'l'fx{é PP PP PP
: X% Y= _2-% : : through point (x,, y,, z,) and having D.Cs I, m, n 1s
- L L3 L = lx‘ YN _Z75 Also, equation of a line that:
: . : : H m n :
: are the equations of two lines, ! ! passes through two points.

g then aCute angle between : ----------------------------------------------------- :
: them is cos® =|l, .., +m, .m, +n, .n,
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11 THREE-DIMENSIONAL GEOMETRY

Important Questions

Multiple Choice questions-

1. Distance between two planes:
2x+3y+4z=5and 4x+ 6y + 8z =12 is

(a) 2 units

(b) 4 units

(c) 8 units

(d) %_9 units.

2. The planes 2x -y + 4z =3 and 5x - 2.5y +10 z = 6 are
(a) perpendicular

(b) parallel

(c) intersect along y-axis
5
(d) passes through (O, 0, Z)

3. The co-ordinates of the footof the perpendicular drawn from the point (2, 5, 7) on the
x-axis are given by:

(a) (2,0,0)
(b) (0, 5,0)
(c) (0,0,7)
(d) (0,5, 7).

4.1If a, 13, y are the angles that a line makes with the positive direction of x, y, z axis,
respectively, then the direction-cosines of the line are:

(a) <sinq, sinf3, siny >

(b) <cos a, cos 3, cosy >
(c)<tana,tanf3, tany >

(d) < cos? a, cos? 13, cos? y >.
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11 THREE-DIMENSIONAL GEOMETRY

5. The distance of a point P (a, b, c¢) from x-axis is

(a) VaZ + c?

(b) Va? + b?

(@) Vb% + ¢?

(d) b* + 2.

6. If the direction-cosines of a line are <k, k, k >, then
(aA)k>0

(b)0<k<1

(k=1

1 1
(d)k—\/—gor-\/—g

7. The reflection of the point (a, f3, Y) in'the xy-plane is:
(a) (o, %5, 0)

(b) (0,0,v)

(c) (o, -, v)

(d) (o, 3, -y).

8. What is the distance (in units) between two planes:
3x+5y+ 7z=3and 9x + 15y + 21z =9?

(@) 0

(b) 3

() 75
(d) 6.

9. The equation of the line in vector form passing through the point (-1, 3, 5) and parallel

. x—3 -4 .
tohneT:yT,z:21s

(@) 7#=(-1+ 3] +5k) +A (21 +3] + k)
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11 THREE-DIMENSIONAL GEOMETRY

(b) # = (-1 + 3] + 5k) + A (21 + 3))

(c) 7= (20 + 3] —2k) + A (-1 + 3] + 5k)

(d) 7 = (2 + 3]) + A (-i + 3] + 5k).
y—1

10. Let the line x;Z =—= Z;Z lie in the plane x + 3y - az + R = 0. Then (a, ) equals:

(a) (-6,-17)
(b) (5, -15)ss

(c) (-5,5)

(d) (6,-17).

Very Short Questions:

1. Find the acute angle which the line with direction-cosines < \/%, \/ig, n > makes with

positive direction of z-axis. (C.B.S.E. Sample Paper 2018-19)

2. Find the direction-cosines of the line.

-1 #l npor 11980
—5~ = —y = 5~ (CB.SE SanipleRaper 2018419

3. If a, B, y are direction-angles of a line, prove that cos 2a + cos 2P + cos 2y +1 = 0.
(N.C.EE.R.T.)

4. Find the length of the intercept, cut-off by the plane 2x + y - z = 5 on the x-axis.
(C.B.S.E. Outside Delhi 2019)

5. Find the length of the perpendicular drawn from the point P(3, -4,5) on the z-axis.

6. Find the vector equation of a plane, which is at a distance of 5 units from the origin
and whose normal vector is 21 - j + 2k

7. If a line makes angles 90°, 135°, 45° with the x,y and z-axes respectively, find its
direction cosines.

8. Find the co-ordinates of the point where the line through the points A (3,4,1) and B
(5,1, 6) crosses the xy-plane.

9. find the vector equation of the line which passes through the point (3,4,5) and is
parallel to the vector 21 + 2f - 3k

Short Questions:
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11 THREE-DIMENSIONAL GEOMETRY

1. Find the acute angle between the lines whose direction-ratios are:
<1,1,2>and<-3,-4,1 >.

2. Find the angle between the following pair of lines:
and

—z+2 _ y—1 _ z+3 r+2 _ 2y-8 25
) _T_—_Saqd —1 — 4 T 3

and check whether the lines are parallel or perpendicular. (C.B.S:E. 2011)

3. Find the vector equation of the line joining (1.2.3) and (-3,4,3) and show that it is
perpendicular to the z-axis. (C.B.S.E. Sample Paper 2018-19)

. . ... 6 .
4. Find the vector equation of the plane, which is e at a distance of

units from the origin and its normal vector from the origin is:2i -3} + 4k. Also, find its
cartesian form. (N.C.E.R.T.)

5. Find the direction-cosines of the unit vector perpendicular to the plane 7 -(6i - 3] -
2k) +1 = 0 through the origin. (N.C.E.R.T.)

6. Find the acute angle between the lines

_ E.H'g z — +1 AN
r—4 _-I—laﬂd:rl:y 210

3 4 D 4 =3 J 5
7. Find the angle between the line:

7= (f-] +k)+A2i-j+3k)andthe plane # -(21 + j - k) = 4 Also, find whether the
line is parallel to the plane or not.

8. Find the'wvalue of ‘A’, so that the lines:

1-x  7y-14 z-3 7—7 -5  6— _ _ _
3x = y,l = Zz and 3/1x = y1 = 52 are at right angles. Also, find whether the lines

are intersecting or not

Long Questions:

"

1. Find the shortest distance between the lines: # = (41 - }) + A(i + 2f - 3k) and 7 = (I -
+2k) + u(21 + 4j - 5k) (C.B.S.E. 2018)

2. Aline makes angles a, 3, y, 6 with the four diagonals of a cube, prove that:

SHIVOM CLASSES - WhatsApp for Notes (8696608541)
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11 THREE-DIMENSIONAL GEOMETRY

cos? a + cos? 3 + cos? y + cos? 6= %. (N.C.EE.R.T))

y—4 z—

3. Find the equation of the plane through the line x? === *and parallel to the line:

-2

x+1 1=y z+2
2 4 1

Hence, find the shortest distance between the lines. (C.B.S.E. Sample Paper 2018-19)

4. Find the Vector and Cartesian equations of the plane passing throughthe points (2, 2,
-1), (3,4,2) and (7,0,6). Also, find the vector equation of a‘plane passing through

(4,3,1) and parallel to the plane obtained above. (C.B.S.E. 2019)

Case Study Questions:

1. Suppose the floor of a hotel is made up of mirror polished Kota stone. Also, there is a
large crystal chandelier attached at the ceiling of the hotel. Consider the floor of the hotel

as a plane having equation x - 2y + 2z = 3 and crystal chandelier at the point (3, -2, 1).

Based on the above information, answer the following questions.

(i) The d.r'.s of the perpendicular from the point (3, -2, 1) to the plane x - 2y + 2z = 3,

1S:
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11 THREE-DIMENSIONAL GEOMETRY

a. <1,2,2>
b. <1,-2,2>
c. <2,1,2>
d <2,-1,2>

(ii) The length of the perpendicular from the point (3, -2, 1) to the plane x - 2y +
2z =3, 1s:
2 .
a. gunits
b. 3 units

C. 2 units
d. None of these

(iii) The equation of the perpendicular from the point (3, -2,1) to the plane x - 2y + 2z

=3, is:

x—3 _ y-2 _ z-1
a1 T /2 T 7
b x—3 _ y+2 _ z-1
1 -2 2

x+3 _ y+2 _ 21
CT1 T /3 T 3

d. None of these

(iv) The equation of plane parallel to the plane x - 2y + 2z = 3, which is at a unit distance
from the point (3, -2, 1) is:
a. x-2y+2z=0
b. x-2y+2z=6
C X-2y+2z=12
d.“Both (b) and (c)

(v)The image of the point (3, -2, 1) in the given plane is:

d. None of these
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11 THREE-DIMENSIONAL GEOMETRY

2. Consider the following diagram, where the forces in the cable are given.

Based on the above information, answer the following questions.

I. The equation of line along the cable AD is:

x ¥y _ z—30
a5 =4~ 15

x ¥y _ z—30
b-F =% = 15
CE_E_ED—E
5 T 4 7 15
"4 5 15

Ii. The length of cahle DC.is:

a 4/61m
b 54/61m
c 64/61m
d 7v/61m
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11 THREE-DIMENSIONAL GEOMETRY

lli. The vector DB is:
a —61+4j — 30k
b 61 — 4) + 30k
c. 61 +4j + 30k
d. None of these

iv. The sum of vectors along the cables is:
a 171 + 6] + 90k
b 171 — 6] — 90k
c. 171 + 6] — 90k
d. None of these

V. The sum of distances of points A, B and C from the origingi.e., OA + OB + OC is:

a. /164 + /52 + /625
b. /52 4 /625 4 /48
c. /164 4 /625 +.4/49

d. None of these

Answer Key-
Multiple Cheice questions-

1. Answer: (d) \/%_9 units.

2. Answer: (b) parallel

3. Answer: (a) (2, 0, 0)

4. Answer: (b) <cos «, cos f3, cos y >
5. Answer: (c) Vb2 + c2

6. Answer: (c) k=1

7. Answer: (d) (o, 13, -y).
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11 THREE-DIMENSIONAL GEOMETRY

8. Answer: (a) 0
9. Answer: (b) # = (-1 + 3j + 5k) + A (21 + 3))

10. Answer: (a) (-6,-17)

Very Short Answer:
1. Solution:

12+m?2+n2=1

1
Thus, cos a = —=
) \/E

s
Hence, a = 45° or 9

2. Solution:

r—1
2

The given.line is

V)_ =+l
=]

[ts direction-ratios are <2, -1, 2>.

Hence, its direction- cosine are:

2 =1 2
L R —  ——
Va+1+4 Ja+1+4 Ja+1+4
; 2 =12 21 =2
s {_‘_,_"} {_1_!_--:--
HE 333 T3
3. Solution:
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11 THREE-DIMENSIONAL GEOMETRY

Since a, 3, y are direction-angles of a line,

s cos2a+cos2PB+cos2y=1

2 -1 2
{—--—--, !_,___:_‘
Ja+1+4 Ja+1+4 Jat1+4
2.1 2 21 =2
<2, — Zsor<s, =, —>.

he 3'3° 753373

= 1+ cos2a+ 1+ cos2B+1+cos2y=2
= cos 2a + cos 2B + cos 2y + 1 = 0, which is true.
4. Solution:
The given plane is2x+y -z =5
-z ¥, z _q
5/2 T 5 T D
Its intercepts are ﬁ, 5 and -5.
Hence, the length of the intercept on the x-axis.is 5%
Solution:

Length of the perpendicular fromP (3,-4,5) on the z-axis
- VB T8
=4/9 +16 = /25 =5 units.

5. Solution:

letn =27 — j + 2k
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11 THREE-DIMENSIONAL GEOMETRY

Then, 1/il= J4+1+4 = J0=3.

R 2i-j+2k
Now, n =T=—i—
|7l 3

Hence, the reqd. equation of the plane is:

r. g;—l}-fgﬁ =5
3 3 3

= F. (2 -j+2k)=15.
6. Solution:
Direction cosines of the line are:

< cos 90°, cos 135°, cos 45° >

0 —i_j 1.
V2 42
7. Solution:

The equations of the line through A (3,4,1) and B (5,1,6) are:

= = = (1)

Any point on (1) is\(3 + 2k,4- 3k, 1 + 5Kk) .... (2)
This lies on xy-plane (z = 0).

#1+5kal=k=--

Putting in (2),[ 3 - é, 4 + %, 1-1)

. 13 23
1.€. (?, ?, 0)

which are the reqd. co-ordinates of the point.
8. Solution:
The vector equation of the line is ¥ = a + Aim

ie, 7= (31 +4]+5k)+A(21 + 2] - 3k)
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11 THREE-DIMENSIONAL GEOMETRY

Short Answer:

1. Solution:

o la, a, +b, b, +¢, (.*2[
cos 0=
.jaf +b} +cf\f'a§ +b; +c?

VI+1+4+/9+16+1
|-3-4+2 5
V626

156

5

- =1 | ——
Hence, 8 =cos ('__156]'

2. Solution:

The given lines can be rewritten as:

—z+2 _ y-1 _ z43 4
) __ ? — _—3 .............. {1]

z+2 _ 28 5

= 1 —

Here < 2,7,- 3 >and < -1,2,4 > aredirection- ratios of lines (1) and (2) respectively.

2EDFMD @)+ (=@

J4+49+9 T+ 4416

-2+14-12

T -

Il

==}

I
|

Hence, the given lines are perpendicular.
3. Solution:

Vector equation of the line passing through
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11 THREE-DIMENSIONAL GEOMETRY

(1.2.3)and(-3,43)is 7 = @ + A(b — @)
where @ = i +2j + 3kand b= —3i + 4 + 3k
=7 = (i + 2] + 3k) + A(—47 +27) .(1)
Equation of z-axis is 7 = ,ufc (2)
Since (—41 + 25) - k=0=0
» Line (1) is perpendicular to z-axis.
4. Solution:
Let n=21 -3} +4k .
Then ﬂi=JEIE?TE=JﬁL

n_2i-3j+4k

- J29
n

=

Now
I

Hence, the reqd. equation of the plane is :

7 [i?_i}*+ii]= 6
29 " V297 V29 ) e

In Cartesian Form :
A A 2 A N 4 » 6
[+ '+zk],[—~—ri——'+—k}=——
i V25 V29l 29 29
o5} (B)H) 3
x)| — —_ —_— | ===
=) 9 J29 ) J29

= 2x-3y+4z=06.

5. Solution:
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11 THREE-DIMENSIONAL GEOMETRY

The given planeis 7 - (67 — 37 — 2k) +1=0

;_(5;__33__2§):1 ____________ (1)

Now | — 6% + 35 + 2k| = /36 + 9 + 4
— /49 =7

Dividing (1) by 7,

P

s 6, 3%, 27y _ 1
?‘(—$’E+$j+—?k) — =
which is the equation of the plane in the formfr ., =p
~__ _6:, 3%, 27
Thus, n = —?% + ?j' + ?k
which is the unit vector perpendiculanto the plana.through the origin.

Hence, the direction-cosines of m.are < — =

~1len

3
T2

=16z

1

6. Solution:

Vector in the direction of first line

z—4  yt+3 az+1
3 4, W 5

b= (31+4)+ 5k)

Vector in the direction of second line

r—1 Y+l 2410

4 -3 5
d =47 — 3]+ 5k

=~ 0, the angle between two given lines is given by:

SHIVOM CLASSES - WhatsApp for Notes (8696608541) (28)



11 THREE-DIMENSIONAL GEOMETRY

o b-d
cos 0= ==
il

(37 +4] +5k)- (4 -3] + 5k)
" |i+4j+5k||ai -3+ 5k

O+ @EDHOG)
T J9+16+25V164+9+25

12=12+425 25 1
- Js0450 Ts50 2
14
Hence, 8= 3
7. Solution:

The given line is:
F=(i—j+k)+A2i— j+ 3k)

and the given planeis 7 - (2% —|—EE — fe] =4,

oty

Now the line is parallel to 2i - ?,-‘ +Bk.and-nor-mal to the plane 2i+1 -k

If ‘0’ is the angle between the line'and the plane,

then (% — EJ) Is the angle between the line and normal to the plane.

Then

(n B) Qi-j+30).Qi+j-k)
s [E-0] - + 34 —k)

1|I'a=1+1+'Ei'q.(':ri+l+1

4-1-3
= sin O = m=
=D 0= 0.

Hence, the line is parallel to the plane.

8. Solution:
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11 THREE-DIMENSIONAL GEOMETRY

(i) The given lines are

1-x Ty—14 z—3 .
3 p— B — g e (1 ]
— —5 — \

and . = 1 =

These are perpendicular if:
: 3A A

-2 =D +2(-5)=0
( 3)( ?]+[?]{) +2(-5)

it 2o 0-0i %10,
777 7

Hence A = 1.

(ii) The direction cosines of line (1) are <-3,1,2>
The direction cosines of line (2) are< -3,1,-5>
Clearly, the lines are intersecting.

Long Answer:

1. Solution:

Comparing given equations with:
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Now, E:I' X 32 =

= i(-10412) = j(~5+6)+k(4—4)=2i =] .

. |b, X b, = \/{2]2+(—1)2+02
=V4+1+0 = 5.
Also, ay—a, = (i —j+26)—(4i - J)
= —3i +2k.
: (&, >"‘[_".z)'("z_'al)
< d,the S.D. = ==
|i:rL xbzl
l{zé’ —J) - (=3i +26)]
= V5 |
2)(=3)+(-1)(0)+(0)2)|
= ¥ |
_|=6-0+0| 6 * 65
T A5 TS5 T s s
2. Solution:

Let O be the origin and OA, OB, OC (each = a) be the axes.
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11 THREE-DIMENSIONAL GEOMETRY

Z
'Y

X
Thus the co-ordinates of the points are :
0(0,0,0),A(a,0,0),B(0,a,0),C(0,0,a),

P(a a,a),L(0,a a),M(a, 0,a),N (a a, 0)

Here OP, AL, BM and CN are four diagonals.

Let <1, m, n > be the direction-cosines of the given line.
Now direction-ratios of OP are:

<a-0,a-0,a-0>i.e.<a,a,a>

ie.<1,1,1 >,

direction-ratios of AL are:

<0-a, a-0, a-0> i.e. <-a,a,a>

ie.<-1,1,1>

direction-ratios of BM are:

<a-0,0-a, a-0>

i.e.<a,-a,a>ie.<1,-1,1>

and direction-ratios of CN are:

<a-0,a-0,0-a> i.e. <a,a,-a>

Le.<1,1,-1>.
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11 THREE-DIMENSIONAL GEOMETRY

Thus the direction-cosines of OP are:

If the given line makes an angle ‘a’ with.OP, then:

()3

cos oL =
[{+m+n|
Socos Qo= Nz (1)
If the given line makes an angle ‘B’ with AL;
then :
- Gl {514
cos P=|l|=—F= - —-=
V3) \V3) W3
—~l+m+n
. cos = JTI -(2)
I-m+
Similady, cos y = L—mtl (3
V3
[+m—n| ‘
and cos & = 7 - (4)

Squaring and adding (1), (2), (3) and (4), we get:
cos? a + cos? 3 + cos? y + cos28

% [(1+m+n)?+ (-1 + m+n)?
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+ (I-m + n)? + (1 + m — n)?]

=1 (2 +m?+n?) =1 [41)]

| =

Hence,cos? a + cos? B + cos? y + cos?6 = %

3. Solution:

The two given lines are:

-1 _ y4 24 .
3 — 2 T e (1)
and 1’51 — f — lerz .............. (2)

Let <a, b, c> be the direction-ratios of the normal to the plane containing line (1).
~ Equation of the plane is:

a(x-1) + b(y-4) + c(z-4) ...(3),

where 3a+ 2b-2c=0...(4)

[* Reqd. plane contains line (1)] and 2a—4b +1.c=0

[~ line (1) a parallel to the reqd. plane] Solving (4) and (5),

a b c
= ;:3:__16
a b c
=5 E:;:*l"g-—-k,wherek;t{l.

a=6k, b="Tkand c= 16k.
Putting in'(3),
6k(x-1) + 7k(y -4) + 16k(z-4) =0
=6(x-1)+7(y-4)+16(z-4) =0
[k # 0]
= 6x+ 7y+162z-98 =0,
which is the required equation of the plane.

Now, S.D. between two lines = perpendicular distance of (-1,1, - 2) from the plane
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|ﬁ(—l]+ 7(1)+16(-2)—98

LE. SD=| J{6]2+(?}2+(16)2
‘—6+?—32—93 129
= |J36+49+256| = 341 MM

6(-1) +7(1) +16(-2) - 98
V(6)2+ (7)%+ (16)2
-6 + 7-32-98 V36 + 49 + 256

4. Solution:
(i) Cartesian equations
Any plane through (2,2, -1) is:
a(x-2)+b(y-2)+c(z+1)=0..(1)
Since the plane passes through the points (3,4,2) and (7,0,6),
~a(3-2)+b(4-2)+c(2+1)=0
anda(7-2)+b(0-2)+c(6+1)=0
=a+2b+3c=0..(2)

and 5a-2b + 7¢=.0 ...(3)

. soa 0y C
Solving (2) and (3,].14+ﬁ = %7 — T5-10
as~ b _c
T 90 8 T —12
b
= % i = _ig =k (say), valuek # 0.

~a=>5kb=2kandc=-3k

Putting the values of a, b, c in (1), we get:
S5k(x-2)+2k(y-2)-3k(z+1)=0

= 5(x-2) + 2(y-2)-3(z+ 1) =0[~ k # 0]

=» 5x- 10 + 2y-4-3z-3=0

=» 5x + 2y-32-17 =0, ...(4)
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which is the reqd. Cartesian equation.
lts vector equationis 7 - (5% + 25 — 3k) =17.

(ii) Any plane parallel to (4) is

5x+2y-3z+A-0..(5)

Since it passes through (4, 3,1),

5(4)+2(3)-3(1)+A=0

=20+6—3+A=0

=>A=-23.

Putting in (5), 5x + 2y - 3z - 23 = 0, which is the.reqd«equation.

its vector equation is 7 - (53 + 27 < 3k) 223

Case Study Answers:

1. Answer:
I.(b)<1,-2,2>
Solution:
Equation of plane isx - 2y + 2z = 3
.. D.R.'s of normal to the plane are ,/which is also the D.R.'s of perpendicular

from the point (3, -2, 1) to the'given plane.

. (c) 2 units
Solution:
Required length = Perpendicular distance from (3, -2, 1) to the plane x - 2y + 2z = 3

3-2(—-2)+2(1)-3

V/12+(—2]|2+22

6 .
—E—Zumts
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x—3 _ yt2 z—1
= =

iii. (b)
Solution:

The equation of perpendicular from the point (xq, ¥4, 21) to the plane ax + by + cz = d is given by

Here, xy=3,y1=-2,zy=1anda=1,b=-2,c=2

_ +2 _
.". Required equation is x13 = }’_2 = Zgl

iv. (d) Both (b) and ()
Solution:
The equation of the plane parallel to the plane X — Zy +2z2—3=0isx— Zy +2z4+A=0

MNow, distance of this plane from the point (3, -2, 1) is

3+44+2+ A
11_,¥{19+|[—2)2+2g

:‘EI+}\‘
3

But, this distance is given to be unity

9+ A =3
= A4+9=43= A= -6
or-12

Thus, reguired equation of planes are

X-2y+22-6=00rx-2y +22-12=0
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—o
V. (a) (%%T)

Solution:
Let the coordinate of image of (3, -2, 1) be
Q(r+ 3, -2r-2,2r+ 1)

Let R be the mid-point of PQ, then cocrdinate of R be
r+6 —2r—4
(5% e+

Since, R lies on the plane x - 2y + 2z = 3

3 (f;ﬁ) —2(‘2;“‘) +2(r+1)=3

=>9r=_12:>1.:_%
Thus, the coordinates of Q be (% } %, —Tﬁ ) *
2. Answer:
i (d) %; — % _ %
Solution:

Clearly, the coordinates of A are (8, 10,0)@and D are (0, 0, 30)
', Equation of AD is given by

x0 ¥y 0 _ 30z

80 — 1090 30
x Yy _ 30-=z
~ 1= 5 15
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i (b) D4/ 61m

Solution:

The coordinates of peint Care (15, -20, 0) and D are (0, 0, 30)

.". Length of the cable DC

= /(0 —15)2 + (0 — 20)% + (30 — 0)?

— /225 + 400 + 900
— /1525 = /61 m.

iii. (a) — 61+ 43 — 30k
Solution:

Since, the coordinates of point B are (-6, 4, 0).and D are (0, 0, 30), therefore vector DB is
(—6 —0)i+ (4 —0)j + (0 — 30)k,
e, —61+4) — 30k

v. () 171 — 6] — 90k

Solution:

Required sum
(81 +10j— 30k) + (=61~ 4] — 30k) + (151 — 20j — 30k)
171 — 6j— 90k

v. (a) v/ 164 + /52 + /625
Solution:

clearly, OA = vV 82 + 1[]2 = /164
= /6% +4%2 = /36 + 16 = /52
and OC = /152 + 20 = /225 + 400 = /625
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