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‘CTOF WO VECTORY
I, 8 ‘ \lm KJ\WS Of produets between two vectors,
2, K'Cg;:\; lpm d;m (OR) Dot Product.
<. rtroduct (O “ ‘
Scalar Produce; (OR) Cross Produet,

1 jx ._.b A0 tWo non-zero veetors and it the angle between them is 0 then D 1s defined va i B =
@ 1|d] cose
Case (1), If ('iL b are Like vectors then 0 = 0°,

@b = |d||b| cos 0 = |d \|b
Case ). 1F &, B are Unlike veetors then 0 = 180°

@0 = a||B] costo0° = |t ||h]
Case(3). If'd, b are Perpendicular vectors then 0 = 900,
. a.b=|d Im Cos90® =0 =» ¢, he=0

I0& = q,0 + Q) + agk and b = Dyl byf + by nre two vectors then the Sealar Producet i s

defined as a b =aghy + agh, + asby (Scalar)
Properties of Dot Product;

L. *ﬁ.b“u b.d _.2.(1.(—17)= —(d.b) 3.d.d=|d||d Cos0e= |d | = a?
& ma).b=m(@.b)=d.m(h)

Angle benween vectors:

There are

Let O be the angle between two non-zero vectors i@, b. Then

d.b=|d||b|Cosvt = Coso= -—rTIgI'Bb

Composition Table of Dot Product:
e i J k
i 1 0 0
J 0 1 0
k 0 0 1

Projection of a Vector:
Let0A=d , OB=DF. Let0bethe angle between @ and b.
~.The Projection of bon d =0M = AL Similarly the Projection of @ on b = L]

ar 1]

Vector ( or Cross ) Product of two vectors:

The vector product of two non — zero vectors @ and b is denoted by &
@ X b and is defined as

@X b= |dl||Sin0 .y
Where 0 is angle between d and b, where 0 £ 0 S 7 and l is a unit x\4

vector perpendicular to both @ and bsuchthatd, b and fi forma right N

handed system. 5 e

(i). Ifeitherd =0 or b=0then @ X b =10

712:v R w0 h ie a vectnr




(i) 1f d and B are parallel then d X b = @
(iv). 110 = 90° then dxh= |d||],'|
Composition Table of Cross Product:

X f J k
i 0 k =
J -k 0 f
k J ~1 0

Angle betwveen yectors:
Let 0 be the angle between two non-zero veclors a and Z’.Thcn )
@xb=|a(b|smon = |dxb|=|d|bsmo = Sino = L,’,ﬁ,,’;’[l
Unit vector oth the veetors it and b
Axb=|d||b|Smoa ..(1) then
|aXb|=1d||b|smo ...2) ()+@2) A= 127:’}1
Ifd = asi+ apf + a3k and b = byt + b, + byk are two veetors then the Vector Product d %

b

Lotk
isdefinedas  dXb =|a; a, ay
by by by

Arca of a Parallelogram: [&' X E|
Note: Area of a triangle with d and b as adjacent sides = Area =-;- |Ei X b |
Note: When diagonals d, and 'd—z' are given, Area of a Parallelogram = % |.cT; X El—; |
Relation between Dot and Cross Product:
@5)" +|d x B = 1a1?B|"
Note: Stress on Position Vector Concept

~ Convert a position vector to Cartesian form of a point and vice-versa
Position Vector (Vector Geometry) Point in 3D Geometry(Cartesian Form)

0P = xi + yj + zk P=(x,y,z)
0A=21+3—k A=(2,3,-1)
C=(I1'2"3)

-

0X =3i—5]+ 4k

Y=(-2,-5,-7)

Activity to remember the concepls:

Requirement If one vector is given | If two points are given in the
in the Question (Not Question

applicable to position | A(x1,y1,21) and B(x2,y2,z2) OR
vector) F=al+ OA = x i +y,]+ 2.k &

bj + ck OB = x50 + yof + 2,k

Direction Ratios of a vector

Magnitude of a vector

Direction Cosines of a vector




Unit Vector in the direction of

A vector with magnitude K units and in

"'c dilccﬁon of
g Saa ﬁ‘
] l.‘ I S (

AELIEEL® 41+ 5)+ 0k and Si+6f+4k
L. If the position vectors of the vertices of a triangle be
then the triangle is
| ‘quilater: these
(a) Right angled (b) Isosceles () [:quilateral (d) None of
Sol:  (¢) Lquilateral, since each side is of length v

i : ' iti ors
2. The perimeter of the triangle whose vertices have the position vect
and Q100 G0 oiven by

(a) 18+ 1% (by 184187 gy V15 =157 ) V55 + V157 8o1; (a)
b dia2j-ak s al = V1641644 =6

bocdia2jal2kes| b = 1444449 =187

o ddjuBhoa|c| oA 41641m0

(s )4 k) (Sh4+3)=3K)

Hence perimeter js 154 V157

3. The position vectors of two points 4 and B are 1+)-k and H-=J*k respectively. Then
| AB| =

(@2 (B3 ()4 (d)S Solk (b)

AB =i =2)4 2k =4 AB|=)
4. The magnitudes of mutually perpendicular forces a, b and ¢ are 2, 10 and 11 respectively.
Then the magnitude of  its resultant is

(@12 ()15 (€)9 (d)None Sol: (b)

ReJa<1004121 =158
s The system of vectors I, f, k is

(a) Orthogonal (b) Coplanar (c) Collincar (d) None of these  Sol: (a)
Itis a fundamental concept.

6. The direction cosines of the resultant of the vectors {*+1+X). (i+1+ k), (1=J+k) 54 (+j-k)
are

N N =

Resultant vector =21 +2j+2k.

1 1)
Direction cosines are (7? I 73.]
7. The position vectors of P and Q are 31 *+41+ak gng ~142)-2k peqpectively, If the distance
between them is 7, then the value of a will be
(a)-5,1 (b)5,1  (c)0,5 (d)1,0 Sol: (a)
TuJS 417 +(4=-2 +@+2) ma+2=23  guos |
8. A zero vector has

(2) Any direction  (b) No direction (c) Many directions
Direction is not determined.

(d) None of these  Sol: (a)

"

9. A unit vector # makes an angle 4 with z-axis, If **+1+J j5 o unit vector, then a is equal to
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From (i) and (ii),
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(e) Unit vector  (b) Localized vector  (¢) Zero vector () Fres vactor Salt (B)

It s fundamental concept.

In the following questions, a statement of Assertionm (A} is fsllowed by & stutement of
Reaxon(R).Pick the correct option:
A) Both Awsertion (A) and Reason(R ) are true snd Reason(R) is the cormet sxplanation of
Assertion (A).
B) Both Assertion (A) and Reason{R ) are true bur Reason(R) is NOT the corvact
explanation of Assertion (A).
C) Assertion (A) b truc but Reason(R) #s false.
D) Assertion (A) is false but Reason(R) iy troe.
I, Assertion: & » b= o > ¢ then b = 43 *¢
Reason:If & » b =0, & is collincarto v
Sol. [A] Esb=ini, ixd-0 =0
ie. b-f=ii »b=1d+2
Asscrtion : If 3> b=F» 3, and B+f= b= 7 them - d is porpendicular w 32
Reason ; If i is perpendicular o jthen .= 0
Sol.{D}(Assertion false & reason is true)

!J

i*b=txg ~{1)
irt=pbad e {2)
subiract

ix (b-F)=(E-B)» I3-3) 2 (F-F)= 8. S0 i-I mpunlicing § - 2

3. Mﬂ:1{mp&an.Rhmm‘m£.i:Wm.iz?-,ii-i»Ezu.
then the points P, Q, R st be oollmes.
Reason: If for three points A, B, C. ; A8+ AC, fen fis paats &, B, C mast be cuilinee,




. Assertion: If

Sol. [A] 204 3b=35c=0 ,3(B-7)=5(c-7)

P-Ras/3(c-), AD=8/3 AC

Ali& AC must be parallel since there is common point A. The points A, B, C must be
collincar,

Assertlon: 1f the difference of two unit vectors is again a unit veetor then angle between
them is 600

Reason : If angle between & & b is acute than |a.b] < |4 |b]
Sol. |B]

Assertlon : &= {4 pj+ 2k and b=2i+ 3]+ qk arc parallel vector, If p =3/2,q= 4.

- . ) a “ » A ) a = a ﬂf—“—
Reason: I d=ayi+agj+ agkandb=byi+byj+ b3k arc parallcl }',ll' Ef by
Sol. A}

-4 -4 . D ' a-= h’!
Assertion: If a & b arc unit vectors & 0 is the angle between them, then sin = =

2 2
Reason : The number of vectors of unit length perpendicular  to the vectors

nd . . - . 3
a=i+j&b=j+kistwo:

Sol.|B] Assertion: |2 b [={a [24 b =2/ a | b | cos 0 =2(1 ~ cos 6)(al=bl=1)

- - el
la—-bPR=22sin? = sin%ﬂ"-"'Tbl

- -
Reason: Number of vectors of unit length perpendicular to the vectors a & b are two,

|

and 3.5=0 then either i =0 or b =0
=0, b =0 or 3 is parallel to b.

or @ is perpendicular to b.

a
Reason: 3 X b
i.6=0,3=0,
Sol: A

Since @ cannot be both parallel and perpendicularto b, we have 3 =0 or 5= 0.
. Assertion: If F=xi+ y}+7fc then equation Fx(2§-}+3l‘c) =3i+k represent a straight line.

Reason: If 7 =xi+yj+zk, then equation ¥x(i+2j-3k)=2i-] represent a straight line

Sol.[D] Reason:

A

i k
ix(+2j-30)=|x y z|=i(-3y-22)-j(-3x-2)+ k(2x-y)
1 3 -3

-3y-2z=2,3x+z=-1,2x-y=0
ie.—0x+2z=2,3x+z=-1
Straight line2x =y =0,3x +z=—1|
Assertion :

i j K
Pe@i-je3b=|x y 2|=iGy+2)-j Bx=22)+ i (~x—2y)
2 ~13 ’
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® k then find
S« Ifthe position vectors of the points A and B are 21 + 3j — kand 3i + 2j + e

the vector of magnitude 6 units in the direction of AB TR =1=]+ %
SOL: Given 0A = 21 + 3] - kand 0B = 3i+2/+ k then AB §2§)1¥ - =
A Unit vector in the direction of Al = Kﬁ = _l_;-_?_i = ;Tt"" - :;!;';' + Vé
R 2%
The vector of magnitude 6 units in the direction of Al = 6 ( 7";2 ~ +7 )
6. IP(1,5 9)and Q (4, 1, -2), find the direction ratios ori"('i‘__‘
SOL: LetP (1,5, 4) and Q (4, 1, -2). then OF = 1+ 5]+ 4k  0Q=41+]= 2k
and ﬁi:(‘)—Q‘-—- 0P = 3i—4] -6k .
The direction ratios of PQ = 3, = 4, - 6
Find A, if the vectors 31 + J - Sk and 31 + J = Ak arc parallel
SOL: The vectors 31 + j—skand3i 4] - Ak are parallel

7‘

3 . -
'ﬂ\cn.-:=1=-—3_ So, A=S5
3 1 =2

8. Find A, if the vectors 31 = | — Sk and 21 + 3] — Ak arc perpendicular
SOL: Let 3=3i— [—5kandb = 21+ 3] - Ak
If3and b are perpendicular then b =0

=3Q)-1(3)-5(=2)=0 = S5A=-3 then Aﬂ-?a

9. I3 =41+ 2] - kandb =51+ 2] - 3k find the angle between 3 + banda- b
SOL: Let3= 4i+ 2] - kandb =51+ 2] - 3k
Then 3+ b =91+4] - 4k = ¢, i-b=-1+2k=4d
So, the angle between & and d = Cosf = I: i;t'i'l = :e(:) ;;:_(?6- 441(? == J(T-;;\)IE
10. Find the projectionof =i+ J+4konb=21+]+2k
SOL: Given the projection of =1+ |+ 4konb =21+ ]+ 2k

_—r - g 1@ +1)+4R) _ 11
Projectionof @ on b B= ~ varres =3

SHORT ANSWER TYPE QUESTIONS

1. Find the position vector of a point R which divided the line segment joining the points P

and Q with position vectors i + 2j— kand -1 + i+ k respectively in the ration 2 : 1
i) internally ii) externally.

SOL: The position vector of a point R which divided the line

segment joining the points P and Q
with position vectors I + 2] = kand =1 + + K respectiv

ely in the ration 2 : |
Position Vector of a Point R is OR = 20483 _ 2(-1+i+K) +1(1+2)- k) = Z2+2+ 2k+l+2i"‘=
~i+ 4] +k i 31 3

3
2. Show that the points A (2, 6,3), B (1,2, 7) and C (3, 10, -1) are colli
SOL: Given points A (2, 6,3), B (1,2, 7)and C (3, 10,-1) » =1) are collinear.

Then, OA = 21+ 6] + 3k, 0B =1+2]+ 7k, 0C =31+ 10] - k
AB=0B-0A=-1-4]+4k AC=0C- O =14 4j_4¢
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If the position vectors of the points A and B are 2i + 3] - kand 31+ ik ethen
the vector of magnitude 6 units in the direction of AB
SOL: Given OA = 2i + 3] — kand OB = 31+ 2] +K then

G , A6 =42k _ 1 _ _L
nit vector in the direction of AB = 8] Jitits V6 \/g
Th p8)
e vector of magnitude 6 units in the direction of AB = 6 ( V6 ' V6

i
T_
6. IfP(1,5,4)and Q (4, 1,-2), find the direction ratios of P PQ
SOL: Let P (1,5,4)and Q (4, 1, -2), then OF =1+5 +4k 0Q=4i+]—2k
and PQ =0Q — OF = 31— 4] - 6k .

The direction ratios of PQ =3, -4, - 6

Find A, if the vectors 31 + | — 5k and 3i + J — Ak are parallel
SOL: The vectors 31 + | — 5k and 31 + | — Ak are parallel

Then,:—s-:l::—s— So, A=35

31 -2 ’

8. Find A, if the vectors 3i — | — 5k and 2i + 3f — Ak are perpendicular
SOL: Let 3= 3i— j—5kandb = 2i + 3] — Ak
Ifdandb are perpendicular then deb =0
=3(2)-1(3)-5(=1)=0 = 5A=-3 then A="

9. Ifa=4i+2j— kandb=5i+2f- 3i<ﬁndtheanglebetweena+ banda- b
SOL: Leta= 41+ 2] — kandb =51+ 2] —

Then3+B'—9i+4j 4k = ¢, 5—B'=-i+2ﬁ=a'

cd _ 9(-1) +4(0) = 4(2) _ (=17)
- So, the angle between ¢ and d= Cosd = I = VeTricr R Vird  Vinive

10. Find the projection of d =1+ j+ 4k on b=2i+ j+2k
SOL: Given the projection of =1+ |+ 4k onB = 2i +7+2k

= _ﬂ 1(2) + 1(1) + 4(2)
Projection of @ on b ] = ==

SHORT ANSWER TYPE QUESTIONS

T

1. Find the position vector of a point R which divided the line segment joining the points P
and Q with position vectors i + 2j —
i) internally ii) externally.

kand —i +§+ k respectively in the ration 2 : 1
SOL: The position vector of a point R which divided the line segment joining the points P and Q
with position vectors T + 2f — kand -1 +7+ krespectively in the ration 2 : 1

¥ ' . == mbind 2(-i+j+k)+1(i+2]-k) -2 -k
Position Vector of a Point R is OR m+n v g

2+1 3
~i+4j+k - '
———

2. Show that the points A (2,6,3),B(1,2,7)and C (3 10, -1) are colli
SOL: Given points A (2, 6, 3),B(1,2,7)and C (3, 10, -1) near.

Then, OA = 2i+ 6]+ 3k, OB =1+2]+7k,

—

1 + F7k,  0C=3i+10] - &
A8 = 0B— OA=—1—4]+4k AC=0C- OA =1+ 4j— 4§




AB = (=1)AC , AR s parallel to AC and A is common point. (Alter D.Rs of two
veetors are in proportional) S, the ¢ given points A, B, C are collincar

3. "; b and @are three - unit veetors such that @+ B + ¢ =0, prove thatd x b=b x ¢
=7 X .

. b1 ' - P
SOL: Given @, band € arc three vectors such that i + b+ &=0 #+b= =&
By pre cross multiplication of & and b on both the sides respectively, we have

"‘x(“'H’)""dXL implies XA+ aXD = ~aX¢ thatis aXb = &¢Xd ...()
hX(:H l)):'-'-hxa = DbXA+Dbxb = ~bX¢ = dxh =bXe ...
From (1) and (2), we conclude that X b = bXe¢= ¢X 3

4. Find the area of the parallclogram with diagonals 3i +7 + 2k and i - 3] + 4k.
SOL: If dy and d; are diagonals of Parallelogram then Area = = |(l, X d; |

LS T 'S O [ T
by by by 1 =3 4

=14+ 6) =](12 = 2) + k(=9 - 1) = 101 - 10] - 10k
|d; Xd; | = V100 + 100 + 100 = 10\/'
Area of Parallelogram = = Id, Xd; | = 5v3 square units

5.  Find the unlt vector pcrpcndlcular to vcctor =f- 7] 4+ 7k and b=3i- 2] + 2k
SOL: Given a=1-7]+7k , b=3i-2]+2k

A Unit vector perpendicularto @ and b = fi= ig—i—%i
ot kK op oy K
aXb= a; 4d; az|=|1 =7 7
b; by b; 3 =2 2

=1i(-14 + 14) = J(2 = 21) + k(=2 + 21) = 19] — 19k
laxb|=y(19% + (19)? = 19V2

A Unit vector perpendicularto @ and b=fi= |§:§| = 1‘)1,;};‘2:-"?:
6. Showthat (A—b)X(@+b)=2(axb)
SOL: LHS =(3—-b)X(3+Db) Note:3Xb =-bX3
=@X3)+ (3 Xxb)—(bx3)—(b Xb)=0+(F X b)+(3Xb) -0

=2 (3Xb)
7. fd, b are any two unit vectors and 0 is the angle between them, then show that
(] b . g
Cos (-z-)r-- -|a +“b|
SOL: Given || = 1, |b] = 1, we have 3.3 = |3||d] Cos 0° = |3 |? = a?
- 2 — s -
| + b| = |31+ |b|2+ 23D
= (1)% + (1)% + 2|3 ||b| CosB; =1+ 1+ 2 (1)(1) Cosd
=2(1+Cos8) =2 (2Cos?3

IE + Bl =2 Cosg then Cos (g-) = %Fi + El



A 7 ,7f n?d & are 3 vectors with magiltudes 34 sl éryspeéﬁvely and U+ byt = 0
tnd @40 ¢ 4 8
BOL Given i =3, [b] = [¢) =4, il 4 =t
(b T &) s (A T g By (it 4 T4 )
o {2 024 f] A A
094 254 164 2 (ils 4 linét ceil)
Ho b 4o E Lot e S0

Cpalie by nted

0 W= at b2 ak Tyt g 2 4 Toand & = 314 ] aresuch it i+ 2D 1o
perpendieular (o & then find the value of .
SOL: Glven = 2142+ 3k Do ofg gk C=014] ;
Ao AD w20 2] b A A(=1 b 2 ) = (T 4 (b DY) (A ok
a4 Al fs perpendicutir o & = (i + 73;). =

()2 =2) + (1)(2 A4 2R 4 (0)(B 4 2) = 0 29 G Bh DA 2 =0 =5 b= Ry
10,4 @ =44 a) + 2k, = g1 4] = b ara orthogons! and RIE U;[thgn find the yaluss of 4 314 fb:

5OL: Given = 14 af 4 2k, 1= (14 ] =k are orthoginal anet | #) = | bf
dhw0m L bul b t=1=l0mfiyast==~1) und

ST a4 2 JT4 104 (=) a4 b= P 47 7w ? = 4%

implles f§ = « = -;-»- = (2) by s0lving (1) and (2) « = ;’;,/} = i,
#4 il “

¥ 4 ’ gt

1. Relative to a fixed origin O, the points A, 1 and C have respective position veetors i+

10%, 41 + 3] + 7k and 81 + 7] 4 3k,
() Show that A,B and C are collinear,
(fy  Calculate the ares of the triangle OAC,
Sol:
(i) AT =(41 4 3] + Thy-(1 4 10k) = 31+ 3] ~ ok
BC =(81 4 7] + 3h)-(41 4+ 3] 4 7h) = 41+ 4] = 4k
Clearly, the direction ratios of A1 and TC, B is a common point, so A,B and C are
collinear, Ratio of AB:BC is 3:4
(if) Area of triangle ABC=2|ACI|0]

L((0¢) = (M| VTFTFTI=5 |(714 7] = TENTA

and finid the ration AB:BC,

s-s.;. 0678 = -;-1/221" sq. units
2, Lc;amzhzfi-—m?, isﬂzhz}mé and ¢==2i+3+ 6k , Let i, be projeetion of 5 on b and

4, e the projection of 4,00 ¢, then

(iy  Find the vector i, (if) Find the vatue of 4,5

P A0 e R I~ i

s akivarh & ARSI ISR Yr %Ff%

< ke oF




Sol.

z", W 5|=[(2§+3j—6i) 2i- ‘7“6‘0 21—3J+(,;\ _.”

2i-3)+6k
, - o Qi=3j+6K)
O < oM s s S (<0434 6K) |- 21435+ 6k
By = 2 Qi gje e SR LN) |24 6k L (=4-9+36) (2i+3j+6K)
N 7 7 (49‘

N‘ n - -
=— (2i-3j-6K
P (21=3j-6K)

. - = =d1 NG A A .

(D) P b= Qi34 6kK2i-3j+ 6h) = - 41,
3. Ifeachof 4, b,  is orthogonal to the sum of the two. Also given |3 |=3,[6]=4,]¢|=5.
On the basis of above information, answer the following questions.

(i) If 3 makes angles of equal measures with all three axcs, then the tangent of angle
becomes,
(i)  Ifa.c=9 then the value of |3 x|
(i)  Find the range of the value |i-b| (OR)
Find the Value of |a+b+¢|
Sol: Given that,|a|“3 6] =4, 8| =5—()
Andalso, 3, b, ¢ is orthogonal to the sum of the two then
a.(b+&)=0=dab+ac=0
b.(+d)=0 =b.&+bd=0
c(@+b)=0=>2d+éb=0
So, by adding above equations then

e Ty T AT
[ perit g i g At

2(@.b+b.¢+&d)=0-———(2)

2 ) If 2 makes angles of equal measures with all three axes then
3cos?0 = 1= cosf = J.. Then Tanf = +v2

(ii) 1fa_a=9=>34cos(a.6) 9= cosa=2 (@B5+a.z=0)
. d.b=—d.¢ = -9 = |d||b|cos(d,b) = -9 = cos(a b) = :—3

: Then, sin ((a,b )=Z  |ixé|-34sina= 120 =3y7
e then the value of |3 xb|=3V7
_ it o e
: (i) 13 —b]|% =dl?|p| —2(d.b)=9.16 - 2.3.4(cosh) = 25 — 24[—1,1] = [1,49]
li-b|=[1,7] (OR)
|a+b+c|2=la|2+|b| +&? + 2(d.b ¢+¢.d)
=9+16+25+0 =50
Then, |G + b + &| = V50 = 5v2




CHAPTER 1 VIIEE DIMENSTONAL GEOMPTRY

GhtRummaiy of Al lexxon (e nnitons ad Pormulas)

Combion sl peviendivatar: 1 ine v Tines s ettt s 7 @' g, vl

=5 !33 b ﬁiqfﬁé 1 B, w41 W 2 h’.’}f% (RANEN w9

o osodh o B

b On o pyas bl e v T ae paaiiel o 000 # SIRE S

Kimilarty, Mos fl
BT
Litrireiion o fwe Hine
Dyoterming whetlet Lo Hises ntesed o T eae ey faieeset, e Felbasuinms Rlgrtthm iy weed
T R R bt of e o
Alganithmg
¥ oa Fhi o B e Yu¥ o YN §u) Nk ek E00 w Rodi )
Lok the s Biives e 2 e ddh s 00 W 5 ! F B
A A, ¥ . " "
Srep 1 Wil Whe cosontingten of genera) pafits on () And T, The e dnlinatis of gemeal fain s
sk i SRR 2. TH0 0 (R 5 (e O L
(Y aid (1) mre plven by Sesid e dadl pfaibad aivd ) g .. A
$ P @ h L5 P"‘g 3

1 1 0y
AU RRT Y ERPREIT EEAR UL RENTER PN SRR PREY (I #)
Nheps I0 01 the Dives o) ad Q) tnteisedt, then they have & common pofi,
R R TR PN YRR ST
ahd d L By
Riep W1 olve any tvo of the quations iy A and g obiained 1 xtep 11t valiks of 4
aid o ntinty 1he thind equation, then the Ties (1) Bd (1) interact, othierivie drey oo ot
ferment,
Ntep IV 1 To obial (he cosoidinates of the poiat of fatersection, subsiitits the valie of A{or ph T
the voonstiiates of geieral point () obiained instep 1,
Yoot of peependicular from a point A(e, B P 1o Dhe Hae ~l e f b nr' oy HE b b B
of perpendicular, then P B traxome o vz ) Vind the mmm Fadox of A8 amd apply e
condition of perpendiculailty of AP and the given line, This Will give the valee of » amd b the
potnt £, which ix foot of perpeiidicalar,
Length and equation of perpendionlar 1 The fength of the petpeadiontae is T diviange 47 and iy
equation s the Hne joining s knowi points A4 and P,
The fength of the perpendicalar i the peipendivalar distance of given point Fom that Tine
Hefection or Inmge of & polnt in s stralght Tive o 1T the perpemdvulat P
£1, from point £ on e given Hine bo produced to O sach that PL = O,
en () 1s known as e Imnge of reflection oF £ in the given T, Al /,
15 thie Toot of the petpendicolar or the prajection of 2 on the Tine
e The number of Hoes wWhich are equatly Inclingd 10 the vos
ordinute ares ls 4,

e A0, e fhe does of & lne, (hei the maximum valug of bea « *“%f‘
Wi

A4 bl
(¥ e g A4 AD TG Ay ,;5, ¥ ln,@ ,gz,gl "y




X=Xy Yi=Mr =)
a, b, (]
a ¢

(rcrohaen? $eraz-c1a) Hay

vy X=X - - -y 3
(i1) l='y‘v‘="l&)“ *I=L‘)'a=l‘lai‘
Rl b‘ €y Ny b; Cy k

b;"ﬂ;b|)
(ii))Parallel lines 7y = d, + Ab &5 = dy+ b is |574(7i"§-|-ﬂ])| anlid
:\!!2'2 “g!}\'ggn two “ns&

100" is the acute angle between 7y = d, + Ab;&T; = d, + pb; then,

cos 0-'\ Loy ‘

ENIEN

x=X p—y - __ _
lf ll‘ '—:J )1=t !1 n“dr rl =}' yl:'
1 my ny m,

-z " .
: - L arc the equations of two lines,then acute angle between them
2

is cos0=|ly1; + nymy 4+ nyny|

Activity to remember the main concepts:
Given form

Standard form | Standard form | Figure | D.r's  of
ofalincin of a line in

Any point

a line are | on the line
Cartesian form | Vector form

Ix=2y=z2

x=ay+b; z=cy+d
X—2 2=y
1 =3 iZ=2

MULTIPLE CHOICE TYPE QUESTIONS
If @, 5,7 be the angles which a line makes with the positive direction of co-ordinate axes,
then sin’ca +sin’ f+sin’y =
() 2 (b) 1
Sol:a) Since cos? a+cos? B+cos?y =1
=Tsin*a=3-1=2.

(c)3 - (@O

2. Ifo,B,y be the direction angles of a vector and cosa =]l—:-, cos f= % then COS Y =
() 4= ®) 5 © *ic (d) None of these
Solution: (a)cos? a + cos? B +cos’y =1 = cosy = Jl - 1—;)2 - G)z = J%- (%) = i;?;-

3. The direction cosines of the line x=y=Z are _
® e ®) 733 ©1nL1,1 (d) None of these
Sol: (a) Direction cosines [7‘? 7%7'?}

4,

If a line makes angles of 30° and 45° with x-axis and y-axis, then the angle made by it
with : - axis is




10.

11.

12.

A

(a) as° (b) 60° (c) 120° (d) None of these

Solution: (d) cos y = fl -1 ,:;‘- which is not possible.

If the co-ordinates of the points r, Q.S be(1,2,3), (4,5 7 (-4, 3, - 6) and (2, 0, 2)
respectively, then

@) POy & (b) PO L&S (c) PO =RS (d) None of these
Solution: (d)Find angle between the lines PQ and RS, we get that neither PO RS nor
PO 1L RS Also PQ » RS.

ilftht: projections of a line on the co-ordinate axes be 2, -1, 2, then the Iength of the lines
s

(a) 3 (b) 4 ()2 (d) 15

Solution: (a) r=v4+1+4=3.

A linc makes angles «, 4,7 with the co-ordinate axes. If & + B =90° then y =

(a) 0 (b) %° (c) 180° - (d) None of these
Solution: (b) Here, cos? @ + cos%(90 — &) + cos’y =1
= cos’a+sin'a+cos’y =1 = COSZ}’+1=1:>7=90”'

Points (-2, 4, 7), (3,6, -8) and (1, -2, -2) are

(a) Collinear (b) Vertices of an equilateral triangle

(c) Vertices of an isosceles triangle (d) None of these

St (-(-2)) _ _-6-4 _ _-8-7

olution: (a)  Here, = s S ror

= —-;- = —-i- = ‘%‘ Obviously, points are collinear.

The direction ratios of the line joining the points (4, 3,-5) and (-2, 1, -8) are
6 23

(a) T3 (b) 6,2,3 (€) 2, 4.-13 (d) None of these
Solution: (b) Direction ratios are, / =4 —(—2) =6, m=3—1=2and p=—-5+8=3

a=6, b=2, c=3

The co-ordinates of a point which is equidistant from the points
(0,0, 0),(a,0,0),(0,b,0) and (0,0, c) are given by

abc a b ¢ 0 - B ¢ a b :
(@ (;.;.;) (b) (-;,—;.;) (© (;,—;,—5) (d) (_5"2"-5)
Solution: (@)  Let point be (x, y, z), then P=x2 + y? + 72
=(x—a)l+y*+22 =22+ (y=b)P+22=x"+y*+(z—¢)’

a b c
Thereforex =2,y = -z-and z=:.

The angle between the lines 2 =Y =% and £_2J _Zis
1 0 -1 3 4

. Al o
(a) cos™* () (b) cos” 3 (c) cos™

Solution: (a) 6 = cos™ (—‘/%L—\ﬁ:ls'eﬁs') = cos™! (':_:) = cos™! (— %)
x=l _p=2 =+

I ~—— is the equation of the line through (1, 2, -1) and (-1, 0, 1), then
/ m h

(1, m, n) is

(a) (-1,0,1) () (1, 1,-1) (©(1,2,-1) (d) (0, 1,0)

-2 =2 _2 .
Solution; (b) T m o (, m,n) are (1, 1, 1),

e m csmmsims asawimclannr asAb



z x=1 -2 __ 2-3,
-l—and——y-—=-—|s

(@ 1,-1,-1) (b) -1,-1, 1) () (1,-1,-1) (@) (=1, 1,=1)
Solution: (a) Trick : Both lines are satisfied by (=1,~1, —1).

14. The angle between the lines whose direction cosines are proportional to (1, 2, 1) and @ -
3,6)is

(a) ws"(;%) (b) 05" (7 f) © COS“(;H @ m(?%}

: — - (1)(2)+(2)(—3)+(1)(6 -6+6 2
Solution: (a) 8 = cos [ﬁ/ﬁ?ﬁ)(y:—% =cos™! 3_ \/t_] = cos~ [Tf]
15. If P(5), Q(3), R(7) and S(5) be four points such that 35 + 83 = 61 + 53, then the lines PQ
and RS are -
(A) skew (B) intersecting (C) parallel (D) none of these
Sol.[B] Given3j +83 =67 +53

15, The pomt of intersection of lines =—

D . SN
2

3p+84 _ 6T+55

8+3 " 5+6
The point which divides PQ in ratio 8 : 3 is the same as the point which d|v1dcs RS in the
ratio 5 : 6. Hence, the line PQ and RS intersect.

=0,
16. The perpendicular distance of the point (2, 4, ~1) from the line == = 2= s
(a) 3 (b)5 ()7 @9

Solution: (¢) The perpendicular distance of (2, 4, — 1) from the line -x—+5 S har-adantear is

= {(2 + 5)2 +(4 + 3)2 +(=1- 6)— [1(2+5)+4(4+3)—9( 1_5)] }

V1+16+81
,147 2 =147 -98 =49 =7 (o) d= Af:i
1
— - -l —
17. The angle between two lines —;— = %—- = -z__—4- and 51—4 = y—z—' = —:—1 is (a) €8 (9)
cosY 2 s 2 cos™I[ 2
(b) 5 (©) 9 (d) 9

o o1 (@M@ -1 d
18. Equation of x-axis is
"_2‘_.__ L A LA Y 2adE
(a) T - 1 (b) 0 1 1 (C) 1 0 0 . (d) 0 0 1
Solutlon (c) It is obvious.

19. The angle between the pair of lines with direction ratios (1, 1, 2) and

(«,/— - ,—\/— 1,4) is o
(a) 30° (b) 45° (c) 60° © o (d) 90°

-1)~1(V3+1)+2
Solution: (c) cos 8@ = 1630 ;SJ_H)J' Xt = = 0 = 60°.
20. The acute angle between the line joining the pomts (2,1,-3), (-3,1,7) and a Ilne parallel
-] - p S Z2%¥3

to3’4 5

ST AL A3 ) L
(@) °* (371‘0’) i (Jﬁ) = (sJﬁJ S l(SJm)

through the point (-1,0,4)is




}‘__\,JT

fL/V;A‘ /:;:\ :

mlAYvla

n
a

N

Solution: (a) Direction ratio of the line joining the point (2.1,-3), (-3, L7)arc (@, by, ¢,)

=(-3-21-17-(-3) = (-—5,0,10)
x-1 §_=_2_§_3_ arc (ay.by. €)= 6.4, 5)

c.—-——-—-!

Direction ratio of the linc parallel to line =3

Angle between two lines,
aay +biby 440y

1,38, .2 | 2443 1
\["l +h +0; \/n2 +hy 40

35 7
cos (/) ‘-‘T'—Tz =5 = ms“'(—-—-—-
2510 sJio )’

ASSERTION - REASON BASED QUESTIONS
atement of Reason(R).Pick

(-5 x3)+(()x4)+(l() x5)

s =
ca J25 404 100 Jo+16 + 25

coy =

In the following questions, a statement of Assettion (A) is followed by a st

the correct option: : g
A) Both Assertion (A) and Reason(R) arc truc and Reason(R) is the correct explanation of

Asscrtion (A). '
B) Both Assertion (A) and Reason(R) are truc but Reason(R) is NOT the correct explanation of

Assertion (A).
C) Asscrtion (A) is true but Reason(R) is false.
D) Assertion (A) is false but Reason(R) is true. .
1. ASSERTION: Equation of a line passes through the point P (2, - 1, 3) & perpendicular to the
fnes Ly &= (i =] +30)ta @i 2] + D) &Lt 1 =(i+3kpB (i +2j +2) bothis

T =i -] +3k)+s (6 -2 ] +6K)

REASON: Let, L1: T :? =a, + ;tt;; . Then equation of a line

=a +Ab & Lair =a
passing through the point P(i ) & perpendicular to the lines L; & L2 bothis r = a +1(

by X b;)
SoL[A] a =2i-]+3i ByLi:b=2i-2j +i ByLa:by=i+2j+2i
p— l j k - A "
By xby= |2 -2 1| =-6i-2])+6k
1 2 2

- -
r a

+1(b1 X by)
ects at a point then(g-) bxd) =0

Then, required equation of line is
ASSERTION : If the lines F=a+Ab and F=g+pd inters

REASON: Two coplanar lines always intersects.

Sol, [C] ,

1 .
ASSERTION: The angle between the rays of with d.r's (4, -3, 5)and (3, 4, 5) 1s 7
REASON: The angle between the rays whose d.c'sare 1}, my, nj and I3, m2, n2 is given by
2+nn

3.

whose cos @ =ljl2+mm
3212425\ _25 _ 1 o oc-11

Sol. |B] cos = ( Ja0vs0 /50 z=°0 cos 73

4 ASSERTION: A line makes 60° with x-axis and 30° with y-axis then it makes 90° with 2-

axlis.

_n
3

e e kT T Pn
aan a2




mﬁm@iﬁ?&?%"yrwww ki it PR S G s R DA

st St g
s .L"Lv:fw 2

REASON:: If a ray makes angles , , y with x-axis, y-axis and z-axis respectively then
sin? oot sin2 B+ sin2 y= |

Sol. [C]  cos?at + cos?p + cos?y =1

5. ASSERTION: If linesx =ay + b, z = 3y +4 and x = 2y + 6, z = ay + d are perpendicular to
each other then a =-1/5

REASON: If two lines with d.rs ay, by, ¢1 and a3, by, ¢ are perpendicular then
aja +tbiba +cjer =0 Sol. |D]

X=b _ ¥ _ z-4

Eees e —-2-——-1-=—=52a+1+3a~'0=#a

.-\\:FRT:ON Equation of a line passing through the points ( 1,2,3) and (3,-1,3) is
X=3 Y+ -3

— ——— T ———

6.

REASON: 'Equation of a line passing through the points (xy, ¥4, 2;) and (x3, V2, 22) 18
X=Xy _ ¥y=W Z-I,
= = Sol: A

Xz—Xy Y2y -2y

ASSERTION: A line lhrough the points (4,7,8) and (2,3,4) is parallel to a Jine through the
points (-1,-2,1) and (1,2,

REASON: Lines#=aj + ,131' and# =a, + [[B_z' are parallel if EF; =0. Sol: C

Duas are in proportion, hence the lines are parallel but EE= 0 gives that lines are
perpendicular to each other.
8. AS

ASSERTION: Quadrilateral formed by the points A(0,0,0), B(3,4.5), C(8.8.8) and D(5.4.3)
is a Rhombus.

REASON: ABCD is a Rhombus if AB=BC=CD=DA and AC#BD. Sol: A

ASSERTION: A line in space cannot be drawn perpendicular to Xy and z axes
simultaneously.

9.

REASON: For any line making angles a, 8,y with the positive directions of x,y and z axes
respectively, cos?a + cos?f + cos?y = 1.Sok: D '
10. Assertion: The vector equation of the line passing through the points (6, 4, 5} and (3, 4, 1)

is¥ = (61— 4j + 5k) + u(—31 + 8] — 4k)
Reason: The vector equation of the line passing through the points & and bis
=&+ p(b—a). Sok A, Itis fundamental concept

VERY SHORT ANSWER TYPE QUESTIONS

1. Find the points on the line x—+—2- = ’—;1 = 2—;3 at a distance of 5 units from the point
P(133)-

Sol: Gnmlmeis%%-_—l:—‘_”:pm

General point on the lineis RGu —2,2p—1,2u + 3)
Distance from R to P(1, 3, 3) is 3 units
JGu—2-1 +Q2u—-1=-3V +Ru+3-3)" =5
~u=02
~R(-2,-1,3)orR(#,3,7)

e

2. The equation of alineis5x—3 = 1Sy + 7 = 3 — 10z. Write the direction cosines of
the line.

Sol: GivenequationofalineisSx—3 = 15y+7=3—-10z
Here coefficients of x, y and z are 5, 15 and 10. (without sign)

e e m s e awuara aaTIACIAANT Y0

(1)

Tems § o




6.

LCM (S, 15, 10) = 30, Thus, dividing by 30 we have cq. (1) becomes
5x—3 15y+7 3= 10z

30 30 ; 30 .
S(r—9) 15(y+7)  —10(z=1p)
30 - 30 - 30
) .
ala R AL T P, voen (2)
LR 6 2 —3
The standard form of equation is given as
et W i OO o (3)

a b c

Comparing the above standard cquation with Eq. (2), we get 6, 2, -3 are the direction ratios of the
given line,

Now V62 + 22+ (=3)2 =49 =7
Now, the direction cosines of given linc are -(7:, %, _—73-

If @, B,y are the angles made by the lines with x,y and z axes then show that
cos2ateos2 fB+cos2y=-1

Sol: 1f @, B,y arc the angles made by the lines with x,y and z axes then we have
cos’a-+cos?f+cosy= |
By writing cos2x = 2cos?x-1

I+c2s2a+I+c;s2ﬁ+l+c382}'=l 1082 +cos2+cos2y+3=2

s

So, cos2a+cos2f3+cos2y= -1

If at, B and y are the angles which a line makes with positive direction of ,x , Yy and z
axes respectively , then prove that sin? a + sin? 8 + sin?y = 2,
Sol : We have cos? a + cos? § + cos?y = 1
= 1=sinfa+1—-sin?f+1-sin’y=1
= sin? @ + sin? f + sin?y = 2
Find the angle between the pair of lines given by x__;g =22z, x5 yi2

2 . 2.3 B
Sol: By observing the two lines, the direction ratios of two lines are
<1,-2, 2> and <-3,2,6>
Let 6 be the angle between the two given lines
- SRS 5 = cos~1 (2

Hence, cos@ = 7 1> 0 =cos ( )

. x=1__2y-2 _3-z x=1 _3y-1_ 2-6 .
If the lines po e T nd 3k - "¢ — g are perpendicular to each other,
find the value of k.
Sol: The cquations of  the lines in standard form are

1

o W Lot O il PO o L

-3 2k 2 and 3k 2  —g
So, the direction ratios of two lines are <-3,2k,2> and <3k2.-5>

Since the lines are perpendicular @.b =
That is ajaxtbibatcicz=0 ; -9k +4k-10=0= ) = —2

2
lbtwe(:nthelincs"‘—-i—y“-z_"L_E4 X_y_ z
If the angle be === and =2_-2,
(14 5 ﬂ 1 0 lls

=13

. Find the relation
between a and 3,

Qnl: The direction ratios of two given linec aka - ~ & .
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and 6 =£ be the angle bet . .
ween the two gwen lines. Then

cos— &+ a+f 25

(e rpres)vz \/- s o

'rite th
b SIS L VecioT cq"a""" of a line passing through point (1, -1, 2) and parallel to the

line whose equation is — = ¥=1 _ 241
1

_—..—.

2 -1
Sol: The Vector equation of a line passing through a point with position vector @ and
parallcl to a given vector bis ¥ = a* + Ab*, where 1 € R
Given pointon the line is (1,=1,2) thena ™ = {* = j* + 2k*

0 y a H (x‘—J) aat ()"'1 A . - ~ - ~
and a vector parallel 10 the line e ) = (':';) ish™=i"+2j =2k

Henee, Direction Ratios of a required linc are 1,2 and — 2
So, required vector equation of line is

. r= ("= + 2k + A" + 2j° — 2k"),where A € R
. Find the vector and Cartesian cquations of a line that passes through the point
A(1,2,-1) and parallcl to the line Sx -25=14-7y =35z

Sol: The given line i 15—{— 3’-1— -

S 1 JS
hence, Cartesian equation of a line passing through A(1,2,—1) and parallel to given line is
x=1 y=2 z+4l1 x=1 y-2 2+l
_]; = --1_ = 1 or 7 = 5 = 1
5 7 35
and the corresponding vector equation is 7 = 1 + 2] — k+A(71—5] + k).
10. If the equation of a lineis = ay + b,z = cy + d , then find the direction ratios of the
line and a point on the line,

Sol: The given equation of a line is not in standard form

x=b z-d x=b -0 z-d
x—b=ayandz—d=cy —a-=yand -c—=ythen—a—=y—1—=—c—
Hence, the direction ratios are a,1, ¢ and a point on the line is (b,0,d)
SHORT ANSWER TYPE QUESTIONS
1. Find the coordinates of the point where the line through the points (-1,1,-8) and (5, -
2, 10) crosses the ZX-plane.

Sol: The equation of line passing through two given points (-1, 1, -8) and (5, -2, 10) is
i N it s WS
e 3 18
Any point on this line is (6A— 1, -30+1,181.-8)
If a line crosses ZX-pIane i.e. co-ordinate of y is zero
=3h+1=0= k— =
Substitute value of A in the point, then Required point on ZX-Plane is (1, 0, -

2. Find the shortest distance between the Lines: T=(31+2j—4k)+ a0+ 21 +2k)
and7 = (65— ) + uBi + 2j+ 6k). Also, find whether the lines are intersecting or
not.

Sol: The given two lines are

7=(3t+2]—ak) +A(1+2) +2k) and #* = (5T = J) + p(31 + 2] + 6k)
By observing the glvcn two lines, we have

@ = 31+ 2f — 4k, b, -t+21+2E @ =51—J,b, =31+ 2] + 6k

< mcm e




Hence, Shortest distance between the above lines = ‘—(E;_m.(F;XbZ)l

|1 %P2]
(a; —ay) = 2i— 3] + 4k

db, x b, L]k

and by X by =11 2 2| =80+ 0j — 4k

l__. 3 2 6

B x Bl = Vo N _ |@i=3j+4k).(8140)=4k)] _ 0O _
2| ow, S.D I J80 V80 =10

If shortest distance is zero then the given two lines are intersecting.
3. Equations of sides of a parallelogram ABCD are as follows

AB:EL Y2 171 poox-l_y42_zo5 o x4 y47 28
1 TR BeTg =T ET =Ty s
s -5 3’
Find the equation of diagonal BD. .
Sol: Let P be any point on line AB is (A - 1, 2 + 2, 20 +1)

and Q be any point on line BC is (3u+ 1, —5u —2, 3u+5)
For some value of A and g, both the lines are intersecting at a point B.
P=Q

>QA—-1,-2A+ 2,22 +1)=Bu+ 1,-5u—2,3u+5)
B is the point of intersection of AB and BC, so coordinates of B are (1,—2,5)
Similarly, any point on line CD is (A +4, =2A —7, 2A+8) and any point on line DA is
Bu+2,-5u =3, 3u+4)
D is the point of intersection of CD and DA , so coordinates of B are (2, —3,4).

The equation of a line passing through the points B(1,—2,5) and D(2,—3,4)is
x-1 y=(-2) __2-5 _x-1 _ y+2 _ z-5

— ——  ° cmm— —_— —
— C— = =

2-1 -3-(-2) 4-5 ’ 1 -1 -1
. -1 -2 -3 x—4 -1
4, Check whether the line 5;— = y—3— = %—and == ZE— = z are skew or not.

Sol: From the given two lines, we have

Leta;=i+2j+3k , G =4i+j b =20+3j+4k, b, =5i+2j+k
and @ —a; = 31 —j — 3k &b, x b, = —5i+18j — 11k
Now, @ —@).(b; X b2) = (3 X = 5) + (-1 X 18) + (=3 X — 11) =-15-18+33=0
Hence, given lines are not skew lines.

5. Find the equation of the line which bisects the line segment joining points A(2, 3,4)
x-8 _ y+19 = z-10

and B(4,5,8) and is perpendicular to the lines AT = and
x-15__y-29_z—-5
3 8 = -5

Sol: The midpoint of line joining points A(23,4) and B(458) is t3,4,6)
So, the equation of line passing through (3,4,6) with direction ratios a,b,c is

x-3 _ y=4 _z=6
¢

a ;
Since this line is perpendicular to i‘-;—" = Y_"llﬁ" = "7“’ and "_‘3‘5 - J’-BZ" - 5_-?5
=3a—16b+7c=0 =3a+8b—5¢c=0
by using cross multiplication method, we have a=2,b=3,c=6
Hence, the required equation of a line passing through (3,4,6) with d.r’s <2,3,6> is




A A AL, O o5

2 3
> &
Fiod the vector and Cartesisn egustioms of ¢ &
, of the fme which
Z 3 “ WO T8
with eqnmmnsf; = i;.i nd I r2_ 2 perpendcalar 1 the lines
(11,1 < 3 4 ol ppsser fhronph the poinl

Sol: Let equation of fine Srough {1, 1. 1 Y with dirsction saties ab, < e

P . T
R
1f Line(t) perpendicolar 1o the lines S B ot L SR L W . B
. z * e ey
Therefore, 22205400 and 2a+3b+2c=0 . y
. v b and 2t 3beic Afrsaeed, . dor &, A
. Hence. the Canesian eguation of 2 Iin o DU o D X
t equation of 2 fine iy o= = = = ——and VOCIOT CTUENR of a Jane

s r{i4krudi — 4 4+ &)
Find the value of p for which the fines 7 = 2 + (244 1)j + (34 % Dk
and ¥ = i — 3pf + [pp + 7k are perpeadicular to each exher snd sk waersect.
Also find the point of intersection of the given Imcs.
Sok: By writing the given two equations in standard form
The direction ratios of 2 given two lines are (1.2.3) and {0.-3 p) respectively.
1f the lines are perpendicular to each other then zzr-bibrieitr=0
= Ix0+2x{-3+3xp=0=p= 2

Any pointonthe fine T = Al + (24 + Dj+ @i+ ks (R22+134+ 2
Any pointoatheline T =13y +(pu + Tk is(L—3z2u+7)
For point of intersection, we can equale the coordinates

(L2A+134+2)= (L—3z.22+7)

and solving weget A = landuy=-1

The point of intersection is {1.3,5).
Find the values of p, so that the lines
y it 7y-—-14_z—3 _‘7—71__;—5_5-—:
11:-—5—=-—-—5———'— 2 and 12.——'——3p — '——""1 ‘_—S

are perpendicular 10 each other. Also, find the equation of 2 line passing throagh 3

poiat (3,2, —4) and paraliel to linely.
Sol: Writing the given line in standard form as

9:;_),_-1;3=£§2=r,(1ez) 29
. 7

21 Y5 =6 ‘ B
and = =7~ =3 ry(let) ..-(2)

7

a,a; ¥ bbb ¥61C2 7 0

Thus line (1) and (2) will intersect at right angle, if
oyl qn e = ped

-3(ZE)+E() +2(-5) = 0~
This is the required value of p.
Also, we know that the equation
(x1,y,.2;) with direction ratios a,

Two lines with DR’s 24,

of a line which passes through the point
b, c is given by

..... _—r wrR Y32 i
Do opw



X=X Y= _Z"%4

. a b ¢
Since, required line is parallel to line ;.

So, =—3,b=;=1andc=2
Now, equation of line passing through the point (3,2,-4) and having direction ratios
i . x=3 _y=2 _z+t4 _ 3-x __y-2 _ Zt4
(-3,1,2) is e pkr S ots  & d 1 2
9

- Find the vector and the Cartesian equations of a line passing through the point
(1,2,—4) and parallel to the line joining the points A(3,3,—5)and B(1,0,—11).
Hence find the distance between the two lines.

Sol: The direction ratios of a line joining the points A(3,3,—5)and B(1,0, —11)are

(3-1,3-0, -5-(-11))=(2,3,6)

So, the Vector equation of required line through (1, 2, —4) with direction ratios (2,3,6) is
7 =1+ 2] — 4k + A(20 + 3] + 6k)

and the cartesian equation is == = 222 = ZX*

Equation of line through A(3, 3, - 5) and B(1, 0, - 11) is
7 = 31+ 3§ — 5k + A(21 + 3] + 6K)
Distance between parallel lines is given by d = _____I(a—z-lg_lf)xbl
Here b = 21 + 3] + 6k , @ =1+ 2] — 4k, @ = 30+ 3] — 5k
(@ —a)=21+j—-k , (@ —a;) xb =9 —14f + 4k
|@ —@)Xb| = V8T + 196 + 16 = V293 and |b| = V4 +9+36="7

V293
so,d = -

10. Find the equation of a line I; which is the mirror image of the line I; with respect to

line() :% = y%l = 5——3—2- , given that line l; passes Ehrough the point P( 1, 6,3) and

parallel to line L.

L]
4
vYyvYy

Sol : Since l; passes through the point P( 1,6,3) and parallel to line [ equation of lyis
x=1_y=-6 2z-3
T .27 3 P
Since line I is the mirror image of the line I, with respect to line I , I, is parallel to L.
Foot of perpendicular of P(1,6,3)to line [ is (1,3,5)
So point on [; is (1,0,7) , image of P(1,6,3) with respect to line !

So, equation of I; which passes through (1,0,7) and parallel to [ is
LY 27,
1 2 3
LONG ANSWER TYPE QUESTIONS
1. Find the co-ordinates of the foot of the perpendicular drawn from the point

A(—1,8,4) to the line joining points B(0,~1,3) and C(2,-3,-1). Hence find the
image of the point A in the line BC.

Sol: The equation of a line joining the points B (0,~ 1, 3) and C (2,-3,-1)is

7 = (0 - j + 3k) + A[(2i — 3] — 1k) — (0t - j + 3k)]
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Now, DR o e AT B (0= L,-B— 1 - R -4+ 3-Har iD= LB -2 -8~
Smez, AT bpm&;mﬂarmiac.

227(F= D7D T+ B =D

I= ez = bitp + o2 =0]

=% 42518 16.<4=0 =2H2U=P_k=

= Coordmatss of foot of parp=nficnlar s

TR P2 DL -4 D+HorTE2L 1.7

Lzt P(x, 3, Z) bz the image of 2 poim A with resps 1 the Tine BC Sa, point Tisthemid
pomt of AP.

= Coordinates of T = Coordnates of mid-pomm of AP

={-2,1, )= 1x-1)2=8)2z-57]

On eguating the corrasponding coordinamEs, ws g2t

=2 1= midT=(zH2 Sx=J.y=—5miz=1

Hence. Image={(-3.-6.10)

b
2. Find the imzge of the point (1.2, 1) with rspectmrheﬁne—ug:—— — Al find

the equation of the fine joining the given point and its muage.
r{2)

IEEELE R RRRERY ¥

sl

A ‘I{ +32-133+0). I

Shdedsiddns

R

Sol: Let P(1,2,1) be the given point znd L be the foot of the perpendicalar from P 1o the
given line AB {as shown in the figure 2bove).

LetsputZ2 =22 =22 =3 Then x =2 +3y=W-12=3+1
Lctthcmordmaicsoﬂhepoiml.bc(l-l-32l— 132+ 1).
So, direction ratios of PLare(A+3—122—1—231+1—1)Le,, (A + 2224 -33%)
Direction ratios of the given line are 1,2 2nd 3, which is perpandicular to PL. Tharefors, we
have,

G e e e e A A

el o e L P B R e S A s i S e S A B o 2 G 7 =

At AL i N




(A+2)-1+(1—3)-2+32-3=0=>1M= 4::»,1-2/7l
Thend+3=2+3=Z; 2-1=2(%) - =_—,3,\+1-—3()+1 =

23 3 13
Therefore, coordinates of the point L are (—7'-. iy )
Let Q(xy,yy,2) be the image of P(1,2,1) with respect to the given line, Then, L is the mid-
point of PQ.
133y _ 23 24y 3 142 8 =2
Therefon:, 2‘=-;-. 2‘:._;‘__2_‘.:_?_:; \1-_.,y 7.21 3

3920 19
Hence, the image of the point P(1,2,1) with respect to the given line Q (— —-7-.7).

o 9
The equation of the line joining P(1,2,1) and Q ("‘ __;Q 17) N

x—1 y=-2 z-1 x—l__y—z_z"l

32/7 =347 12/7 . 16 -17 G
3. Find the shortest distance between the lines Iy and I; whose vector cquations are

== =k + A7 = 6"+ k) and ¥ = (30" + 5) + 7k + p(i"—2j + k).

where 4 and gt are parameters,
Sol: Given that equation of lines are

f=(="=) =)+ A" =6"+ k) ..(1) and

T =B+ 5 7K+ u (= 20+ k) e (i)

The given lines are non-parallel lines as vectors 70°— 6"+ k" and 1" — 2"+ k" are not
parallel. There is a unique line segment PQ (lying on line (i) and Q on the other line (ii) ,
which is at right angles to both the lines PQ&is the shortest distance between the lines.

Hence, the  shortest  possible  distance  between  the  lines = PQ.
Let the position vector of the point P lying on the line

F=(—1"=)"= k") + A(7"" = 6)" + k") where' A' is a scalar,

is (72— 1" — (64 + 1))" + (A — 1)k, for some A and the position vector of the point Q lying
onthe line ¥ = (3" +5;"+ 7k") + u("— 2)" + k%) where ' ' is a scalar, is (u + 3" +
(=2u +5))" + (u + 7)&", for some u. Now, the vector

PQ=0Q-0F
PQ=(u+3=7A+ I+ (=20 +5+6A+ 1))+ (n+7 = A+ 1)k
ie,(PQ " =U—=7A+ 4"+ (=2u+6A+6))" + (u— A4+ 8)k"
(where ' 0 ' is the origin), is perpendicular to both the lines, so the vector w is
perpendicular to both the vectors 71" — 6;" + k™ and 1" — 2" + k°,
S>WU—-71+4) 7+ (-2u+6A+6) - (—6)+(u—2+8)-1=0
&u—71+4) 1+ (—2u+6A+6) - (—2)+u—-21+8):1=0
= 20u — 864 =0 => 10y — 434 = 0&6pu =201 =0 = 3u—10A =0
On solving the above equations, wegety =4 =10
So, the position vector of the points P and Q are —1" — ;" — k" and 31" + 5;" 4 7k"
respectively.
(PQ " =4"+6"+ 8k and [(PQ)"| = V(4% + 62 +82) = V116 = 2¢/29 units.
(OR) Find the shortest distance between the lines

1 x=3 -5 z=7
x+1=y+1=z+ s =y - :
7 -6 1 1 -2 1

. . x+1 y+1__z+1 X=-3 _y=5_z=7
SOL: Given lines: = = and

—_— —

7 T =6 1 1 -2 1




Shortest Distance between the lines = |Gz =30 (b Xba)|

— . by X b
_A=-i-l-k m=sitsj+rk m-a=4i+6f+8k
by =7i—6]+k E:i_zj.,.ﬁ
S | S
bl"bz’-l'i -6 1| =1(-6+2)—j(7-1) + k(-14 + 6) = —4i — 6] — 8k
-2 1

|b: X bz = V6 + 36 ¥ 64 = v1Tg
SD= |Gz-an. (b1 xb3)| _ — |(41+6] +8K).(-4i~ 6]‘—8E)I

[b; Xbg] 1 vile
(4)(—-4)+(6)(-s)+(a>c-8) -36-
Sp = — |-16-36 64| 6 -
I | - == V116 = 2v29

4.find the short&st distance between the Imes whose vector equations are
r=0-i+ Q-)j+B3-20k &T = (s+ i+ @s—1Dj-(2s+ Dk
SOL: The equations of the given lines are
r=(1-0i+ Q-0)j+@B-20k &7 = (s+ i+ @s—1)j—(2s+ Dk
After writing standard equation of a line, then we have
r=1-2J+3k +t(-i+]-2k) & T=1i-]-k +s(i+2]-2k)
Shortest Distance between the lines = I - . (b Xba)l

i lb,xbzl
"1':?—2]+3E =i-j-k TH-a=0i+]-4k
) =—i+t-2R ';'_i+zi 2k
— |t 1 K
;i_.ijff 1 Xby=|-1 1 —2|=i(-2+4)-j@2+2)+k(-2-1)=2i—4] -3k
1 2 =2

by X b;| =va+16+9 =v29

SD = |Gz -). (b, xb;)| _ |(ot+l-4E).(zt-4]—3E)I
|b; X by - v29
Sp = l(o)(z)+(1)(-4)+(-4)(-3) |=4+12] _ 8 _ 825

v29 1 Vo v29 29

5). Find the image of the point (2, 4, ~1) in the line *3° =22 =2

SOL: Given point (2, 4,-1)

. . X+5 _y+3 __z-6
Givenline ——=====-—
X+S _y+3 __z-6 _
Let e =k

A(24,-1))

Any Point on given line D (k-S5, 4k-3, —-9k+6)
DRsof AD: x2—X1,Y2=Y1, 22— 2y

k-5 -2, 4k-3 -4, -9k+6 +1

k-7, 4k-7, -9k+7

DRs of the given line 222 =Y22 =2"2 arc 1,4,-9 B(a,B,v)
AD is perpendicular to given line: a1 2: +bi b2 +¢1c2=0 .

1(k=7) + 44k —7) H=9) (-9k+7)
k—7+ 16k—28+81k—63=0
98k —-98=0

k=1

=5
T

G

A T

ks
=



Substitute k=1 in D then

Foot of the perpendicular =D (-4, 1,-3)
Let B(w, B, ) be the image of A

Then mid-point of AB =D

atz B y-1)
(3222 = (-4,1,-3)

2
a-: =l a+2= -8, a= —10
B+4
Enk B+4=2 p=-2
y-1

5 =-3 Yy—1= -6 y= -5
Image =B (-=10,-2,-5)
CASE STUDY BASED QUESTIONS
1) Imagine you are at a point A, a café you visit often. Your friend is at the point B, a
bookstall a few blocks away on a straight road. You want to meet your friend at a point
on the line joining the café and the bookstall. Another friend, who is at home on the
other side of the same road represented by point P, also wants to join. You decide to
determine the exact meeting point by finding the foot of the perpendicular from P on the
line joining the café and the bookstall. Given that co-ordinates of the café (A) are (1,2,4),
of the bookstall (B) are (3,4,5) and the home are 2,1,3).
(i) Find the location of the meeting point.
(ii)  Find the distance from Home to meeting point? Also, find the equation of the

path connected by café and bookstall.

Sol: Let Q be the foot of the perpendicular from P(2,1,3) to AB and let Q divide AB in the
ratio k:1.

: . 3k+1 4k+2 5k+4)
Then, co-ordinates of Q are (k+1 e e

. . 3k+1 4k+2 5k+4
Direction ratios of PQ are s 200 1, ey

k=1 3k+1 2k+1
k+1' k41 ' k+1 ,
Direction ratios of AB are <3-1, 4-2, 5-4>; =<2,2, 1>

AS, PQ 1 ABI
2(k—1)+2(3k+1)+1(2k+1)
] k+1 k+1 k+1
= %;— and substitute value of k in point Q._

7 16 35)

Hence, the co-ordinates of Q are (;,-;,-;

vy . 7 2 16 2 35 2
T o R e

0

. : . X=1_y=~2_z-4
Equation of line AB is ===

(2) Two drones are being used for radar centre analysis over an area of enemy land.
Drone A has been programmed to fly on the path given by
7= 61+2f+2k+pu-2f+ 2k) and drone B has been programmed to fly on the
path 7 = —4i— k+ p@i-2f - 2k).
() At what points on their respective paths should they reach, so that they will be
' closest to each other? '



(i) Find the shortest distanee between e Pivily
ah

Sol: Let 1 and © be the poinia
I Ul respective pai :

s PQ (s L to both line 1 and ting » " eapecive s When ey o Eléaeal x/
80, general point ot lne-1 iy P=} 4 g PR ’ el
General point on lie<2 Iy Q=(4y; ~ 4’_’_2" h?“.i :) 2) 5 |
iDIreclicm rathos of PQ are <3 p = { 11),:2/4‘4- ?i Dy gy i DY e N
Line <1 s perpendicular o 1%), they S b T
= =344 =4 and line <2 iy poyp, P =™

: s perpendiculay o Pe) thep — 34 1 1950 = —len
By solving the above equatlons, we haye et and A = f |f 1l < A 170 = 20) <
Hence, the points are P=(3,4,0) amd ()=} 1+2,1) A

' PO=V(5 4 D2 4 (41553 o RN ‘

(i) POV & P+ (4 DTT 03 = VITTIETY w v = Y i
3) Two tunnels ave planned to be dug thrvugh Y .
4) Bisle ghat to improve trafnie infrasirueture, Vv, Voymaai !)
5) (Shown in the figurenot to Seale), s, | L

Digging at one end of the tunnel Iy (o begin at the polnt ‘ m"‘ - 'm;wm padanans
(=9,15,7) at Hanssan and continue n the divection M-8)k. ‘The =N HERR
digging at the other end of the tunnel will atar nt the conrdinate Vi 9
(33, 5, =1) near Sampaje und continue in the direction <144 13k, ik m;. a5
Both sections are (o be stealpht lnes. The covrdingtes nre imensiied pshadd b f"“"‘*‘“

relative to a fixed origin O, where one unit Iy 500 meters,
(1) Show that the two sectlons of the tunnel will eventually meet at s point neay Bisle Ghat il
find the coordinates of this point,

(if) Find the total length of the two tunnels to the neavest kilometre, (ON)

Find the coordinates of the point which Is nearest to the origin on the lie

(i + 2] + 2K)4-pu(—1 ~ 3] + 0FK)

Sol:

i) Let the equation the lines (paths) are

Hassan to Bisle:

x+9 =15  z2=7
R
zi

Bisle to Sampaje lz:f_-'_'-l-?-} = r”—;-?- =

Any points on the line 1 and 2 are respectively

P=(7A-=9,=51415,-A4+7) Q=(~14u+4 33,53u-=1)

For some values of A and , lines are intersecting, 8o P=Q

TA=9 ==14u+433, =544+ 15 =5, =1+ 7 =3u~1 Hence,pt = 2,1 = 2

S0, 5=5 hence the lines are intersecting and point of Intersection I8 (5,5,5)

i) (LetOA = =91+ 151 + 7k and OF = 331+ 5] ~ &k

Then, AB = 42f — 10f — 8k

1AB|=V1764 + 100 + 64 = V1928 = 44 units = 44X500 mtrs = 22000 mtrs
(OR)

The coordinates of any point on the line are P = (1 =, 2 = 31, 2))

Distance from (0,0,0) to the point P is

OP=/(1 — )2 + (2= 32 + (2)? = Y1+ p* =2+ 4+ 9ud = 1211 + 4

D=10uZ — 14u +9, Let =104 =14+ 9
~(~14) _ 7

Hence, minimum value occurs at § = < 75" = 75
3 -1

Substitute value of u in P then P = (-13:'1? 2)




