@

Q.l.

0

. Sol:

)

Sol:

Q.2.
Sol:

_cosfO=

Exercise 14.2

Find the cosines of the angle & between uand vy

=2i+3j+k, v=-i+2j+2k
(2;+3}+k)( -i+2j+2k)=(2)(- l)+(3)(2)+(l)(‘>)=-2+6+2 6

|u| J(z) +(3)Y +(1)) =Va+9+1 =2

b= (-1 +2) +(2)’

cosf ==X 6 2

PEREN T

u=[-3,2,5],v=[1,6,-2]

=N1+4+4=/9=3

uy= [325] [1.6,-2]= (-3)(l)+(2)(6)+(5)(—2)

==-3+12-10=-1

lul = J(=3)" +(2)* +(5)

=m=r

[yl = (1)’ +(6) +(-z)’ ST36+4=a1

uy

]~ V58 J_

If a+b+c=0and|a|=3,|b|=Sand |c|=7.Find the angle betweenaand b .

Givena+b+¢=0
=¢=-(a+bd)

lef = (a+2)

e[ = (a+b)

lef =[af +[8f" +2(a-£)
(7)°=(3)" +(5) +2(a-8)
49=9+25+2(a.b)
49-34=2(a.b)

Using formula
a:h=|d||b|cos®

2=(3)(5)cosd

1—5- =15cos& => cosb = : =8 =cos”' (l)
2 2 2

0=060° — radian
3
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Q3.

Sol:

Sol:

Sol:

Sol:

If |a| = 3,|b| = 4and|a + b| = 5. Find the angle betweena and &

lal=3,[]=4, |a + b| =

ja+ B =(a+b)(a+b)=laf +[b +2(a-b)

() =) +(4) +2(ab)

25=9+16+2(a.b)

25-25=2(a.b)=>a.b=0

Using formula a.b = [c_1|llb_lc056'
=(3)(4)cos8

0=12cosd

#cos_@=0° =6 =cos™ (0°) =>@=90° =% Radian

a=2i+3j-k, b=i-2j+4k
ab=(2)(1)+3(-2)+(~1)(4)=2-6-4=-8

‘Calculate the projection of @ along b and projection of & alonga.when

lal = (2) +(3) +(-1) =a+9+1=Vi4
bl =)+ (-2)" +(4) = 154716 = V2

WLy

-..:..L'f(:fa.mngnimdeg;ﬁ!q..&’along d:fProjcction

Projectionalonga = HT‘;_IQ

Projection of galongb = a_b___—_-s_
; sl e
Projection of b alon ab x5
la| V14
£z4i—21+3!§_, !J_:i-}-i.'.&'
a=4i-2j+3k , b=i+j+k
ab= ()(1)+(—2)(1)+( )(1)=4-2+3=5
la|=J(4)" +(-2)" +(3) =i6+4+9 =129

16 = J(l )+ (1)} +(1 B vl

Projection of aalongb = =g - s
o] V3

Projection of halonga = L1 = e
ol V29

Find a real number & so that the vectors wand v are perpendicular:

u=ai+3j+k ,v=i-2j+ak

uy =(a)(1)+3(-2)+1(a) =a—6+a

Given and v are perpendiculari.eu.y=0

20-6=0 =2a=6 =2a=3
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ii.
Sol:

=ai+2aj-k ,v=i+aj+3k
v=(a)(1)+ (Za')(a) +(-1)(3)=a+2a* -3
=22’ +a-3

Since # and v are perpendiculari.e. u.y =0

28 +a-3=0

20° +3a-2a-3=0
a(2a+3)-1(2a+3)=0

(2a+3)(a-1)=0

= I=

20+3=0 =>a’=—-g- ora—-1=0=>a=1

Q.6. Find the number z so that the triangle with vertices A(3,0, —2),3(0, 3,l)¢md C(l,l,z) is a right triangle
with right-atC . : ‘

- - e
Sol:  Vertices: 4 (3, 0, —2),B (0,3,1) O (l, 1,‘2) right angle at C implies AC L CB . Therefore, AC.CB =0

AC=(1-3)1+(1-0)j +(z+ 2 k=—20+ j+ (z+2)k
(:‘3:’(0¥l)§+(3—1)1+(1~z)£=—§+2i +(1-2)k

- —> - -
AC.CB=(—2§+J_r'+(z+2)_lg).(—g‘+2i'+_(l—z)1_c)=0
2+2+(z+2)(1-2)=0 ‘
z-2'+2-2z+4=0
-z'—-z+6=0
Z2+z-6=0
z*+3z-22-6=0
z(z+3)—2(z+3)._=0

(z-2)(z+3)=0

z+3=0 or z—-2=0
z=-3 or z=2
Q7. ifa andﬁ are unit vectors and 24 is the angle between them, show thatsin @ = %'E - 5’ 3
5 ]

so:  a|=1,[b|=1,6'=26
la-8 =(a-5)(a-5) = aa+bb-2(ab)=|af +| ~2(a5) =1-+1-2/[f|cose
,=2—2cos(29)=2(1—cos26)=2(25in26)=4sin?9:>|&—b”|=25in9 z‘>sin9=%la—5‘

Q8. ifla+b|=[a— 5], then show thata and b are perpendicular.
Sol: . Given |g+ b| :]g—él

la+5f =[a-8f
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Q.9.

Sol:

il.
Sol:

Q.10.
Sol:

" Then OA=cosai+sinal'

M{+Jﬁi+2(g.£_;)=lg[{+lgr—-2(g_.g)

4(a.b)=0

a.b=0=>aand b are perpendicular.

i. Show that the vectors3i —2j +k , I3+ S5kand 2L+ i= 4k form a right triangle.

ii. Show that the set of points _P(4, -!, 2),Q(1.3,—l)and’ R (—2,4,6) form a right triangle.
3i-2j+k, L‘—3_;:+5_fgand2i‘+:i_-4l_r

a=3i-2j+k,b=1i-3j+5k,c=2i+j-4k

Now, b+c=1-3j+5k +2i + j—4k=3i 2] +k,

b+c=a

So. a,b,c,are sides of triangle '

Now, a.¢ = (32.—2j +k).(2i + j—4k) =3(2)+(-2)(1)+(1)(—4) =6-2-4=6-6=0
Since @ and ¢ are perpendicular and g, b, c are sides of triangle so given sides are of right triangle.
P(4,-1,2),0(1,3,~1)and R(-2,4,6)

P(4,-1,2),0(1,3,~1),R(=2,4,6)

=) .
PO =(1-4,3-(-1),-1-2)=(-3,4,-3)
OR =(-2-1,4-3,6~(~1)) =(-3,1,7)

5; =(-2-4,4—(-1),6—2) =(-6,5,4)

- - > o5 o
PO+ QR =(-3,4,-3)+(-3,1,7)=(-6,5,4) = PO+ OR = PR
Hence P, 0, R are points of triangle ‘

- >
Now PQ.OR=(-3,4,-3)(-3,1,7).

-> —>
PQ.OR=(-3)(-3)+(4)(1)+(-3)(7) =9+4-21=-8
Also :

-y =P
PQ.PR=(-3,4,-3)(-6,5,4) =18+20-12=26

OR.PR = (—3,1,7)(—6,5,4) =18+5+28=51
None of product is zero. :
Hence P,Q,Ris not right triangle.

Prove that the cos(a + ) = cos @ cos B —sina sin 8

cos(a+ B)=cosacos B -sinasin f

> >
Suppose OA and OB are unit vectors.

iy
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_)- g
and OB = cos(-p)i+sin(-f) j=cos fi —sin B j

- -
OA.OB = (cosa':+sma';) (cosﬂ:—smﬁj)

OB|cos(a + B) = cosa’cosﬁ —sinasin ,6'

0,4\.

cos(a+ﬁ)=cosacqsﬁ—sinasinﬁ U ‘ ‘OB -—l].

Q.11. Prove that in any triangle ABC
i. b=ccosA+acosC
: e
Sol: inanytriangle AB+ BA+CA=0ora+b+corb=a+c¢c
Take Dot product by b
. =b.b=b.a+b.c
-b* = )
Note: cos(;r A)——cosA and cos(m—C)=~cosC .

-b* =ab(~cosC)+bc(-cos 4) =~abcosC - bccosA
lede both sides by —b
b=ccosA+acosC Hence Proved.

ii. '=acosB+bcos A
> = -
Sol:  inanytriangle AB+ BA+CA= 0 ora+b+c Qor—-c=a+b.
Taking Dot product by ¢ -

-c.c= ca+ch
—c* =|c||a|cos (7 - B)+cbcos(:r A)
~¢* =ca(=cos B)+cb(- cos A) .

—-¢* =—accos B+bccos A

Divide by - ¢
c=acos B+bCosA
iil. 'b? =c¢? +a*-2cacos B
Y e 2
Sol: we know that in any triangle AB+ BA+CA=0ora+b+c=0
or—b={d+e) ' (0

Taking dot product by —b
-0. (—b] =(a+c).(=b)

(a+c) (a+ L] use — (I)

b =gg+g£+££+cc
b'=a +2ac+c’

b=a + 2+2|rr”(.|cos(fr B)
b =d* +¢* +2ac(-cos B)
b*=a* +¢* - 2accos B
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iv. c’=a’+b* -2abcosC
Sol:  we know that in any triangle A—B+ BC+CA=0or a+b+c=0
or-c=a+b __()
Taking dot product by —¢
—c(-¢)=(a+2)(-¢)
¢’ =(a+b).(a+b) use-(i)
c*=a.a+ab+ba+bb
C

t=a’+2ab+b' (ab=ba)
cC=a’+b’+ Zab(—cosC) :
c*=a’+b* =2abcosC
Hence Proved
Q.12. Show that for any vectorsaand b,

Sot: [a]=[a+&-b<]a+B+|-4)

la|~[8]| <|a + b| < |a] + 8|

la|<|a+8[+[3]
la|—bf<|a+b]__(1)
Similarly:

|| =|b-+a~a|<|a+b|+|-d]
ll<la++a

|b| || <|a+5| ___(m)
Combining both parts: I & I
| (6] < |+ ] <] + 8]
Q.13. Find the work done, if the point at which the constant force F =2i +5 J + 3k is applied to an object, moves
it from P, (2,-3,1)10 P,(7,5,3).
Sol:  Force [_":2_f_+5:;_'+3i
Initial point 7 (2,-3,1)
Final point 1 (7.5,3)

Displacement vectord = P,_PZ =(7-2)i+(5-(-3))j+(3-1)k
d =5i+8)+2k
Work done = F.d = (2.)‘(5)+(5)(8)+_(3)(2) =10+40+6=56
Q.14. A particle, acted by constant forcesﬂ = 3_:'_+4£'—-3I_( and F, =i +4j—k,s displace from :
- A(2,1,3)10 B(5;4,4) - Find the work done. 3 5

Sol: Constant forces: ‘ -
F=3i+4 !. -3k

F=ivaj-k
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Q.15.

Sol:

Displacement from A(2,1,3)70 B(5,4,4)
Resultant force F = 5 + f;-
F=(3+1)i+(4+4)j+(-3-1)k
_F_‘=4i‘+8£'—4£

_)
Displacement vector d = AB

d=(5-2)i+(4=1)j+(4-3)k

d=3i+3j+1k

Work done = F.d

=(4)(3)+(8)(3) +(—4)(1) =12+24-4=32

A particlé is displaced from the poln§A(5,—5;—7)to the pointB(G,_z,—z)under the action of constant
forces defined by10i - i-f— 11£,4i + 5_j_+ 9k and -21_+l—9£ . Show that the total work done by the force

is 102 units.
Forces
F=10i-j+11k , F=4i+5j+% , F=-2i+j-%

Points:

A(5.-5,-7) , B(6,2,-2)

Resultant Force

F=(10+4-2)i+(- 1+S+1)_; +(11+9-9)k
F=12i+5j+11k

Disp!acemen?vector

d=(6-5)1+(2-(-9) j+(-2-(-T)k

d=1i+7j+5k
Work Done = F.d
Work done =(12)(1) +(5)(7)+(11)(5) =12+35+55=102 units.

Q.16. A force of magnitude 6 units acting parallel todi +3/ — k displace the point of application from

Snl:

A (2,—1,3) toB (7,3, 2) Find the work done.

v=4i+3j-k

[ol=J(8)" +(3) +(-1)" = V164941 =26
F#ﬁ(ﬂﬁi_k]:—z"—u 18 6,

iE V26 26~ J26L 26

A(2,-1,3)108(7,3,2)

Displacement: Q:(’I—2)i+(3—(—l))i+(2—-3)£ = Q=Si+4i’—‘l&_
Work Done= F.d .

G- B B R
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