Basic Mathematics (MSBTE) (Logarithms) ...Pg. No. (1-1)

Chapter 1 : LOGARITHMS

I Exercise 1.1 M soin. :
. 1
Example and Solutions (i) 3logz2-logz4 +logy (5)
Ex.1.1.1 : Solve : log, (7x +2) =3 By using logarithm of a power,
3
M Soln. : Given equation contain logarithm on L.H.S. 3logz2 = logs(2) =logs8
1

log, (7x+2) = 3 <D | Now, 3 logs 2 —logz 4 + logs (§>
D Use exponential formfor eqn. @)...[log M=x=>M= ax] 1

v a B = log;8—logz 4 + logs @ (1)
SIxX+2= (2) =8 soTx =8-2=6

6 6 P Use Quotient rule of logarithm for eqn. (1)
X =5 X o= 7\/ ...Ans.

[ log, M -log, N =log, (%)]

Ex. 1.1.2 [(eB )RS ERA S

8 1 1
Find the value of x if log; (x + 6) = 2. = logs (Z) + 10g3(§) =logz (2) +logs (5) (2)

D Use Product rule of logarithm for eqn. (2)
...[log, (MN) =log, M + log, N]

1
= log; (2 X E) =logs 1

M soln. : Given equation contain logarithm on L.H.S.
log; (x+6) =2
Use exponential form for Equation (1)

...[logaM:x:M:aX

1
x+6 = (3)2 -9 3logz 2 —log; 4 + log; (E) =logz1
x+6 =9 1
3log; 2 —logz4 +logz(5)=0v"..[log, 1 =0] ...Ans.
X =9-6 .
« =3 (ii) 5 log3 6 — (2 log; 4 + log3 18)
x =3V ...Ans. A+ Given : 5log3 6 — (2 logz 4 + log; 18) (1)

P Use Power rule of logarithm for eqn. (1)K
..[log, M =Klog, M]

logs (6)° - [logs (4)° + log318]
logs (6) —[logs (16) + logs 18] (2)

Ex.1.1.3 : Solve log, (3x + 7) =log, (5x + 1)
|Zl Soln. :

Given equation contains logarithm on both sides with

same base,

logy 3x+7) = logy (5x + 1) ...(1) =P Use Product rule of logarithm for eqn. (2)

...[log, M + log, N = log, (MN)]
logs (6) —[logs (16 X 18)]
logs (7776) — logs (288) ...(3)

P Use Logarithm Equality Property for eqn. (1)
«.[log,M=log, N=>M=N]

w3x+7 = 5x+1

. . P Use Quotient rule of logarithm for eqn. (3)
Collecting variables on L.H.S. and constants on R.H.S.

M
.| log, M -log, N=1 <_> j|
" 3x—5x=1-7 L o2x =—6 [Oga %8a N =108 (N
— 7776
X = % nx =3V ...Ans. = log; (m) =logs (27)
Ex. 1.1.4 : Use the rules of logarithms to simplify each of | 510g36—(2logz4 +1log; 18) = log; 27
the following : = log;(3)° L27=03)%
K
(i) 3logz2 —logz 4 + logy @ =3logz3 ...[log;M =Klog, M]
= 3(1 ...[loga=1]

(i) 5 logz 6 — (2 logz 4 + logs 18)
51logz 6 —(2logz4 +1log; 18) =3V ...Ans.
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Ex. 1.1.5: Solve :logs (4x + 11) =2

IZI Soln. :

Given, logs(4x+11)= 2 ..(1

Exponential form : a" = N and its
} Use for eqn. (1) ...

Logarithmic form : n =log, N

Ax+11 = (5)° o oAx+11 =25
4x = 25-11 o 4x =14
14 7

X = X =5\/ ...Ans.

Ex.1.1.6 : Solve :log, (x +5) —log, 2x—-1)=5
M soin. : Given, log, (x +5) —logy 2x—1)=5 ...(1)
P Use Quotient rule of logarithm for eqn. (1)

|: log, M —log, N =log, (%)

Write logarithm in exponential form,
X+5 . _X+5
2x -1 T 2x-1

X+5 =3202x-1)=64x- 32

Collecting variables on L.H.S. and constants on R.H.S.

= 25 =32

Ex. 1.1.7 : Solve :logy x +logy (x —12) =3

M soln. :
Given, log, x +log, (x-12)=3 ...(1)
P Use Product rule of logarithm for eqn. (1)
...[log, M + log, N = log, (MN)]
logg (x (x=12))=3 ...(2)

Exponential form : a" =N and its :|

P Use for eqn. 2 [ Logarithmic form : n =log, N

3
X (x-12) = (4) =64
X —12x = 64 X —12x-64 =0
Which is quadratic equation,

{ Note the factors : }
0

x-16) x+4) (-16) +4=—12 and

(-16)x4=-64
x—-16 = 0 OR x+4=0
x = 16 x =-4
X = -—4isnot possible,

Since logarithm of negative number is not defined
Hence solution is,

X—64x=-32-5 n—63x =-37 x = 16v ...Ans.
- 37 37
X = T"¢3 SOX =63/ ...Ans:

_t Chapter Ends...
L) aaa
@
e
b
)
—
(&
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Chapter 2 : DETERMINANT

3" Exercise 2.1

Ex. 2.1.1 (IEYArAEH S

X 2 1 1
Find x, if =
4 2 2
X 2 1 1
lZlSoIn.: Given, ’ = ' ‘
8 4 2 2

Expand determinant of both sides.

[Here order of determinant is 2]

X' —5%x+6 =0
Note the factors :
(X_3)(X_2):O|:(—3)+(—2)=—5and(—3)(—2)=6]
SXx=3=0 or x=2

x=3 or x=2vV ...Ans.

Product of Product of Product of Product of .
elements in elements in | | elements in elements in
principal |~ | secondary principal |~ | secondary
diagonal diagonal diagonal diagonal
X@DH-B®R) =DH2-2) M (Refer the arrows
4x-16 =2-2
4x-16 =0
16
4x = 16; - X =7
X = 4 ...Ans
Ex. 2.1.2 (TAEAPAVETS)
7
X —-X 7 -3
Solve,(_5 | :‘5 _3
|Zl Soln. :
2
. X =X 7 -3
leen.‘_5 1 —|5 _3
Expand determinant of both sides,

[Here order of determinant is 2]

Product of Product of 7| [ Product of [ Product of
elements in elements in elements in elements in
principal secondary || principal secondary
diagonal diagonal _| diagonal L diagonal

(D) =(=5)Ex)=(7)(=3)=(5) (=3) (Refer arrows)
X —(5x) = (=21)— (= 15)
X —5x =-21+15

X -5x =-6

Ex. 2.1.3 [CRIUMPAEL S

-1 1 -1
lfA:‘ 2 3 1| find Al
1 2 3
|Zl Soln. : Given :
-1 1 -1
A = 2 3 1
1 2 3

Here order of determinant is 3

B
A= 2 3 1
1 2 3

A = (= 1) x[Minor of (— 1)] — 1 x [Minor of (1)]
+ (= 1) x [Minor of (— 1)]

=-1 31 |—«(| 2 I (+-D| 2 3
2 3 1 3 12
I 2y 1 2y ]3]
a=cn | T en | T e | X
2 13 IR L 2

=B B~ @ MI-1Q) G) - (D ()]
9 2 6 1
+EDIR @) -1 G)]
— =
4 3
=(D[9-21-1[6- 11+ (- D[4-3]
7 5 1

DD -1 -1 (1)=-T-5-1=—13v ...Ans.

Ex. 2.1.4 [CEINIECD)
4 9
Find x if| 3 7 | =0

£ =S\ IO )

1 X
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M soln. :
4 3 9
Given : 3 2 7 | =0
1 4 x

Here order of determinant is 3

.3 A
3 2 7| =0
14 x

4 2 7 -3 3 7 +9 3 2 =0
1 X
LRI e B
YIERES i Lot

4[2)x)~(4)(D] 3BIB)(x) = (1)(7N)]
— —

2x 28 3x 7
+9[3)H - (1) (2)]=0
H_l H_J
12 2
42x-28]-3[3x-7]+9(12-2)=0 (by simplification
——
10

4(2x)-4(28)-33x)-3(-7)+9(10)=0
8x —112-9x + 21 +90=0

(8X—9%x) + (= 112+ 21 +90) = 0
—_—

Here order of determinant is 3

11 1;
3 X 3 = 0
1 x 2
1x [Minor of 1] — 1x [Minor of 1] + 1x [Minor of 1] =0
1 3|13 % 3 |+1]3 =0
2 1
(xy i3 Ok {3y X
; SR =L » S = o1 | TS o
w7 ors | 6%

(D)) - )] -1[(3)(2) — (1)(3)]
— —

2x 3x 6 3
+[3)) - (D) ®)]=0
— —
3x X

[2x -3x]-[6-3]+(Bx-x)=0 (by simplification)
- — —

-X -1 [collecting terms containing x]
-x+(=1) =0
-x =1
x =-1v ...Ans.
Ex. 2.1.5 [(IBIAELS,
I 1 1
Findx if|] 3 x 3 =0
1 x 2
M soin. :
1 1 1
Given : 3 X =0
1 x 2

-X 3 2X
-Xx-3+4+2x=0
(-x+2x)-3=0
—

X

x=3v ...Ans.
Ex. 2.1.6 CAFRTARPIETD
4 3 9
Find x if 3 -2 7 |=0
11 4 x
M soln. :
4 3 9
Given : 3 -2 7 |=0
11 4 x

Here order of determinant is 3

4 x [Minor of 4] — 3 X [Minor of 3] + 9 X [Minor of 9] =0
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AN e 4 13
. D _ — S22 =0
4 271 3327 ] 49|32 0 i
1 4 x 11 4 x 1m 4 x| | =
2 i1 3y 71 3
4 4>< -3 5'1"1'3>< +9 . =0 | 2[4 B3)-(=1D) A3 +k[(3) (33)-(8) (13)]
....... -t Lt AR -132 ~143 99 104
4[=2) ) -G D]I-3[3) x)-11) (7] +7[3) 11)-(@®) (=4]=0
[ — —— — [ — [E—
-2x 28 3x 77 -33 -32
913)@-(11)=2)]=0 2[(-132)-(-143 k [(99) - (104
+9((3) @ - (11) (-2)] [( ) —( ) +k [(99) - (104)]
12 -22 11 -5
4[-2x-28]1-3[3x - 771+ 9(12+22)=0 +7[(=33)-(=32)]=0
| —
34 (by simplification -1
4(=2x) -4 (28)-3(3x) = 3 (= 77) + 9(34)=0 20D +k(=5+7(=1)=0 (by simplification)
—-8x—-112-9x+231+306=0 22 -5k-7=0
t 1 f—S5k+(22-7) = 0
-8x-9 —112+231+306)=0
(8%~ 90 + (112 + 231 + 306) _5k+15 =0
- 17x 425[collecting terms containing x] _15
-5k =-15 ~k = ——
—17x+425 =0 -5
—-17x = -425 k =3v ...Ans.
— 425
= Ex. 2.1.8 [SIEIPAVEND)
X = _17—25 X v
X =25V ...Ans. 3 -2 11 =0
2 —4 1
Ex. 2.1.7 [SREIPAVED)
2 -k 7
Find k if |3 -4 13| =0 x 4 -4
8 —_11 33 3 -2 1|=0
2 4 1
|ZISoln. : . .
2 k7 Here order of determmla_ltl_t_l_s_i_’); ______
Given:|3 -4 13]=0 ix_ 4 -4
8 —11.33. 5 -2 1| =0
Here order of determinant is 3
2 & 7] -
3 -4 131 =0
8§ -11 33
2 x [Minor of 2] — (- k) x [Minor of (- k)] + 7 Ll @3 -2 1l4e—g|3 2 =0
x [Minor of 7] =0 1 -2 -4 1 -2 -4
2 -4 13 | «(—k)|3 —f 13 +7 |3 41 =0 e
~1133 8 —1133 8 —113 (3¢ -2
= ¥ | =0
2 e
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x[E2)(DH-HMDI-4[BG) D) -=2)(D)]
— — —— —

-2 -4 3 -2
~4(3) 4 -(-2)(-2)] =0
—— —
-12 4
X[-2- 4] -43-(-2)]-4[-12-A)]=0
—— — [ ——
2 5 -16

Xx(2)—4(5)—4(~16) =0
2x—20+64 =0
2x+44 =0

(by simplification)

2x = —44
44
)
x =-22V ...Ans:
I Exercise 2.2
SRR (S-10, 4 Marks)
Solve by Cramer’s rule : 3x + 3y —z=11,2x -y +2z=9
and 4x + 3y + 2z = 25.
M soin. :
P StepI: Given equations can be written as,
3x)+3(y)-1(z) =11
2x)-1(y)+2(2) =9 (1)
4x)+3(y)+2(z) =25
D, D, D
By Cramer’s Rule, x=15".y=15 ,Z=BZ ..(2)

P Step II : Where,
3 3 -1

Determinant of co-efficients
D = 2 -1 2 |: of X, y, z of Equation (1) :|
4 3 2
3 3 -1
= 2 -1 2
4 3 2
= (3) x [Minor of 3] — (3) x [Minor of 3]
+ (= 1) X [Minor of (- 1)]
b 2 1 2 h 1
J x J x
=3 -1 21312 2 |4-1D]|2-1
3 2 4 2 4 3
-1.2 22 2.1
=3 3| R |1 ' ‘
‘ 3 XZ ‘ 4 2 D 4 X 3

=SB [ED@-G)@]-3[12)@)-¢ 2]
a_}

—— —— ——
-2 6 4 8
-1[2)3)-@ (D]
H—J H—J
6 -4
=3[-2-6]-3[4-8]-1[6-(-4)]
| —— | —
-8 -4 10
=3(-8)-3(-4)-1(10)=—24+12-10
~D =-22 ...(3)
P Step III :
I 3 -1 In determinant D replace
D, = 9 -1 2 co-efficientsof x by
25 3 5 |L constants of equation (1)
TR
= 9 -1 2
25 3 2

= (11) x [Minor of 11] - (3) x [Minor of 3]
+ (= 1) X [Minor of (- 1)]

=11 -1 2 13| 9] 2 |+-1)|9 -1
53 2 25 25 3
-1 2 9.2 9 -1
=11 -3 -1
‘ 3X2’ ’ 25>:2 teD 25>§3
=11[(-1)(2)-(3) 2)]-3109) (2)-(25) (2)]
—_— —— |——— —
-2 6 18 50
-1[9) (3)-(25)(-D)]
27 -25
=11[-2-6]-3[18-50]-1[27 - (-25)]
—— — | —
-8 -32 52
=11 (-8)—-3(-32)-1(52)=—88 +96-52
~D, =-4 D)
P StepIV:
3 1 -1 In determinant D replace
D= 2 9 2 co-efficients of y by
4 25 2 constants of Equations (1)
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Basic Mathematics (MSBTE) (Determinant) ...Pg. No. (2-5)
=3 [=1D25-CB) N3 1(2) (25) -4 9]

-25 27 50 36
= 2 9 2
4 25 o +I1[2) (3) - @) (- )]
6 -4

= (3) X [Minor of 3] — (11) X [Minor of 11]

) =3[-25-27]1-3[50-36]+11[6-(-4)]
+ (= 1) x [Minor of (- 1)] — —

H—J
-52 14 10
=3(-52)-3(14)+ 11 (10)=— 156 -42 + 110
=3 9 2 |-11| 2 2 |+-D|2 9 D - _s8 ©
25 2 4 25 2 4 25 R
9un ) _ P Step VI :Hence,

- X _ D, —44 .
= ‘ 25 2 i jx 2 =1 4 >125 X =p=—xn [From Equations (2), (3), (4)]
=3[9 (2)- 25 ]-111[(2) (2) -4 ()] x =2V ...Ans.

— — —— — D

1 4 —
8 30 8 y = fy = % [From Equations (2), (3), (5)]
—1[(2) (25) - (4) 9]
gs,_zo %3,_:6 y =3V ...Ans.
D, -8 .

=318 -50] -11 [4—8] -1 [50 - 36] zZ =p="2 [From Equations (2), (3), (6)]

— — ——

-32 -4 14 7z =4v ...Ans.
=3(=32)-11(-4)-114)=-96+44-14 Hence the solutionis, x=2,y=3, z=4

=Dy = -66 - OMF-Ex. 2.2.2
» Step V: Solve the equation by Cramer’s rule X +y + z = 3,
3 3 11 x-y+z=1,x+y-2z=0.

|Zl Soln. :

In determinant D replace
co-efficients of z by

constants of Equation (1) P Step I : Given equations can be written as,

4 3 25
_____________________ Ix)+1(y)+1(z) =3
8 3 i
---------------------- Ix)-1(y)+1(z) =1 ...(D)
= 2 -1 9
I1x)+1(y)-2(z) =0
4 3 25 DX Dy DZ
By Cramer’s Rule, X=]Y=p-2=]p ...(2)
= (3) x [Minor of 3] — (3) x [Minor of 1] .
. 1 1 1 Determinant
+ (11) X [Minor of (11)] of co-efficients
P Step IT :Where, D = 1 -1
of x,y, z of
1 I -2 Equation (1)
=3 -1 9 1312~ 9 11 (2-V- 94
3 25 4 B 25 4 3 25 2.1 3
= 1 -1 1
-1.9 2 \(9 — 1 1 =2
- _3l TR +11‘
‘ 3 >§25 ’ ’ 4 25 4 XS

=(1) X [Minor of 1] — (1) X [Minor of 1]
+ (1) X [Minor of (1)]
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In determinant

1 3
D replace,
oF 3 IR St B B e SR I P StepIvV:D,=| 1 I 1| coefficients of
1 2 1 -2 1 1 42 10 y by constants
o Lo | | of Equation (1)
=1 .y i A | wwies
’ i ’ ‘ PR ‘ LR S
=I[-1D=2)- D) MI-1[(1)2)- () D) 11
| [— — —
2 1 -2 1 1 0 -2
+ 1 [(D) (1) = (1) (= D] = (1) x [Minor of 1] - (3) x [Minor of 3]
1 -1 + (1) X [Minor of (1)]
=I12-1]-1[-2-1]+1[1 = (= 1)]
— — —

1 -3 2 =1 1 1] 311 11 47111 1
=I(1)-1(-3)+12)=1+3+2 0 -2 1 -2 1 04
D =6 ..3) ‘ 1,1 ‘ 1y 1 1l ’

= =I — I
In determinant 0>§— 2 3 1>§— 2 * 1>%)
70 Dreplace, =1[(1) (=2) = (0) (D] =3 [(1) (=2) = (1) (1
P StepIll:D= 1 -1 1]| co-efficients of =1I( L,(__);_( &_)J_ [(L,(__);_( M
0 1 -2 x by constants ) 0 ) 1
f Equation (1
of Equation (1) +11(1) (0) - (1) ()]
...................... Lo
e 1 5 0 1
= I -1 1 =I[-2-0]-3[-2-11+1[0-1]
— — ——
0 1 2 -2 -3 -1
= (3) x [Minor of 3]— (1) x [Minor of 3] =1=2)-3(=3)+(=D=-2+9-1
+ (1) x [Minor of (1)] =Dy =6 ...(5
] 1 3 In determinant
D replace,
=3 -t b1 Ler|1-1 P StepV: D,=| 1 —1 1|| co-efficientsof
1 -2 0 -2 0 1 42 1 1 0 || 2by constants
L1 L1 | | of Equation (1)
:' %, ’_1’ Ji—z +1 0>§1 ‘ K 3
_ 1 -1 1
=3[ =2)-1) (DI -1 (-2)-(0) ()] 1 1 0
— — — ——
2 1 -2 0 = (1) x [Minor of 1]= (1) x [Minor of 1]
+1 [(1) (1) - (0) (- 1] + (3) x [Minor of (3)]
—
1 0 +—F—3
=3[2-1]-1[-2-0]+1[1-0 - - _ - -
[ 1-1[ |+ 1] ] =1 1 1 711 1 +3 1 1-1 1
1 -2 1 1 0 1 0 1 1 9
=3(1)-1=2)+1(1)=3+2+1
~D. =6 (@)

X
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2 3 0 Determinant

PR 3 Wi ..
""""""""""" » Step Il :Where, D=| 0 1 -3 of co-efficients
0o 1 -3 ofx,y,z
30 1 of Equation (1)
30 v
PR 3 Wi
R || S I
=1 -1 3 _
i 2:0 T -1 13
- 30 1
=1 [(=1)(0) - (1) (D] -1 [(1) (0) - (1) (1)] |
—— D O
0 1 0 1 = (2) X [Minor of 2] — (3) X [Minor of 3]
+3[(DH (M=) D] + (0) X [Minor of (0)]
[ —
1 -1
=I — — — — (- :2 1 _3 —3 O _3 1 e
[0-1]-I[0-1]+3[1-(=1)
1 i ) 0 1 3 1 3 0
SI- 1) -1 1) +3Q2)=—1+1+6 :2‘ '’ ‘_3‘ % |0 3>§
.D, =6 (6 01 S 0
D Step VI :Hence, =2 [(D M=) =3)]-3[0)(1)-B)(=3)]+0
D 6 1 0 0 9
X = 3" =% [From Equations (2), (3), (4)
=2[1-0]-3[0-(-=-9]=2(1)-319)=2-27
x =1V ...Ans. 1 9
D =
y =5 = g [From Equations (2), (3), ()i ~P =~ 25 R ()
v > 3 I; re;g:;mc?efﬁcients
y =1 - AnS.(O) Step I : D=-2 1 - ’
X ofxby constants
D 6 4 0 1 ¢ Equati 1
z=F=¢ [From Equations (2), (3), (6) of Equation (1)
2 =1V ...Anst WA
Hence the solutionis,x=1,y=1,z=1
4 0 1

Ex. 2.2.3 (IR E S

Using Cramer’s rule solve
2x+3y=5,y-3z=-2,2z+3x=4.

M soin. :
P Step I : Given equations are,
2x+3y=5 ; y-3z =2 ; z+3x=4
Rewrite these equations as,
2x)+3(y)+0(z) =5
0x)+1(y)-3(z) =-
3x)+0y)+1(z) =4

: D, D, D
By Cramer’s Rule, X=p Y=p &P

= (5) X [Minor of 5] - (3) X [Minor of 3]
+ (0) X [Minor of (0)]

sl 133|213 40 |—21-

0 1 4 1 4 0
_2_3 1
Aol

153
=5 OX. _3
|

M =S M- 0) -3 (D) -@) (=3)]+0
[ — —

a_}
1 0 -2 ~12
=5[1-0]1-3[-2-(-12)]=5(1)-3(10)=5-30
.2 o ‘ /
1 10
~D=-25 e,
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2 5 ¢|[Indeterminant =2[(1) @) - (0) <213 [(0) (4) - (3) (-2)]
b Septvin = | 02 -3 || Dot | oS S
3 4 171 of Equation (1 +5100) 0)- () ()]
--------------------- S — —
2.5.0, o
=2[4-0]-3[0-(-6)]+5[0-3]
_ o2 3 TR N
4 6 -3
3 4 1
=2@4)-30)+5(-3)= 8-18-15
= (2) X [Minor of 2] - (5) X [Minor of 5] “D=25 ..(6)

+ (0) x [Minor of (0)] D Step VI : Hence

D, -25 .
—) 2 3 |_5|/0-2 -3 +0 0 -2 X =7y = Th5lFrom Equations (2), (3), (4)]
4 1 3 1 3 4 x =1v ...Ans.
D, _25
) 3 0.3 02 Y= = E[From Equations (2), (3), (5)]
=2 -5 +0
‘ 4X‘1 ‘ ‘ 3>§1 ‘ 3y y =17 ...Ans.
=2 [(- - -3)] - - — D, -25 )
2 (=2 - )] =-5[0) (D) -3)(=3)]+0 2 = T¢ = ~32{From Equations (2), (3), (6)]
-2 -12 0 -9
=1V
=2[(-2) - (= 12)] -5 [0 - (= 9)] =2 (10) = 5 (9) = 20 — 45 z =1 ...Ans,
10 9 Hence the solutionis, x=1,y=1,z=1
~D=-25 .5 BRI (W-11, W-12, 2 Marks)
In determinant Using Cramer’s Rule solve : x +z=4,y+z=2,x+y=0
2 3 D replace, |Zl Soln. :
b Step V: D,= 01 -2 ch;,ezgrcllsetgrtlst:f P Step I : Given equations are,
3 0 4

of Equation (1) X+z=4 ; y+z=2; x+y=0

| 2 ______ 3 5 These equations we can write as,
= 0 1 =2 IX)+0(y)+1(z) =4
30 4 0x)+1(y)+1(z) =2 ...(D)

Ix)+1(y)+0(z) =0

(2) X [Minor of 2] - (3) x [Minor of 3]

D D, D
+ (5) x [Minor of (5)] By Cramer’s Rule, x= BX y=Tp 2= BZ ...(2)
1 0 1 Determinant
=2 1-2 1310 -2 +5 | 0 1- b Step I1: Where. D=| 0 1 1 of co-efficients
4 4 p il . of x,y, zof
0 3 3.0 1 1 0 | Bquation (1)
E o
12 02 R
- ‘ X ‘ —3‘ X7 +s| A ' _ o 11
0 4 3 4 30
1 1 0

(MSBTE-Sem- | (Common to All))



Basic Mathematics (MSBTE)

(Determinant) ...Pg. No. (2-9)

= (1) X [Minor of 1] - (0) X [Minor of 0]
+ (1) X [Minor of (1)]

=1 I T |19 |0 114 |0 1

1 0 1 0 11

L 1 1 0 O\ 1
=1 -0 1

FR

=1 [(1) (0)= (1) (D] =0+ 1 [(0) (1) - (1) (D]

0 1 0 1
sI0-1]1+1[0-1]1=I(-D+I(-1)=-1-1
H—I H—I
-1 -1
D =-2 .(3)
4 0 1 In determinant
L D replace, co-efficients
P StepIl:D=| 2 1 1 ofxby constants
0 10 of Equation (1)
.0 1
B 2 1 1
0O 1 0
= (4) X [Minor of 4] - (0) X [Minor of 0]
+ (1) X [Minor of (1)]
=4 1 1 (-2 141 [2 1
1 0 0 0 0 1
I 1 2. 1 2\ 1
=4 -0 1
' el ‘ 1 7o | 0)11 ‘
=4[(1) 0)— (1) (DI-0+1[(2) (1) - (0) (D]
- — —— - ——
0 1 2 0
=40-1]+I2-04(-1)+1(2)=-4+2
-1 2
~D, =-2 .4
1 4 1 In determinant
N D replace, co-efficients
b StepIV: D, = 0 2 ofyby constants
1 00 of Equation (1)
s
= 0o 2 1
1 0 O

= (1) X [Minor of 1] - (4) X [Minor of 4]
+ (1) X [Minor of (1)]

+—4—
=1 2 11410 2 1|41 |0
0 1 0 1
2 0 0
=] ‘ ﬂ - 4‘ X +1 % ‘
00 1 0 10
=1[(2) (0) = (0) (D] =4 [(0) (0) — (1) ()]
0 0 0 1
+1[(0) (0) - (1) (2)]
H—l H—l
0 2
=1[0-0]-4[0-1]+I1[0-2]=0-4 (-1 +1(-2)
— — ——
0 -1 -2
=4-2
=Dy =2 ...(5
1 0 4 |[Indeterminant
N D replace, co-efficients
b StepV: D,= | 0 2 ofzby constants
1 1 0 IL of Equation (1)
1.0 4
_ o 1 2
1 1 0
= (1) X [Minor of 1] - (0) X [Minor of 0]
+ (4) X [Minor of (4)]
=1 1 21| 0 2 1 +4 |0 1
1 0 1 0 1 1
I\ 2 Oy 2 0wl
=1| X |0 4
‘ ™0 ‘ ‘ 7o |+ 1): 1 ‘

=1 [(1) (0)= (1) )] -0+41(0) (1) - (1) (D]
—— —— e

0 2 0 1
=1[0-2]+4[0-1]=1(-2)+4(-1)=-2-4
— —
-2 -1
~D, =-6 ...(6)
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Basic Mathematics (MSBTE) (Determinant) ...Pg. No. (2-10)

P Step VI : Hence, In determinant

D ’ 4 -2 3 D replace

X = 3‘ = —_Z[From Equations (2), (3), (4)] 2 StepIII : D, = 5 1 -3 co-efficients
3 1 ) of x by constants,

x =1V ...Ans. of Equation (1)

Dy 9
y=p= 3[From Equations (2), (3), (5)] 2 A
y =-1v ...Ans. = > 13

31 2

D, -
z = EZ = %[From Equations (2), (3), (6)]

=(4) x [Minor of 4] — (- 2) x [Minor of — 2]+ (3) x [Minor of (3)]

z =37 ...Ans.
4 L)) 2 i 2 b
Hence the solutionis, x=1,y=-1,z=3 - T T Y T~
=4 13 |25 -3 [+3|5 1-

Ex. 2.2.5 [CHRNEAVETS

Using determinant method find x, if x — 2y + 3z =4, 2x + y 12 3 2 301

-3z=5,-x+y+2z=3. Io.—3 5 -3 5.1

M soin. : =4‘ 1>§2 ‘_(_2)’ P ‘+3‘ 3>:1 ’

P Step I : Given equations can be written as, —4[(1) Q)= (1) (=3)]+2[(5) )= 3) (= 3)]
1x)-2(y)+3(z) =4 %_12 H_J3 C - PO 5
2)+1(y)-3(2) =5 ¢! B a

“I(x)+1(y)+2(z) =3 +3[(5) (1) - (3) (1)]
1 =2 3] faettieions N
P Step Il :Where, D=| 2 1 -3 ¢ ¢ =4[2+3]+2[10+9]+3[5-3]
1 1 2 OorX,y,Zo0 — —— ——
_____________________ . Equation (1) 5 19 2
|..!,___—__2_ ______ i =4(5)+2(19)+3 (=20 + 38+ 6
2 1 -3 ~D, =64 (4
= 1 1 2 In determinant
| 1 4 3 D replace
= (1) x [Minor of 1]- (~2)x [Minorof —2] | P StepIV:D=| 2 5 -3 co-efficients
' -1 3 2 of y by constants,
+ (3) X [Minor of (3)] [F—— : of Equation (1)
_ - _ B 4.0
_1 13 |=2|2 |3 |+3]2 1- |2 53
-1 1 2 -1 2 -1 1 -1 3 2

=(1) x [Minor of 1] - (4) x [Minor of 4]+ (3) x [Minor of (3)]

I 3 2\ 3 |
:1‘1>§2| ‘2‘—1X2‘+3|—?§1’

=I[(H2)-D)E=3D]-2[2) 2)-(=D(=3)] _7 5 3 4|2 3 al2 s5-

: -3 4 3 1 3 2 -1 2 1 3
+3[2) (M) -(-1)M)]

2 -1 =1|3>§ 2|‘4|—1>§ 2| +3|—1>§ 3|
SI[2+3]42[4-3]+3[2+11=1 5)+2(1)+3(3) _ A o

=I1[52)-3)=3)]-4[2) 2)-(=1)(=3)]

5 1 3 10 -9 4 3

=5+4+2+9 +3[2)B)-(=1)H)]
-D =16 e —
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Basic Mathematics (MSBTE) (Determinant) ...Pg. No. (2-11)

Ex. 2.2.6 ERUMAENS

—1[10+9]—4[4-3]+3[6+5]=1(19)—4(1)+3 (1)
" — — Using Cramer’s Rule solve the equations

19 ! 1 2Xx+4z=5y+28;x +11y=52-41,3x-3=2y+z
=19-4+33 M soln. -
~Dy =48 ) P Step I : Given equations are,
In determinant
I -2 4 D replace 2x +4z =5y +28 ; x+11y=5z-41 ;3x-3=2y+z
P StepV:D,=| 2 15 co-efficients Rewrite equations as,
-1 1 3 of z by constants,
of Equation (1) 2)=5(y) +4(z) =28
--------------------- I1x)+11(y)-5(z) = -41 ...(1
i (x) (y) =5 (1)
""""""""""" 3x)-2(y)-1(z) =3
- 2 1 5 !
0] DX Dy DZ
1 1 3 By Cramer sRule,x:B S Y=Dp =] ..(2)
= (1) x [Minor of 1]— (- 2) x [Minor of — 2] 2 -5 4 Determinant
' b Step II : where. D 1 11 -5 of co-efficients
+ (4) x [Minor of (4)] ep 11 = where, LU= of X, y, z of

3 -2 -1 Equation (1)

2 -5 4

=1 I S |—«(-2|2 5 legl2 v 50 [P
-1 13 11 3 -1 1 |t s

3 -2 -1

= (2) X [Minor of 2] — (= 5) X [Minor of — 5]

1.5
o1 S T H R 3
+ (4) x [Minor of (4)]

=I[(DHB)-DON+2[2)3)-1DO)]
— ——

H—J
3 5 6 -5
+4[2Q) M- M]=1[3-5]+2[6+5]+4[2+1]
H—J H—J - J H—l H—l
2 -1 -2 11 3

=I-2)+2(A1)+43)=-2+22+12
~D, =32 ...(6)

z

P Step VI : Hence,

=2[ADED-CEDEDI+S M) ED-B)(=5)]
-11 10 -1 - 15

D, 64 : +4[(1) (-2)-3) (11

X =D =16 [From Equations (2), (3), (4)] [ )LL ( )L)—]J
-2 33

x =4v ...Ans. | _

D, 4 =2 [-11-10]+ 5[ 1+ 15] + 4[-2 - 33]
Y =D =16 [From Equations (2), (3), (5)] -21 14 ~35

=2(-2D)+5(14)+4(-35=42+70-140

y = 3V ...Ans. C2D+59+4(=35) +

D 32 ~D =-112 ...(3)
7z = B‘ =16 [From Equations (2), (3), (6)] In determinant

v 28 -5 4 D replace
z=2 ~ADS. | ) GrepIII:D= | —41 11 -5 co-efficients
Hence the solutionis, x=4,y=3,z=2 3 -2 -1 of x by constants,

of Equation (1)

Note : To find x evaluate D and D, only.
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Basic Mathematics (MSBTE) (Determinant) ...Pg. No. (2-12)

s s 24D ED-B)E5T1-281(D (=D =3) (=95)]
..................... — — R S —)
= |41 11 =5 41 - 15 -1 - 15
39 1 +4[(1)B)-3) (4D ]
9 _
3 - 123
= (28) X [Minor of 28] — (— 5) X [Minor of —5] 2 [41+15]-28 [~ 1+ 15] +4[3 + 123]
+ (4) X [Minor of (4)] 56 14 126
=2 (56) - 28 (14) +4 (126) =112 - 392 + 504
=28|-#1 11 =5 |—(-5) |41 1]l =5 [+4|-41 11 - . _
. X 1 + =D, =224 ..(5)
I T In determinant
2 -5 28
D replace
s 45 T P StepV:D,=| 1 11 -41 co-efficients
_ | TN\ - 3 of z by constants,
_28‘ —?§—1 1 ‘ 3)1—1 4 3]>§—2 ’ 3203 of Equation (1)
=28[(1 (D -(=2) =) ]+5[4D (D -B)(=-5)] L 5 2%
— — — —_—— g e LT
- 11 10 41 -15 = 1 11 —41
+4[(-4D) (=2)-3)dD ] 3 -2 3
82 33
= (2) X [Minor of 2] — (= 5) X [Minor of — 5]
=28 [- 11 -10]+5 [41 + 15] + 4 [82 — 33]
21 56 49 + (28) X [Minor of 28]

=2 1141 |—(=5) | 1 11-41 428 1 11-41

=28 (-21)+5(56) + 4 (49)
=-588 + 280 + 196

-2 3 3 -2 3 3-2 B
~D, = -112 e
1441 141 1l
In determinant - ‘ >§ ’_5‘ 2‘ +28‘ X ‘
2 28 4 D replace -2 3 3 3-2
P StepIV:D,=| 1 -41 -5 co-efficients

3 3 _1 of y by constants,

of Equation (1) =2[(ADB3) - (-2 4D 1+5[(DB)-B) (4D ]

--------------------- %—J
S 33 82 3 _123
I B +280(1)(-2)=(3) (1) ]
_2 33
3 3 -1
=2 [33-82]+5[3 +123] + 28 [ 2 — 33]
. . 2 =04 gl ~275)
= (2) X [Minor of 2] - (28) X [Minor of 28] _49 126 T35
+ (@) x [Minor of (4)] =2 (= 49) +5 (126) + 28 (- 35) = — 98 + 630 — 980
~D, = —448 ..(6)

P Step VI : Hence,

—o| 1-41-5| 28| 1-41-5 | 44| 1-41-
3 -1 3 B-1 3 3-

X =7y = "1 [From Equations (2) (3), (4)]
BPINPRE L5 Il v
=2‘ %_1 - 8‘ %1 +4 3){3 x =1 ...Ans.

(MSBTE-Sem- | (Common to All))
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D 224 .
y = B‘L =~z [From Equations (2), (3), (5)]

1
Area of AABC = 5 square units.Y’ ...Ans.

Ex. 2.2.8 [(¢RICORA PR ET G

Find the area of the triangle whose vertices are
(4,3) (1, 4) and (2, 3).

|Zl Soln. :

We know, area of triangle ABC with vertices
A (X;, 1), B (%5, ¥,), C (X3, y3) is,

- 2\/ ...Ans.

y
3 D, _ —448 . 6
z =5 =Ty, [FromEquations (2),(3),(6)]

z =4 v ...Ans.

Hence the solutionis,x=1,y=-2,z=4

Ex. 2.2.7 NIEEEYTETS Xy 1
Find the area of the triangle ABC whose vertices are LA FAABC = +l X 1
A(1,1),B(2,1),C(-3,2) - Areao = N
M soin. : X3y 1
We know, area of triangle ABC with vertices Given, Apy) = &3)
A (x4, y)), B (X5, ¥2), C (X3, ¥3) 1s, B (x,,y,) =(1,4)
Xy 1 C(x3,y3) =(2,3)
AreaofAABC=i% X, y, 1 431
X; ¥y 1 . Area of AABC = i‘% 141
Given, A (x,,y)=(1,1), B (X5, ) =(2, 1), C 231
_ 4 1 11 1 4
1 11
1 1
s Areaof A ABC:i‘E 2 11 :i§{4[(4) MH-BG)M]I-3[(DH M -2) )]
4 3 1 2
1 1 2 1 2 1
=J_r§{1>< (—1x + 1x (}
1 - -3 2 +1[(DH) G- D1}

=25 {(1[(H) ()= @) (DI -1[2) ()= (=3) (D] 3 8

— — _%{(4_3)_3(1_2)4.(34-8)}:i%{l+3+11}

1 2 2 -3 \ )
+1[2) @) - (- 3) (D]} b 1
Y Y 1 1
4 -3 = iE (15) = 3 (15) (Since area is positive)
1 1
=5 {(1-2)-2+3)+@+3)} =5 {-1-5+7} 15 e
2 2 = X ...Ans.
Area of A ABC 5 square units Ans
-1 5 7
1 1 . . o
= iE (H= 2 @)) (Since area is positive)
Chapter Ends...
aaa
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Basic Mathematics (MSBTE) (Matrices) ...Pg. No. (3-1)

Chapter 3 : MATRICES

" EXERCISE 3.1

2 3 2 1 2 1
Now,3A-4B =3 -
0 -1 5 0 -1 3
[ by scalar }
multiplication
[ 3x2  3x3 3><2i| [4><1 4x2 4><1J
L 3x0 3x(-1) 3x5 L o4xo0 4x(-1) 4x3

Ex. 3.1.1 IGSINPIVETS

[ 1 2} [4 5 ]
IfX = and Y = find 3X + Y.
-3 4 1 -3

|Zl Soln. : Given matrices,

Matrix Order _ 6 9 6 :|_[ 4 8 4 :'
[ 1 2} 2x2 (D L0 -3 15 0 -4 12
X= _
-3 4 | 6-4 9-8 6-4 } (subtractionof)
v [ 4 5 } 2x2 .2 TLo0-0 —3(@4) 15-12 two matrices
_ 1 _3 2 1 2 . . . .
Order of X and Y is same. 3A-4B = 0 1 3 v This is required matrix
~o3X + Y exist.
SRR W - 11, 4 Marks,. W -12, 2 Marks.
N3XY3[12:'[45} 23 13
ow,3X + Y= + _ _
-3 4 1 -3 lfA—[4 7}andB_[4 6]
From Equations - . . .
[ (1) and (2) (i) Find 2A + 3B — 41, Where I is the unit matrix

(ii) Find 3A - 2B

|Zl Soln. : Given matrices,

[ 3x1 3X2} |:4 5 j| [ By scalar
= +

3x(-3) 3x4 1 -3 multiplication
- Matrix Order
3 6 J [ 4 5 }
= +
L -9 12 1 -3 A:[Z 3 ] 2x2 (D)
_ 4 7
| 34 6+5 [Aaddition of
L —9+1 12+(=3) two matrices B |: 1 3 } 2x2 ...(2)
7 1 46
X +Y= 4 This is required matrix:
-8 9 Also unit matrix I is,
Ex. 3.1.2 ERRAAIETSY 1 0 _
I= 0 1 with same order as 2 X 2 ...(3)

2 3 2 1 2 1
If A =[ 0 -1 5 J and B = [ 0 -1 3 } (i) Since orders of matrices A, B and I are same.

evaluate 3A — 4B. - 2A + 3B — 4 exist.

M Soln. : ) 3 |3 L 0
Given matrices are, S 2A+3B - 4I=2|: 4 7 }+ 3|: 46 }_41: 01 ]
Matrix Order
2 3 2 2% 3 [from Equations (1), (2), (3) ]
Az[o 1 5} () | [ 2x2 23 3x1 3x3 4x1 4x0
12 1 23 L 2x4 zm}{ 3x 4 3><6}[ 4x 0 4><1}
b= |: 0 -1 3 } -(2) (by scalar multiplication)

Here order of matrix A and matrix B is same

[ 4 6}[3 9} ':4 0}
+ —
L 8 14 12 18 0 4

-.3A — 4B exist
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(Matrices) ...Pg. No. (3-2)

| 4+3 649 } [4 0} [Additionoffirst:| _[ 4 6 ]J{ 39 } [5 0}
L8412 14+18 0 4 two matrices L8 14 -6 15 05
T 20 32}-[0 4} L 8+(-6) 14+15 J L 0 5
7 4 15-0 (Addition of 1* two matrices)
= J [subtraction of two matrices] 7 15 } [ 50 :|
20-0 32-4 = _
L 2 29 0 5
15 r
2A +3B-4I = [ ]\/ This is required matrix. | 773 150 }[ 2B }
20 28 L 2-0 29-5 2 24
2 3 1 3 2 15
(i) 3A-2B = 3 -2 2A=3B-5I= v ...Ans.
4 7 4 6 2 24
From Equations
(1) and (2) Ex.3.1.5
[ 3x2 3x3 2x1 2x3 b2 203
by scalar ‘ )
= i Ix 4 Ix 7 j|_‘: 2% 4 2% 6 j| ultiplication If A= 0 4 5 and B = 4 0 -1 find 2A — 3B.
_ 7 8 9 2 3 1
6 9 } [2 6 :| |Zl
"Ll o2alls 12 soln. -
_ Given matrices are,
6-2 9-6
= (subtraction of two matrices Matrix Order
L 12-8 21-12 —
4 3 1 2 3 3x3 (D)
3A-2B =|: 4 9 ]/ This is required matrix. A=l 0 4 5
L7 8 9
ERRA(W-16, 2 Marks) -
Ex. 3.1.4 s : ; 2 0 3 3x3 ...(2)
If A= , B = find 2A + 3B - 5I, = -
aa el L e B 4 0 -
where I is unit matrix of order two : L2 3 1

M soln.: Given equations are,

Since orders of matrix A and matrix B are same.

Matrix Order . 2A — 3B exist,
A—|: 2 3 } 2x2 (D 1 2 3 2 0 3
4 7 2A-3B=2 0 4 5 |-3 4 -1
B [ 1 3 } 2x2 .2 7 8 9 2 3 1
-2 5 from Equations
Here order of matrices A, B are same (1) and (2)
1 0
Also, I =[ 0 }unit matrix of order 2 ...(3) 2x1 2x2 2x3 3x2 3x0 3x3
N = 2x0 2x4 2x5 3x4 3x0 3x(-1)
ow,
2 3 7 1 3 10 2x7 2x8 2x9 3x2 3x3 3x1
2A+SB_5|:2[ 4 7 +3[ -2 5 }5[ 0 1 J
- b 1 Itiplicati
[From Equations (1), (2) and (3)] ( by scalar multiplication )
|: 2x2 2x3 | ‘: 3x1 3x3 i| 2 4 6 6 0 9

= +

2x4  2x7T Ix(=2) 3x5 | 0 8 10 |- 12 0 -3

51 5%x0 ] o 14 16 18 6 9 3
- ...[By scalar multiplication]

50 5x1
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26 4-0 6-9

4 0-12 8-0 10-(-3)

14-6 16-9 18-3
-4 4 -3

2A-3B = -12 8 13 [V This is required solution.

8§ 7 15

I EXERCISE 3.2

(

subtraction of
two matrices

SEERRNW-15, 4 Marks|

1 3
2 1 0
IfA = ,B=|3 0 (C=
-1 3 2 . K

1

find (AB) - C.
|Zl Soln. :
Matrix Order
2 10 2x3 (1)
N
L -1 32
1 3 3x2 ...(2)
B=| 3 0
L 0 1
1 2 2x2 ...(3)
! 2]
L 3 -1
Same
. orderof AB=2x%x3;3%x2=2x%x2
Order of AB
.. AB exist
[From Equations

...Standard from ..

4C))

RC,=2x1D+(1x3)+(0x0)=2+3+0=5
H—J

2 3 0
RiC,=2%x3)+(Ix0)+0x1)=6+0+0=6
H—J H—J [N )
6 0 0
R,Ci=(-1x1)+Bx3)+2x0)=-14+9+0=8
1 9 0

R,C,=(=1x3)+(=1x0)+@2x1)=-3+0+2=—-1

Pd SN N i o g \
l\chl/‘ |\R2C%’,‘ i 8 ! N -1 H

~ AN

5 6
AB=|: g { }orderofABis2><2
P Step II : Now, order of (AB) - Same
C=2x%x2;2%x2=2%x2

Order of (AB) - C
-. (AB) - Cexist

gidr, |[7113
(AB)C= | N
18 LR, 131 -1
Cl CZ
R| Cl R] C2
~(AB)-C=
RZ Cl R2 C2

...Standard from

R, Ci=(5X1)+(6x3)+=5+18=23
5 18

R, C,=(5x2)+(6x-1)=10-6=4
—_— Y

10 ~6
R,C;=BX1+(-1x3)=8-3=5
1 9
R,C,={8x2}+(-1x(-1) =16+1=17
16 1

Substituting all these values in Equation (6)

- ~ -, S~ , N AN

apyco | SRS | A8
=l ===~  eTITos Rdaini "‘"s\
(RO (RGY | (53173

.5

..(6)
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(Matrices) ...Pg. No. (3-4)

23 4
s (AB)-C= 5 17 ...Ans.

Ex. 3.2.2 SRIYMACRVE CR

[ 1 —2} [4 2 —5}
If A= ; B= and
-3 1 1 0 3

6 -7 0
C = =1 2 5 then prove that (AB) C = A (BC)
1 0 3
M son.: Step I : Given,
Matrix Order
M1 —2} 2x2
A=
3 ...(1)
r 4 2 -5 } 2x3 ...(2)-
B =
L 1 0 3
6 -7 0 3x3 ...(3)"
Cc=| -1 2 5
1 0 3
From Equation (1), and (2)
Orderof AB= 2x2 ; 2x3 =2x3
Order of AB

A i £
L1104 13
1L

R] CI R] Cz R] C3
= ...Standard form ...(4)
R2 Cl RZ C2 R2 C3
Now,
R C=(IxH+(=2)xDH=4+(-2)=2
—— |
4 -2
R, C=(1x2) + ((-2)x0)=2+0=2
— [ —
2 0
R, C=(X=5)+((2)x3)=(=5+(-6)=-11
—_— [
-5 -6
R,Ci=(-3p) +(Ix)=(-12)+1 =-11
R [ ——
-12 1
R, C,=((-3)x2)+(Ix0)=(-6)+0=-6
-6 0
R, Ci=(-3)x(-5)+(1x3)=15+3=18
15 3

Substituting all these values in Equation (4)

2 2 -11
AB = ..(3)
-11 -6 18
P StepIl
R, .
[From Equations
R, (3 and (9)]

R, ¢, R G RG
(AB)-C= ...Standard form...(6)
R,C, R, G R G
Now,
R C=2x6)+2x(=D)+((-1)xDH=12-2-11=-1
12 -2 -11
RiC=2xXEN)+2%x2)+((-11)x0)=-14 + 4 +0=-10
-14 4 0
R, C;=2X0)+(2x5)+((-11)x3)=0+10-33=-23
—— — e —
0 10 -33
R,C,=((-11)x 6) + ((-6)X (-1))+ (18 x 1) =— 66 + 6 + 18
-66 6 18
=42
R, C,=((-1DX (=7)) + (- 6)x 2) + (18 X 0) =77 =12+ 0
D —"—— | — | S—
77 -12 0
=65
, Ci=((-11)x0) + (- 6)x 5) + (18 x3) =0-30 +54
— — —
0 -30 54
=24

Substituting all these values in Equation (6)

(AB)C =[ (D

P Step III : Now,

[From Equations
(2) and (3)]
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Basic Mathematics (MSBTE)

.Pg. No. (3-5)

(Matrices) ..

R,C, R,C, R,C,
BC = ...Standard form

Now,

R,C, R,C, R,C,

Ci=(4x6) + (2 X (= D+ ((<5) x 1)=24-2-5=17
| —

— —
24 -2 -5

R, C,=(4x (7)) +(2%x2)+((-5)x0) =
-28 4 0

R, Cy=(@x0)+(2X5)+((-5)x3)=0+10-15=-5
0 10 -15

(X 6)+(Ox(-1)+(Bx1)=6+0+3 =9
6 0 3

R, C,= (Ix (=7)) + (0x 2) + (3% 0) =

=7 0 0

R, C;=(1x0)+(0x5)+(3x3)=0+0+9=9

Substituting all these values in Equation (8)

ZCI

-7+0+0=-7

(8)

28 +4 +0=-24

R, C;=((-3) X(- 5)) + (1x9) = 15 +9 = 24
—_—
15 9
Substituting all these values in Equation (8)

-1
A- (BC) =
O |: -42 65 24

P Step V : From Equations (7) and (11),
(AB)-C = A-(BC)Y

IS e RA\W-06, W-07, W-10, 4 Marks

2 4 .
If A= 1 prove that A —3A =21

(1)

-10 -23 :|

...Hence proved.

Where I is unit matrix of order two

|Zl Soln. :

P Step I : Given matrix is,

BC= 2 4
A = L1 order of matrix A is 2 X 2 ..(D)
|: 17
BC = ...9
9 ©
P Step IV : Now,
Rl Cl Rl CZ
[From Equations = ...Standard form ...(2)
(1) and (9] R,C, R,G,
ow,
R,C, R,C, R,C; | C,=(2x2)+ (4x1)=4+4=8
= ...Standard form ...(10 4 4
R2 C1 R2 C2 R2 C3 —
Now, R,C,=(2x4)+(4x1)=8+4=12
8 4

Ci=(x17) +((-2)x9=17-18 =-1
— —

17 -18
R,C,=(1x (-24)) + ((w/—24 +14=-10

—24 14
R, C;=(IX(=5) + (- 2)x9)=-5-18 =-23
H_J ~ )
-5 -18
R,C,=((-3)x17) + (1x9) =-51+9 = 42
%_J —
51 9
R, C,=((-3)x (24)) + (Ix(-= 7)) =72 -7 = 65
~—_— L ——
72 -7

R,C,=(Ix2)+ (Ix1)=2+1=3
[—— ——

2 1
R,C,=(1x4) + (1 x1)=4+1 =5
—— ——

4 1

Substituting all these values in Equation (2)
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Basic Mathematics (MSBTE) (Matrices) ...Pg. No. (3-6)
, [ 8 12 9 3 0 47 X
A% = ..3) -1
305 2 0 (-] -4 6 Ly
2
3_4
0-6

P StepIl:
8 12 2 4
A*-3A = s s _3 L » |
12-(-4) }: y ( Subtracthn of )
2 two matrices
910 -9-8 z

[From Equations (1) and (3)]

8 12 :| [ 3x2 3x4 } c L
= - by scalar multiplication — X
L 3 5 3x1 3x1 by P ) l
_ R, — 2 =y
=812:|_[612} Ry— - ,
L 3 5 3 3 T
[ 8.6 12-12 G
= (Subtraction of two matrices) R, C, X
L 3-3 5-3 .
-5 0 - R,C, |4 vy |[..Standard form (D)
2 _
A —3A__ 0 2 -4 R, C, z
Now,
P Step IIL: Now, R, Ci=OX (=) +((-1Hx2)=—9-2=-11
— - | N — H_J
21 = 2 | (I unit matrix of order 2 X 2)
-0 - R,Ci=(16 X (- 1)+ ((-6)x2)=-16-12=-28
2x1  2x0 v
= (by scalar multiplication - 16 —12
2x0  2x1
2 0 R,Ci= (19X (1) +((- 17) x2) =-19 - 34 =-53
21 = 0 2 (9 -19 34
Substituting all these values in Equation (1)

From Equations (4) and (5),

A?’-3A = 2Iv'Hence proved. *28 = y
Ex. 3.2.4 IASINIETS ~
-11 X
3 1 0 2 : X 28 | = y ( by Equality )
. - a - f two matrices
Ify3| 4 0 |-2| -2 3 - 0
[ 2 } ’ -53 z
3= -5 4 z
then find x, y, . By Equating corresponding elements of matrices,
M soin. : Given, x=-11,y =-28, z=-53v ...Ans.
31 ] 0 27 . X Ex. 3.2.5 NERAETS
3| 4 0 |-2] -2 3 [ } =y -1 23
3 3 s )t 2 , FA=| 2 1 2 |Find A% —31
3x3 3x1 To2x0  2x2 ] x I -13
-1 . A
3x4  3x0 —| 2x(=2) 2x3 |: } =| vy |Zl Soln. : Given matrix is,
2
3x3 3x(-3) L 2x(-5) 2x4 | z -1 2 3
(By scalar multiplication) A = 2 1 2 | order of matrix Ais 3x3 ...(D)
1 -1 3
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Basic Mathematics (MSBTE) (Matrices) ...Pg. No. (3-7)

AP =A -A (by Equation (3))
(T is unit matrix of order 3 x 3)
_ [From Equation (1)] 8 -3 10 3x1 3x0 3x0
4 2 3 14 | —| 3x0 3x1 3x0
0 -2 10 3x0 3x0 3x1
(by scalar multiplication)
R,C, R,C, R,C, T8 ~3 10 300
A= R,C, R,C, R,C; |.(StandardForm) ...2) | = 2 3 14 |-| 03 0
R,C, R,C, R,C, L 0 -2 10 00 3
Now. T 8-3 —3-0 10-0
R, Ci= ()X 1)+2x2)+(Bx)=1+4+3=8 Jd 2.0 3.3 14-0 bys”b“acu‘?“og
| —— —— two matrix
1 4 3 L 0-0 —2-0 10-3
RlC2=((—1)><2)+(2><1)+(3><(—1)) =_24+2_-3=3 5 -3 10
— — —
-2 2 -3 A-31 =| 2 0 14 |v ...Ans.
RiCi=((-1)x3)+(2x2)+(3%x3)=-3+4+9=10
(S — — — 0 -2 7

-3 4 9
RC=2X(=1)+(1X2)+2x1)= -2+2+2=2

" EXERCISE 3.3

| S — —— \ )
-2 2 2
R,C,=2x2)+(Ix1)+(2x(-1) =4+1-2=3
a_l H_J \ )
4 1 2

Ex. 3.3.1 (I EANEATETLS)

1 2 2 6
l[‘AZ ’B:
5 3 -3 4

. T
R2C3=(2X3)+(1X2)+(2X3)=6+2+6=14 Fll’ld(AB)
%6,_1 H—Jz T |Zl Soln. : Given matrices are,

R,Ci=(Ix-1)+((-Dx2)+Bx1)=-1-2+3=0

1 2
2]
53

-1 -2 3
R;C,=(I1x2)+(-DxD+@Bx(-1) =2-1-3=-2 6
B = { } Q)
° -l -3 ~3 4
R;Ci=(1x3)+((-D)x2)+(3%x3) =3-2+9=10
— — N R,
3 -2 9

[From Equations (1) and (2)]

Substituting all these values in Equation (2)

RICI R1C2
AB= ...(Standard Form) ...(3)
R2Cl chz
Now,
R, C=(1x2)+(2x(-3)=2-6=-4
—— [N )
...(3) 2 -6
R C,=(1x6)+(2x4)=6+8=14
6 8
Now, A°-31 =| 2 3 14 |-3 010 R,Ci=(5%x2)+(3x(-3))=10-9=1
0 -2 10 00 1 10 -9
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Basic Mathematics (MSBTE) (Matrices) ...Pg. No. (3-8)

R,C,=(5%6)+(3%x4)=30+12=42 R,C=2x D+ ((-1)x2)=2-2=0

30 12
R,C,=(2X0)+((-1x(-1)=0+1=1
— \ )

Substituting all these values in Equation (3)

RN 0 1
.'.AB:[::,_ - R,C=C2x1)+((-1)x3)=2-3=-1
NS \ —— —
2 -3

Substituting all these values in Equation (3)

(4

4 14
AB =

—————————— N P Ty Rt ek NN

1 42 (RCORGRCY |{=53 3% -8}

. RN : Bl il B

-4 1 Traspose of matrix CRCONVROVRCH [ o Y I

T e i Nt WA A AN A< I O o b oa -1
(AB) = v is interchange rows |[-l= [~ ST et v - S
14 42 and columns T~ 7

This is required.

Ex. 3.3.2 (IEPRIETS,

1 -3 1 0 1
If A = [ } and B = [ } verify that -5 0

2 -1 2 -1 3 T
(AB)T =B T AT O (AB) = 3 1 (4)
IZI Soln. : Given matrices are, -8 -1

P Step II : Now from Equation (2)

1 -3 1 0 1
2 -1 2 -1 3

T . . . .
A" is Transpose of matrix A is a matrix b

interchanging rows and columns of A.
1 2 ! 2 Cl C2
L A= { } andB's 0 -1 (2) R, C R/G
-3 -1
1 3 = R,C, R,C, |...(Standard Form) .5

P Step I : From Equation (1) R,C, R;C,

same ow,

R _ o

2x2:2%3 R,C,=(IXxD)+@2x(-3)=1-6=-5

1 -6
Order of prod
¢, c c LG PRNT T R, = (1x2)+ 2x(—1)=2-2=0
3 —— -
R, C R G R G 2 -2
= ...(Standard Form) ...(3) | ReC=OXD+(=1x(=3))=0+3=3
R2Cl R2C2 R2C'i 0 3
Now, R,C=0x2)+(-1x(-1)=0+1=1
R C=(IxD)+(-3x2)=1-6=-5 0 1
|—— \ J
1 _6 R;C=(Ix1)+(Bx%x(-3)=1-9=-8
R, C,=(1x0)+(-3%x(-1)=0+3=3 _
1G=( 1 9
0 3 R,;,C= (Ix2)+(3x(-1)=2-3=-1
%_l \ J
R, C=(Ix1)+(-3)x3)=1-9=-8 ) _3
1 -9 Substituting all these values in Equation (5)
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Basic Mathematics (MSBTE) (Matrices) ...Pg. No. (3-9)

Now,
C=IxD+2xD+(1x2)=1+2+2=5
1 2 2
RC,=(Ix2)+2xD+(I1x4)=2+2+4=8
— — —
2 2 4
R, Cy=(I1x3)+(2%x5)+(1x7)=3+10+7=20
) — —— -
3 10 7
TAT_ R,C, = 1 2x1 2)= 2 =8
B A = 3 1 (6) ,Ci=(O0xD+2xDH+3%x2)=0+2+6
0 2 6

-8 -1
R,C,= (0x2)+(2x1)+(Bx4)=0+2+12=14

——
0 2 12
R,Cy= (0x3)+(2x5+(Bx7)=0+10+21=31
0 10 21

Since R.H.S. of Equations (4) and (6) are equal
(.. L.H.S. also).

(AB)T =B A" Hence verified

EX.3.3.3 Cl=(OX1)+(2<i)+(L>r<3)=O+O+2=2

1 2 1 1 2 3 0 0 2
R,C,= (0x2)+(0x1)+(1x4)=0+0+4=4
IfA=| 0 2 3 |andB=| 1 1 5 Q= Q@D
0 0 4
0 0 1 2 4 7 R;Ci= (0x3)+(0x5) +(1x7) =0+0+7=7
. , , , H_J H_l H_l
verify that(AB) =B A 0 0 7

M soln. :Given matrices are, Substituting all these values in Equation (3)

1 21 1 2 3 - S
. < PoNg
A= 0 2 3 andB=| 1 1 5 (=TT T T
ap| /T\
0 0 1 2 4 7 ; _‘RZCII‘RZC%" R7C3,_ {8 ;:\14;: 31}
A’is a transpose of matrix A. { ii_éi i (RC, ) e (RC) 2~Z7~
Transpose of matrix A is a matrix A’ by interchanging row w
and columns of A.
1 0 0 112 5 820
A = 2 20 |,B=|] 2 1 4 ()4 AB = 8 14 31
131 35 7 -2 4 T -
> Step I : Now, from Equation (1), [ 8 2 7 . .
- By interchanging
B Tl AR, (AB) = 8 14 4 rows and columns :|
S L of matrix (4)
OF 2 36 L 20 31 7

P Step II : From Equation (2),

O .";\';"""""""""'

Lad 75
"""""""""""" T T R, [ 1016
LG G BA 202
R,C, R,C, R,C, i

AB =| R,C, R,C, R,C, .,,(Standard> .3)

Form
R;C, R;C, R;G

e,

.5
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Basic Mathematics (MSBTE)

(Matrices) ...Pg. No. (3-10)

R,C, R/ C, R G,
s R,C, R,C, R,C; |..(Standard Form) ...(6)
R;C, R;C, R;C;
Now,
RIC=(IxD+(Ix2)+2x1)=1+2+2=35
H_J — J —
1 2 2
R C=(1x0)+(I1x2)+(2x3)=0+2+6=8
0 2 6
RiC=(Ix0)+(Ix0)+2x1)=0+0+2=2
Toe— —— —
0 0 2
R,C,=2x1)+(1x2)+@x1)=2+2+4=8
2 2 4
R,C,= 2x0)+(1x2)+(4x3)=0+2+12=14
0 2 12
R,C;= 2x0)+(I1x0)+@x1)=0+0+4=4
H_J H_J \ )
0 0 4
R,C,=GBXD+(5x2)+(Tx1)=3+10+7=20
() — —
3 10 7
R,C,=3Bx0)+(5x2)+(7Tx3)=0+10+21=31
0 10 21
R, C;=GBX0)+(Bx0)+(Tx)=0+0+7=7
0 0 7

Substituting all these values in Equation (6)

(REGRCHRC {5383 2]
. B'A'= ,——m_\~\ NN
TR TR RGO R T 8 314 4 )
‘/\:R3C1‘:/‘ (\Rscz\::‘ "\:RSC;:" {:20 ,\"{: 31 ,\"(\’ 7 \;
5 g8 2
B'A’ = 8 14 4 7
20 31 7
From Equations (5) and (7),
(AB)Y=B’ A’ Hence verified.

I3 EXERCISE 3.4

M Soln. :Given matrix is,

IS'EEXNN(W-08, 4 Marks, S-11, 4 Marks
Find the inverse of matrix by adjoint method.

123
245

356
OR Find the adjoint of matrix A.

A=

123 a,  ap a3
A= | 245 |Compare with| ay 3, ay
356 431 dzp A
We know,
_ 1
Al = AT adj- A (D
4 5 2 5 2 4
A=m| X -] X |+ | X
5 6 3 6 3 5
=1 [4) 6)- () S)]-21[(2) 6)-(3) (5]
| G N — —_—
24 10 12 15
+3[(2)(5)-(3) )]
-0 ——
10 12
=1[24-25]-2[12-15]+3 10— 12]
1 -3 -2
=1 (-1)-2(-3)+3(=2)=—1+6-6=—1
e lAl=—1 (2)
ie lAl = 0 - A lexist
Minors of elements Cofactors of elements
4 5 — - 1+1
v <[ 23| e
= @) (6)-(5) (5) - OeD
- = -1=Cy
=24-25=-1= M|,
2 5 — _1 ]+2M
au=2) = ‘ ‘ te T G M
36 = D3
D=(2) (6) - (3) (5) = 3=Cy
=12-15=-3=M,,
24 _ 1 I+3M
an=3) = ’ ‘ T D
35 = (D2
=(2) (5)-(3) (4) - _2-C,
=10-12=-2=M,,
2 3 — _1 2+1M
ay=2) = ’ 56‘ R
= -3
=(2) (6) - (5) (3) = 3=C,
=12-15=-3=M,,
1 3 — _1 2+2M
au=4) = ’ 36' e m b M
= ()3
=(1) (6) - (3) (3) = -3=0Cy
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Basic Mathematics (MSBTE) (Matrices) ...Pg. No. (3-11)
Minors of elements Cofactors of elements 1-3 2 A A A3
=6 -9=-3=M,, A = -3 3 -1 | compare with | 8y 8y 2
1 2 ay = 1M, 2-1 0 a3 a3, ag
a,(=5) = We know,
35 = -DED . 1 .
=D G)-3) 2 = 1=Cy A= Ta7ad A (1)
=5—6=—1=M,, 371 -3.-1
— Al = -(-3)
23 ay = (-1 M -1
a3(=3) = —3-..__,. 3
45 = (D2 +2 2 .
=2 -@6) = 2= G “1((3) 0)- D - DI +3[(3) Q) - @) 1))
=10 —-12=-2= M,, PO-cbel £3)O-@c1
- 5 0 1 0 -2
13 ap, = (-1))7°M 2[3)=D-02) (3
an(=5) = ‘ ‘ 2 ;M +2[EHEDHOI
25 = DED N 3 6
=(1) (5) = (2) (3) = 1= G, =I[0-1]+3[0+2)+2[3-6)=1(-D+3 () +2(-3)
=5-6=—1=M,, -1 2 -3
343 [Al= - 1+6-6=1 ...(2)
12 = 1yYYM -
(= 6) = ‘ ’ a5 = D 3 Al 2 0 .. A 'exist.
‘ 24 = (D) O .
Minors of elements Cofactors of elements
=) 4 -(2) 2 = 0= Cy; 1
30 -1 a, = D'"'M
=4-4=0=Mj an=h =] _y o
= (HED
By these values, =3)O-DE1 = —1=C,
Ci Cp Cp3 -1 3-2 =0-1=-1= M,
Matrix of cofactors=| C,; Cy», Cy3 | 3-3 1 a(=e—3) = ‘ -3 -1 ‘ a, = (- n'*?
C31 C32 C33 -2 10 N 2 0 = (— 1) (2)
Adjoint of matrix A=Transpose of matrix of cofactors ==3)O-@ED = -2=C
1 = 0+2=2=M,,
1+3
= 3-3 (3 a(=2) = ‘ -3 3 ’ a; = (-1) M
s N 2 -1 = (D3
From Equati D (D), 3 ==3)-D-(2)O3) = -3=Cp
rom Equations (1), (2), (3), =3 —6=-3=M,
-1 3-2
| 1 3 3 { ( 3) ‘ -3 2 ‘ a, = (_1)2+1
-1 = — _ a,(=— =
A -1 2 -10 = =1 Q)
-2 1 0
==3)0)-(-D(®) = -2=(
1 -3 2 =0+2=2=M,
-1 _ —_ -
A = 3 3 1 |v ...Ans. ( 3) ’ 12 ’ a,, = (_ 1) + M22
- a = =
2 -10 2 20 = (-4
Ex. 3.4.2 [(TEILIENS =(1) (0)-(2) (2) = —4=0Cy
1 -3 2 =0 —4=—-4=M,,
Find the inverse of the matrix A=| -3 3 -1 1 -3 a, = (- 1)2H
. | .
| N | 2-1 0 3 2 -1 = DO
Using adjoint matrix =1 (=1D-2)(=3) = -5=C,,
M soln.: :Given matrix is, =1+6=5=My
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Basic Mathematics (MSBTE)

(Matrices) ...Pg. No. (3-12)

Minors of elements Cofactors of elements We have, A '= ﬁ Adj. A
-3 2 ay = (-1 M, A
a(=2) = 3 = ()3 7 2 -5
h Cofactors of each element of A= —2 0 2
=(=-3)=D-03)(2) = -3= G 1 -2 1
23—62—3=M31 7 -2 1
"."Adjoint of A is atranspose
12 a, = 1M, || Ad.A=| 2 0 -2 [ ! N }
=—1) = _ of cofactor matrix
ap(=-1) 5 2 1
-3 -1 = (-1(®5) ; 5 |
=DHEDH-=3)? = -5=0C; A—lzl 2 0 _2
=—14+6=5=M;, 4 _5 o) 1
1 -3 — - 3+3
=0 = | | mI OV M | pecaas
: -3 3 = ()(=6) b2
=(1)B)-(-3)(=3) = -6=Cy Find the inverse of the matrix | —1 2 3 |using
=3-9=-6=M,, o 1 & 1
: adjoint method.
By these values, . ..
|Zl Soln. :Given matrix is,
CiCpCy -1-2-3 1 2 4 a a a
. - C C C _ A 11 12 13
Matrix of cofactors 21 Lo Cys 2-4-5(...03) A=|: -1 2 3} compare with| 8y 8,
G5 G5, Cy -3-5-6 1 4 1 a; a3 Ay
Adjoint of matrix A = transpose of matrix of cofactors
We know,
-1-2-3
4 _2_4_5 Al = madj.A (D
-3 _5. -6 Al = 1| if | -2 ‘_ i ? ) + 4 ‘_ i i ‘
From Equations (1), (2) and (3)
-1-2-3 =1[2)(DH-@ D]-2[DD)-1)O3)]
A =—7| -2-4-5 2 12 -1 3
-3-5-6 +4 D@ -1 @)
1 23 —4 2
-1 =1[2-12]-2[-1-3]+4[-4-2
A= | 245 |v ...Ans. 2-12)-20 1-31+414-2]
356 -10 -4 -6
=1(-10)-2(-4)+4(-6)=—10+8-24
Ex. 3.4.3 : Find the inverse of matrix by adjoint method Al = —26 (2

ie. Al#0. A exist

1 1 1
2 3 4
1 -1 1

M soln. :Given mauix is, Minors of elements Cofactors of element
Y = AX (D B 1+1
1 1 1 a(=1) = ‘i ? ‘ a; = DMy
Where, A= 2 3 4 = (1) (10
1 -1 1 =2)M-4 @3
@M-4 O3 _ _10=c,
1 1 1 =2-12=-10=M,,
Al = | 2 3 4
_ _ 1+2
| 1 2, (=2) = ‘ 1) a, = (1) "M,
=13+4)-2-4)+1(-2-3)=4 = D4
_ =DM -(1)@3
|A| # 0 therefore matrix is non-singular andA " exist. EDHM-M @) = 4=C,

(2)
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Basic Mathematics (MSBTE)

(Matrices) ...Pg. No. (3-13)

Minors of elements Cofactors of element

=—1—3=_4=M12
-1 2 — _ 1+3
a,;(=4) = ‘ ) 4’ a; -D'"M,
=-D@-D Q) = ()(-=6)
- ] = -6=Cy
=-4-2=-6=M,
2 4 - _ 2+1
a, (=-D= ‘4 ) ) Ay -1 M,
=2QM-H® = D14
_ = 14:(?21

=2-16=-14=M,,

242
a,(=2) = ‘} ‘11 a, = (-1 "My,
(1)) @4 - (e
=M M-M @A) - 3=,

=1-4=-3=M,,

243
a,(=3) = ‘} i 2y = (1) "My
D@ - = che
=MHH-1O .

= 4-2=2=M,,

_ . 3+1
ay(=1) = ‘3 g a; = (=1) My
2)(3)-(2) (4 = e
=23 -0 _aec,

=6-8=-2=M;,

_ - 3+2
ay,(=4) = ‘_} §| ap = (1) "My,
1) (3)- (- 1) (4 = cho
=MHG-DH® - _7=C,

=3+4=T7=M,,

_ _ 3+3
ay(=1) = ‘_} §| aj = (1) "My
b o = (LH®
=2 --=D® - 4=C,

=2+2=4=M;,
CiCpCy3 -10 4 -6
Matrix of cofactors =| C;C,, Cp3 | 14 -3 -2
C,,Cs, Gy -2 -7 4
.. Adjoint of matrix A = Transpose of matrix of cofactors
- 10 14 -2
= 2 —g —Z ...(3)

From Equations (1), (2), (3)

L[~ 14 -2
Al = 4 -3 -7|v

= —H57 ...Ans.
-26 -6 -2 4

I EXERCISE 3.5

Ex. 3.5.1 AU PR R Ty CH

Using matrix inversion method solve the equation

X+y+z=5x+y-z=3, x-y=2

M soln. : Given equations are,

=3;

These we can write in matrix form as,
AX = B

Where,

X+y+z=5; Xx+y-z X-y=2

4 Ap ap

1 1 1

A = |: 1 1 -1 }compare with| 2 3y ay
1 -1 0

a3 Ay Az

Known as coefficient matrix

X 5
X = |:y:| and B :{3:| (D
z 2

As, AX = B
~ X= A'B .(2)
We know,
_ 1 .
Al = a7 adi A ..(3)
1 1 1
Since, IAl = 1 1 -1
1 -1 0
| Ut e
‘1‘ 1 Aol I S

=) O)-DHEEDI-TIDO)-1) D]
0 1 0 -1

+1 MDD - M)
1

-1

=I0-1]-1[0+1]+1[-1-1]1=1(-1)-1(1)+1(-2)

-1 1 -2
=—1-1-2=-4 ..(4)
ie.= IAI1#0 . A 'exist
Minors of elements Cofactors of elements
l _1 — — 1+1
a (=1 = ) _1 0‘ an =D M
—HO) - D) - e
- I = -1=Cy
—0-1=-1= M,
1 -1 = (-1 1+2M
ap =D 12
an(=1) =
10 =(-1) (1)
=D O) -1 = -1=C,
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(Matrices) ...Pg. No. (3-14)

Minors of elements

Cofactors of elements

=—1-1=-2=M,

=0 +1=1=M,,
1 1 - (_ 1+3

ap(=l) = ’ ‘ = CDT My
bl = ()2

=) (=D~ (1) = -2=C,

=0 -1=-1=M,,

1 1 — _12+1M
ay(=1) = ‘ ‘ b= DM

-1 0 = (-1
=(1) (0) - (= 1) (1) = -1=Cy
=0+1=1=M,

11 — — 2+2
an=1) = ‘ ‘ e D

10 = () (1)
=(1) (0) - (1) (1) = _1=0C,

1 1‘
1 -1
=D D - M
=1-1=-2=M,,

an(=-1) = ‘

4y = (- 1)2+3M23

= )2
= 2=Cy

From Equations (3), (4) and (5)

~1-1-2

.-.A‘1=_L4 -1-1 2
-2 2 0
112

N

A= gl 11 -2
2-20

Substitute these values in Equation (2)

1112
X:211—2B

2 -2 0
| 1 1 2 71->RT5
X = 1 1 1 -2 |-R,[3
2 -2 0J1-5R;L2
T
Cl
1_ (I1x5+(1x3)+(2x2)
=1 (Ix5+(Ax3)+(-2 x2)
L 2x5+(=2%x3)+(0x2)
_R]Cl
= R, C, [ Multiplication of two matrices]
. R,C,
5+3+4
X = 5+3-4

=x4

~

By Equating corresponding elements of both sides,

L x=3, y=1, z=1V ...Ans.

‘ [ ‘ ay = (-1’ My,
ay(=) =
b-l = ()(-2)
=) 11 () - 2=,
=1-1=-2=M;,
’ 11 ‘ ap = (- 1)3+2M32
a,(=-1) =
b-l = DD
=) (=D=M @D =2 =0Cy
=1-1=-2=M,,
ay(=0) = ’ ! ‘ = C DMy
bl = (MO
=(1) (1)~ (1) (1) - 0-cC,
=1-1=0=M,,
By these values,
Ci Cp Gy -1-1-2
Matrix of cofactors=| C,; Cp, Cy3 | -1-1 2
G Gy Gy -2.20
Adjoint of Matrix A=Transpose of matrix of cofactors
-1-1-2
= -1-1 2 ...(5)
-2 2 0

Ex. 3.5.2 RIG VY ET (R

Solve by matrix method
2x+3y-z=-3,5x+y+32z=10,4x +3y—-2z=-3

|Zl Soln. : Given equations are,

2x+3y-z = -3
S5x+y+3z = 10
4x+3y-2z = -3
These we can write in matrix form as,
AX = B
Where,
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(Matrices) ...Pg. No. (3-15)

o 3 4 34 A

A=| 51 3 |compare with| a ay ay
L4 3 =2

a3 A3 dg

known as coefficient matrix

[x -3
X = |y| and B=| 10
Lz -3

(D)
As, AX = B
X = A'B .(2)
We know,
_ |
AT = a7 adi A ..(3)
2 3 -1
Al= | 5 1 3
4 3 -2

Loo 3] 15+ 3] |5 1|
=2)3 —2‘ ‘3)4 2‘ ")4 A

=2[(DEY-3)B))-3[)=2)-AF B)

-2 9 -10 12
=1[(5 3)-@) )]
H_J H_}
15 4
=2[-2-9]-3[-10-12]-1[15-4]
— — —
-11 -22 11
=2-11)-3=22)-1(11)=-22+66-11
Al = 33 .4
Minors of elements Cofactors of elements
1 3 |an=CD""My=(1) 1)
a =2)=
wea=lg | |20

=(1)(-2)-(3) (3)
=—2-9=—11=M,

5 3 ap=(=1) "My =(-1) (-22)
a =3=

eca=ly S %0

= (5) (-2) - (4) (3)
=—10-12=-22=M,,

5 1 az=(=1)" M= (1) (11)
a :—1:

we-n=la ol [l

= (5) (3)— (4) (1)
=15-4=11=My

3 -1 Ay = (= 17" My = (= 1) (- 3)
a (=5)= 21 21

=3)(=2)-1) 1)
=_6+3=_3=M21

2 -1 85 = (- 1) " My, = (1) 0)
a (=1)= 22 22

=(2) (-2)—(4) (-1)
=—4+4=O=M22

Minors of elements

Cofactors of elements

2 3
azs(=3)=|4 3

=(2)(3)-(4) (9
=6-12=—6= My

a5 = (-1 My = (- 1) (- 6)
=6=Czs

331(=4)=|:13 _31 |

ag = (= 1)°" " Mgy = (1) (10)

= 10 = 031
=@3) @) -1
=9+1=10=M;,
e LA (= 1) Mgz = (= 1) (11)
* 5 3 =—11=Cy
=2 B)-06) 1)
=6+5=11=My
ac-2)=|2 3] 8 =(-1)""" Mgy = (1) (- 13)
* 5 1 =-13=Cy
=@ ™1M-06)E)
=2-15=—-13=Mg,
By these values,
CoCuCs | roqr 22 11
Matrix of cofactors =5 C,; Cy, Cyy =|: 3 0 6}
C,, Cy, Cyy 10-11 -13
Adjoint of matrix A = Transpose of matrix of cofactors
-11 3 10
Adj A = 22 0 -11 ...(5)
116 -13
Substitute values from Equations (4) and (5) in Equation (3)
| [—-11 3 107
Al = 3 22 0 -11
L 11 6 —13]
Substitute this value in Equation (2)
| [-11 3 107]
X= 33 22 0 -11 |B
L 11 6 —-13]
HTNENC S
=3 |[L2 0 e-R, |10
IR ED o S )
Cl

[ Multiplication of two matrices]

(11 x (= 3) + (3 x 10) + (10 X (= 3))
(22X (= 3)) + (0 X 10) + (= 11 X (= 3))
(11X (=3)) + (6 10) + (= 13 % (= 3))
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(Matrices) ...

Pg. No. (3-16)

| 33 +30-30
—| —66+0+33

33 -33+60+39

y| = -33
4 K

o3

[by scalar multiplication]

1
33><33

1
33X (-33)

1
33><66

Tl
= | -1
L 2

By Equating corresponding elements of both sides,
~x=1, y=-1, z=2v

...Ans.

=1 [(D) (1) -(0) (D] -1

[(0) (1) = (1) (D]

Ex. 3.5.3 B R AET{ CH

=0-1=-1=My

1 0 0 1
+1[(0) (0)- (D) (D]
—
0 1
=I[1-0]-1[0-1]+1[0-1]=1()-1(-D+1(-1)
1 -1 -1
=1+1-1=1 ...(4)
Minors of elements Cofactors of elements
a11(=1)=|1 1| a11—( 1)1”
0 1 =M1
= (1) (1) = (0) (1) - 1=Cy
=1-0=1=My,
0 1 ( )1+2M
ap (= 1)—| |
= (=11
=(0) (1) = (1) (1) = 1=Cyp

Solve by matrix method the set of equations |0 1 | Ay = (_-|)1+3|\/|13
Xtytz=2,y+tz=1z+x=3 ai(=1)= - (1))
M soln.: =(0) (0) - (1) (1) = —1=Cy
Given equations are, =0-1=-1=M
X+y+z= 2; y+z = 1 a21(=0)=|1 1| ay= (1) M
z+x = 3 0 1 )
Rewrite equations as, =(1) (1) -(0) (1) = —1=0C,,
X+y+z = 2; Ox+y+z = 1 =1-0=1=M,
x+0y+z = 3 a (_1)_|1 1| ap= (- 1) Ma,
o . 2=D=14 4
These we can write in matrix form as, = (1) (0)
AX = B =M -0 = 0=Cy
1 11 ap ap a3 =1-1=0=M —
Where,A:{O 1 lj|compare with| a5, 2y ay aps (= 1) = | 11 | A= (1) "My
bot 31 A3 A3 1o =(=1(E1)
. . R =(1)(0)-(1) (1) =1=C
known as coefficient matrix —0-1=—1=M 23
5 =0-T1==-1=Ny
X 3+1
X = |:y:| and B=|:1j| (D) ag (= 1) = | 1 | az = (—1) M,
z 3 = (1) (0)
=1 -0)) =0=_Cy,
As, AX = B —1-1=0=M,
-1
X = AB ...(2) |1 1 | ag, = (—1)3+2M
We k A’ L wdia (3) 20710 1 =11
e know, = o a -
Al = (1) (1) =) (1) - _1-0Cy
1 1 1 =1-0=1=M;,
Al = 0 11 11 | Qa3 = (_1)3+3M33
1 0 1 ag(=1=]qg 1 i
1-.1 01 0.1 =(1) (1) = (0) (1) : _
=1‘ | —1( | +1) ‘ ( 1=Cs;
01 1771 -0 =1-0=1=Mj
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(Matrices) ...Pg. No. (3-17)

By these values,

Ch Gy Gy 1 1-1
Matrix of cofactors =| C,; Cy Cp |= {_ 1 0 1
Gy Gy Gy 0-11

Adjoint of matrix A=Transpose of matrix of cofactors

I -1 0
s 1 0 -1
-1 1 1

1 -1 0
AdjAad 1 0 -1

-1 1 1

Substitute values from Equations (4) and (5) in Equation (3)

A7 =

1 -1 0
%{ 1 0 —l}
-1 1 1
1 -1 0
1 0 -1
-1 1 1

Substitute this value in Equation (2)

I -1 0
X = 1 0 -1

-1 1 1

A

} B {(X=A"B)

0 e R, =

= 1 «1—R, 1
1ie—R, |13

Cl

I
1

=~ A

gL
[

R, C,

Ix2)+O0Ox1)+(-1x3)

(1x2)+(—1x1)+(0x3)}
1x2)+(Ax1)+(1x3)

2-1+0 1
= 2+0-3 [=] -1
L-2+1+3 2

AT

|

[.- Multiplication of two matrix]

V4

(5

By Equating corresponding elements of matrices of both

sides,

sx=1, y=-1, z=2v

...Ans.

Ex. 3.5.4 VRV ET{ICR

Using matrix method, Solve the simultaneous equations

X+y+z=6, x-y+2z=5, 2x+y-z=1
|Zl Soln. : Given equations are,
X+y+z =6; x—-y+2z=5 ;2x+y-z=1

These we can write in matrix form as,

AX = B
1 1 1
Where, A = 1 -1 2
2 1 -1
4 3 A
Compare with Ay Ay Ay
a3 A3 A

6
; B: 5
1
As, AX = B ~ X = A'B
We know,
1 L .
Al = T AGA
1 1 1
Al= | 1 -1 2
2 1 -1
-1 ..2 1.2 1 -1
=1| 1 -""-1)‘1|2 i"‘~1|+1|2 1(

=I[DED-M@)]-1[H) =D=-2)2)]
1 2 -1 4
+1[(D) (D=2 1)]
1 2

—

(D
.2

...(3)

=I[1-2]-I[-1-4]1+I[1+2]=1(-1D)-1(=5+1@3)
%_J

=5=C12
=M EN-2 @
=-1-4=-5=My,

-1 -5 3
=—1+5+3=7 .4
Minors of elements : Cofactors of elements :
1+1
a11(=1)=|_1 _2| a11=(_1) M11=(1)(_1)
=_1=C11
=NEND-(1)@
=1-2=-1=Mj
1+2
1 2 ap=(-1 My,=(-1) (-5
a12(=1)=|2 _1| 12 ( ) 12 ( )( )

ai=(-1)"""My=(1) @3

a13(=1)=|; _1| _3-C,

=1 M-@ 1
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(Matrices) ...Pg. No. (3-18)

Minors of elements : Cofactors of elements :

——1+2=3=My,

—(— 2+1|VI (- -
a21(=1)=” _1| a21=2(=1c):21 2 =(1)(=2)
=M= @)

S 1-1=-2=M,,

—(— 2+2|VI — -
a22(=—1)=|; _H a22=—(31=)C22 22=(1)(=3)
=M= 1)
=-1-2=-3=Myp,

—(— 2+3M _(— _
an 2=, 1] a23=(1=1)023 R CDED
=N M-@0)
=1-2=—1=My

_(_ 3+1 -
an=2=|_1 1 am;gzﬂcm Ms; = (1) (3)
=)@ -1)) d
—24+1=3=M;, |

an-n=]1 1] ag = (= 1) Mg = (= 1) (1)

=(1)@-10)
=2-1=1=Ms,

=—1=Cg [

333(=—1)=|1 _1' ——2-C,

=M EN-M@ .

=—1-1=-2=Mg

ag=(1)""Myu=(1)(-2)

By these values,

Ci G G5 15 3
Matrix of cofactors=| C,; Cyp Cyp :{ 2-3 1}
C31 C32 C33 3 - 1 - 2

Adjoint of matrix A=Transpose of matrix of cofactors

-1 2 3
= 5 -3 -1
31 =2

-1 2 3
{ 5 -3 —1} .5
301 -2

Substitute values from Equations (4) and (5) in Equation (3)

-1 203
A= ol 5 -3 -

3 1 =2
Using this in Equation (2)

1—1 2 3
X=7 5 -3 -1

31 =2

AdjA =

"""""""""""""""" "

=1 |

B _7 _______________________ 15
i ' 1

l{1 Cl
R, C, [ Multiplication of two matrix]
R; C,

1_ =1x6)+(2x5+@Bx1)
X = 7 BxX6)+(=3x5+(=1x1)
Bx6)+(Ix5+(=2x1)
1_—6+10+3
X = 7 30-15-1
L 18+5-2
X 1_7 X
z L 21 z
%x7
1
X = 7X14
%XZI

1
< X

L 1
1l

H Lo 2]

By Equating corresponding elements of both sides,
~x=1, y=2, z=3v

Z

S SCRRY. S-08, S-10,S-12, S-13, 4 Marks, Q. 6(c), S-22, Q.

6(a), W-17, 6 Marks.

Using matrix inversion method solve the equation
X+y+z=3, x+2y+3z=4, x+4y+92=6
M soin.:

Given equations are,
X+y+z=3; x+2y+3z=4 x+4y+9z2=6

These we can write in the matrix form as,

AX = B
1
]
9

4 Ap apg

EEN NS

Where, A = |:

Compare with | @ 35 ay

431 A3 dsz

known as coefficient matrix
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(Matrices) ...Pg. No. (3-19)

X
X=1Yy
z

| o]

|

(D
As, A X = B
~ X = A'B .(2)
We know,
1 .
Al = T Adj A ..(3)
1 1 1
Al = 1 2 3 ’
1 4 9
2 3 13 1 2
=M 14 9 ‘(”)1 9‘+(”‘1 4|S
2 -3 1 3 1 2
=1|4@ -1 9&+41 H
=1[{2)O)-@A A1) -1)3)]
— — ——
18 12 9 3
+1[(DH@H - 2]
H_J H_J
4 2
=1[18—-12]1-1[9-3]1+1[4-2]1=1(6)-1(6)+1(2)
6 6 2
=6-6+2=2 ...(4
Minors of elements Cofactors of elements
an=n=15 3 an=CN"" My =(1)©
=6=Cyy
=(2) (9)-(4) (3) i
=18-12=6=M, 4
1+2
&‘12(=1)=|;I g ap=(-1) M, = (- 1) (6)
=-6= C12
=(1)(©9)-(1) (@O
=9-3=6=M,,

a1s(=1)=|] il

=M @-ME
=4-2=2=M;

a=(1)"My=(1) @)
=2=C13

a21(=1)=|1 ;l

=(1)(9)-4) (1)
=9-4=5=M,

ap= (=1 My = (= 1) (5)
=_5=Cz1

322(=2)=|] ;l

=M O-M1O)
=9-1=8=My,

8z = (= 1)*"% My = (1) (8)
=8=sz

Minors of elements Cofactors of elements
1 1 —(—1)2*3 = (-
an=3=1 4l 8z = (=1) My = (1) (3)
=—-3=Cy
=(1) @) -(1)()
=4-1=3=My
1 1 —(— 3+1 _
an=0=|5 3l ag = (=1)""" Mg = (1) (1)
=(1)(3)-(2) (1)
=3-2=1=Mj
1 1 = (= +2 — (=
ag, (=4) = | 1 3 | ap=(=1)" "Mp=(-1)(2)
=-2=Cgy
=(1) @) - (1) (1)
=3-1=2=My
1 1 —(— 3+3 -
a=9=|] 5] azs=(=1)""" Mg = (1) (1)
=1=0Cg
=(1)(2)—(1) (1)
=2-1=1=Mg
By these values,
C Cpp Cp5 6-6 2
Matrix of cofactors =| C,; Cy, Cy =|:—5 8 —3}
C31 C32 C33 1_2 1

Adjoint of matrix A=Transpose of matrix of cofactors

6 -5 1
= -6 8 -2
2 -3 1

)

.05

]

Substitute values from Equations (4) and (5) in Equation (3)

6 -5
Adj A= |:—6 8
2 -3
1_ 6 -5
N 5 -6 8
L 2 -3
Substitute this value in Equation (2)
1_ 6 -5
X = 5 -6 8
L 2 -3

1
-2
1

1
-2
1

4 [B From Equations (1)]
6
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| (6X3)+(-5%x4)+(1x6) lx4
= 6X3)+@8x%x4)+(—2x%x6) ] 2
- 1

(@x3)+(=3x4) +{1x6) y| = EXZ (by scalar multiplication)

1 18-20+6 7| :

=3 -18+32-12 EXO

6-12+6 o

X 4 X X 2
y| = 2 v X=|y yl =1
Z 2 0 VA LZ_ 0

By equating corresponding elements of matrices of both
sides,

x=2, y=1, z=0v ...Ans.

Chapter Ends...
aaa

Target & Tech-Neo Publications
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(Partial Fraction) ...Pg. No. (4-1)

Chapter 4 : PARTIAL FRACTION

I° Exercise 4.1

Ex. 4.1.1 [CAENCEPAPITET)
1

Resolve into partial fraction : —
X =X

M soin. : First find out all possible factors of denominator

Si | 1
ince, 2 x xGx-1D)
. 1 A B
Consider, 2 e ...(1)
1 Ax-D+Bx [ by simplification :|
x| x(x-1) taking L.C.M. of R.H.S.

Observe that, L.H.S. denominator and R.H.S. denominator
are equal,

L.H.S. numerator = R.H.S. numerator

1 = Ax-1)+Bx e(2)

Put x = 0, in Equation (1)
[To find A from Equation (1), put denominator of A equal to
Zero]

1
1
1=

AO-1)+B(0)
A1)
—A =

A=-1
Putx-1=0 = x=1,in Equation (2)

[To find B from Equation (1), put denominator of
equal to Zero]

1 = A +B()
1= 0+B
1= B = B=1

Substitute these values (A =— 1, B = 1) in Equation (1)

Equation (1) becomes,

. x—2 x—2 A B
Consider, 2o T xx-D - x tx-1 «..(1)
x-=2 Ax-D+Bx [ By simplification }
Cox  xX(x-1) taking L.C.M of R.H.S.

Observe that, L.H.S. denominator and R.H.S. denominator
are equal.

L.H.S. numerator = R.H.S. numerator

x-2 = AEx-1)+Bx ..(2)

Put x = 0, in Equation (2)

[To find A from Equation (1), put denominator of A equal
to Zero]

0-2 = AO-1)+B(0)
2= ACD+0
_2 = —_A = A=2

Putx-1=0= x=1, in Equation (2)

[To find B from Equation (1), put denominator of B equal
to Zero|]

1-2 = AQ)+B()
-1 = 0+B
-1 =B = B=-1

Substitute these values (A =2, B =— 1) in Equation (1).
Equation (1) becomes,

X—2 2 -1
- +

1 =1 1
<_x X tXo1
1 1 1 v (Taking positive)
X-x X-1 x terms as I
This is required solution.
Ex. 4.1.2 [(JRUACRIAPRNELS
. . . x—=2 x—=2
Resolve into partial fraction xE-DT 2
X —X

M soln. : First find out all possible factors of denominator

Since, X—x = x x-=1

Cox x Fx-1
-2 2 1
XZ— = T - v" This is required solution.
C—x x x-1
SR RE(W-07, W-08, S-09, S-17, 4 Marks

+4 X+4
X(x+1)

. . 9 X
Resolve into partial fraction : —;
X +X
M Soln. : First find out all possible factors of denominator
We can write,
X 4+X = x(x+1)

x+4  x+4 A _B
Cax x(x—l)_x+x+1
x+4 A B
Cx =t X+1 ..(D)
x+4  Ax+1)+Bx [ by simplification }
<+x  xX(x+1D taking L.C.M. of R H.S.
Observe that, L.H.S. denominator and R.H.S.
denominator are equal.
L.H.S. numerator = R.H.S. numerator
x+4 = AX+1)+Bx ...(2)
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Basic Mathematics (MSBTE) (Partial Fraction) ...Pg. No. (4-2)
AO)(=1+2)+B=1)(=1+2)+C(-1)(0)
0+B(1)(1)+0

1= -B = B=-1

—_
I

Put x = 0, in Equation (1),

[To find A from Equation (1), put denominator of A equal to
Zero]

0+4
4

A©+1)+B(0)
A = A=4

Put x + 2 =0 = x = -2, in Equation (2)

[To find C from Equation (1), put denominator of C equal to

Put x + 1 =0 = x = - 1, in Equation (2), Zero]

[To find B from Equation (1), put denominator of B equal to I= AC2+ DO+ BC) O+ CE2) 2+ D)
Zero] = 0+0+C(=2)(-1)=2C
-1+4 = AW0)+B(-1) C= % = C=%
3= 0-B 1 1
3= _B = B=-3 Substitute these values (A=§,B =— 1,C=§)in

Substitute these values (A =4, B = - 3) in Equation (1) Equation (1).

Equation (1) becomes, Equation (1) becomes,

X + 4 4 -3 1 1
.S e - 1 1
T e x X x+1 1 _2 -1 2

x+4 4 3 , xXx+Dx+2) " x Tx+1 T x+2

2T X Tx+1 v’ This is required solution. 1 11 1 11

X +Xx - L _ 11 1
xx+1D)x+2) ~ 2x  x+1 t 2x+2

Ex. 4.1.4 NIEFPITEILSY

Ex. 4.1.5 [CRUuM A ELS

8x -4
Resolve into partial fraction :7X—
3x"—-2x -1

. e 1
Resolve into the partial fraction — 2 5
X +3x +2x

M soln. : First find out all possible factors of denominator. o i i
M Soln. : First find out all possible factors of denominator

We know, .
30+ 2= x (C=3x +2) = x (x+ 1) (x +2) Since,
Consider Note the factors :
’ 3 -2x—1 = 3x'-3x+x-1 |-3+1=-2and
1t A B _C 1 3% = -3
x(x+1)(x+2)_x+x+1+x+2 el
= 3xXE-D+x-1)
1 Ax+ 1) (x+2) + Bx(x +2) + Cx(x +1) 2
xx+ 1) (x+2) = x(x +1) (x +2) ' -2x-1= (x-1)Gx+1)
|: by simplification § x—4 = ?X _34 1
taking L.C.M. of R.H.S. 3x’ -2x-1 x-DGx+1D)
Observe that, L.H.S. denominator and RH.S.:l- .. 8x —4 _ A N B (1)
denominator are equal. ’ 3 2x — 1 x-17" 3x+1
L.H.S. numerator = R.H.S. numerator 8x -4 _ AGx+ D +Bx-1)
I= AG+DE+2)+Bxx+2)+Cxx+1  ...QQ) | 3x%-2x—-1 x=-1)Cx+1)

Put x = 0, in Equation (2) [ by simplification ]

taking L.C.M. of R.H.S.
Observe that, L.H.S. denominator and R.H.S. denominator
are equal.

[To find A from Equation (1), put denominator of A equal to
Zero]

1= AQ+1)(0+2) +B(0)(0+2)+C(0) 0+ 1)
1= AD@2)+0+0
1= 2A

L.H.S. numerator = R.H.S. numerator
8x—-4 = AQGBx+1)+Bx-1) ...(2)
Put x-1=0= x =1, in Equation (2),

| —

1
A= 2 = A= [To find A from Equation (1), put denominator of A equal to

Putx + 1 =0 = x = -1, in Equation (2) Zero]

. . . 8(1)-4 = A((Bx1)+1)+B()
[To find B from Equation (1), put denominator of B equal to
8—4 = AB+1+0
Zero]
4 = A@4)
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Basic Mathematics (MSBTE) (Partial Fraction) ...Pg. No. (4-3)

4 = 4A 4 = 12A
A 4,
A= — = A=1 12 -
A 4 1
-1 A=T173
Put3x+1=0=>3x=-1=x= 3 in Equation (2), |
[To find B from Equation (1), put denominator of B equal to = A = 3

Zero] Put x+1=0= x=- 1, in equation (2),

[To find B, from equation (1), put denominator of B
equal to zero]

%)
7N
ua||

—_
N
|

N

1]

A(O)+B(_3—l—1>

‘78_4 _ 0+B(_13_3) 143 = AO) (=145 +B1-1)(=1+5)
+C(=1-1)(0)
W= B(_T) 2 = 0+B(=2)#+0
2 = B(-98)
-8-12 B(—_) )
320 3 3 = B
& — B(__) : l
43 203 b
__B — —_ __1
3 3 p— B = 4
B = —_ZOX% —~ B-= Put x+5=0= x=-15inequation (2),
V. [To find C, from equation (1) put denominator of C equal to

zero]

-54+43 = AC5S5+D)O)+B(-5-1)(0)
+C(E=5-1)(5+1

-2 = 0+0+C(-~6)(-49

Substitute these values (A = 1, B =5) in Equation (1),

Equation (1) becomes,
8x -4 1 5

3X2—2X—1 - X—1+ 3x+1

This is required solution. -2 =C@9
i = C - C= i
Ex. 4.1.6 [(cRAORN YA Y ELS 24~ T T 24
Resolve into partial fractions : —1
X+3 = C=7
x-DE+D+5) _1 _1
™ Soin.: Consid Substitute these values (A =5, B=—",C= 1—) in
.+ Consider,
X+ 3 A B C equation (1)
x-DE+DE+5 " x-1 Tx+1 tx+5 () -1 -1
X+3 CA(X+1) (x+5) +Bx=1) (x+5) + Clx = 1) (x + 1) . x+3 3 N 4 N 12
(x=1) (x+1) (x+5)~ (x-1) (x+1) (x+5) Tx-DE+D)E+5 7 x-1"x+1 "x+5
(By simplification taking LCM of RHS) x+3 _ 1.1 _l . 1 _L 1
Observe that, L.H.S. denominator and R.H.S. | X-D&+DE+5) 3x-1 4x+1 12x+5
denominator are equal. ...Ans
L.H.S. numerator = R.H.S. numerator Ex. 4.1.7 (R
x+3= Ax+D(x+3)+Bx-1D)x+3) Resolve into partial fraction 2]
SOIVE 1 artia ctions : — 5, .
+C(x - 1) (x+1)...(2) ? x+2) (x=1)

Putx - 1=0=>x=1, H_l equation (2), . M Soln. : First find out all possible factors of denominator
[To find A from equation (1), put denominator of A

equal to zero] Consider,

2143 = A0+ A +5+BO)(1+5)+C0)(1+1) ] % — 1 X o l=x) = (1)
4 = AQ)6)+0+0 x+2) (1) K+ x-Dx+1D) =(x=1)(x +)
4 = A(12)
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Basic Mathematics (MSBTE) (Partial Fraction) ...Pg. No. (4-4)

2x =1 A B C IS'aF R RN (W-08, S-17, Q. 2(b), S-18, 4 Marks
2 (x> -1 x+2 Tx-1 x40 =) X4 |
x+2)(x" =D Resolve into partial fractions : — 5 — .
o 2x-1 CAG-DE+D+BER+2) x+ D+Cx+2) x-1 Xx(x"=1)
. o x+2)(x=-2)(x+1) o . .
(x+2) (-1 b b * M soln. : First find out all possible factors of denominator

[ by simplification taking L.C.M. of R.H.S. ] Since. x> — 1 = (x)2 _ (1)2
Observe that, L.H.S. denominator and R.H.S. denominator 2o = (x— 1) (x +D)[" a2l (a—b) (a+b)]
are equal. ) B ) : B
L.H.S. numerator = R.H.S. numerator X 2+ 1 - Xl + 1 I
2x—1 = A=D1 (x+1)+Bx+2) (x+1) X(;“l) Xx=D&x+1D
+C(x+2) (x—1) e | 2L AL B C (D)
X (X _ 1) X x—1 X +1
Put x + 2 = 0 = x = -2, in Equation (2), )
_x +1 Ax-DEE+D+Bxx+1D)+Cxx-1)
[To find A from Equation (1), put denominator of A equal to s (x2 —1) = x(x =1) (x + 1)

Zero]
22)-1= AE2-1D(2+4+)+BO)(-=2+1)
+CWO)(=2-1)
-4-1= AE3)D+0+0

[ by simplification taking L.C.M. of R.H.S.]
Observe that, L.H.S. denominator and R.H.S. denominator
are equal.
L.H.S. numerator = R.H.S. numerator
X+1 = Ax-1DE+D+Bxx+1)+Cx(x-1)
..(2)

|
W
Il

-5
3A = A = 3

Putx-1=0= x =1, in Equation (2) Put x = 0, in Equation (2)
=0, ,

[To find B from Equation (1), put denominator of B equal to

Zero] [To find A from Equation (1), put denominator of A equal to
ero

Zero]

2(Hh=-1 = AO)A+D+BA+2)(1+1) 0+41 = AWO—=1)(0+1)+B(0) (0 +1)+CO) 0-1)
+C{1+2)(0)
2-1= 0+B3)2)+0 1 = ACDH1)+0+0
I = -A = A= -1

1
I=B6 = B=g Putx—1=0= x = 1, in Equation (2),

[To find B from Equation (1), put denominator of B equal to
Zero]

Putx +1=0—= x=-1, in Equation (2)

[To find C from Equation (1), put denominator of C equal to

Zero] (1)2+1 = AO)(1+1)+B@1) 1+ 1)+ C() (0
2(-1)—-1 = A=1-1)(0)+B(-1+2)(0) I+1 = 0+B(1)(2)+0
+C=14+2)(=1-1) 2=12B
-2-1= 0+0+C(D)(=2) 2
-3 = C(-2 B=;=1 = B=1
-3 = -2C
-3 3 Putx + 1 =0 = x =- 1, in Equation (2),
C= = = C=3
B [To find C from Equation (1), put denominator of C equal to
Substitute these values (A = %, B= %, C= %) in | Zero]
Equation (1), 1D’+1 = A1-1)(0)+B(=1)(0)
=35 1 3 +C=D(1-1)
=1 3 6 2 1+1 = 0+0+C(-1)(-2)
x+2)(x 1) x+2  x-1 X+ 1 2= o)
2x-1 _=5_1 N 1 1 . 3 1 Pl
(X+2)(X2—1)_ 3 x+2 6 x-1 2 x+1 C = ;=1 = C=1

This is required solution.
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Basic Mathematics (MSBTE) (Partial Fraction) ...Pg. No. (4-5)

Substitute these values (A = - 1, B =1, C = 1) in +C=D=1-1
Equation (1) 1+1 = 0+0+C(-1)(-2)
Equation (1) becomes, 2= 25/
2
X ;—1 _ -1 N 1 N 1 c=%“-1 > Cc=1
X (x =1) X x—1"x+1 /2/
X +1 1 1 1 Substitute these values (A = -1, B=1,C = 1) in

= -=Vv
xx-1) x-1 Tx+17x Equation (1)
This is required solution. Equation (1) becomes,

<+l -1 1 1
ERPREY W12, 4 Marks) D= X PxTT e
2
Resolve into partial fractions : . ;_ 1 . X +1 1 1 1 v (Consider positive)
sl x(-1) x-17x7 x+1 term first

M soln. : First find out all possible factors of denominator This is required solution.

Since, X1 = )= =(x=1)(x+1)
ol ot Ex. 4.1.10 (EPRATETS) o
= . ) . an o +
X (x2 -1 xx-1Dx+1) Resolve into partial fraction : (t@an 0 + 2) (tan 0 + 3)
2
X +1 A B C
Consider, ———— = — + + .1 ar . tan O + 1
x(xz—l) X Tx—=17T x+1 M soin. : Given: (tan 0 + 2) (tan 0 + 3)
. X+ _ A=DO+ D+ Bxx+ D+ Cx(x=1) Put tan 0 = x, given term becomes
. 2 1y x(x-1)(x+1) > ’
x(x =D x+1
[ by simplification taking L.C.M. of R H.S. ] (x+2)(x+3)
Observe that, L.H.S. denominator and R.H.S. denominato: X+ 1 A B
are equal. Now, consider, x+2) (x+3) =X+2 7t X+3 ...(1)
L.H.S. numerator = R.H.S. numerator - X+ 1 A(x +3) + B(x +2)

X +1 = Ax-DEE+D+BX +1)
+Cx(x-1) (2

Put x = 0, in Equation (2)

xX+2)(x+3) ~ (x+2)(x+3)
[ by simplification taking L.C.M. of R.H.S. ]

Observe that, L.H.S. denominator and R.H.S.

[To find A from Equation (1), put denominator of A equal to denominator are equal.

Zero] L.H.S. numerator = R.H.S. numerator

0+1= AO=1)0+1)+B(0)(0+1)+CO) (O-1) x+1 = Ax+3)+B(x+2) -(2)
1= A-DM+0+0 Put x + 2 = 0 = x = -2, in Equation (2),
1= -A = A= -1 [To find A from Equation (1), put denominator of A equal to

Zero]
-2+1
-1

Putx-1=0= x=1, in Equation (2)

A(=2+3) +B(0)

To find B from Equation (1), put d inator of B 1t
[To fin rom Equation (1), put denominator of B equal to A — A=-1

Zero]

(1)2 +1 = A®©)(1+1)+B() I+ 1) +C(1) (0) Put x + 3 =0 = x =-3, in Equation (2),
1+1 = 04B(1)(2)+0 [To find B from Equation (1), put denominator of B equal to
Zero]
2 = 2B
P -3+1 = AO)+B(=3+2)
B= —=1 = B=1 -2 = 0+B(-1
y4 -2 = -B = B=2

Substitute these values (A =— 1, B = 2) in Equation (1)
Equation (1) becomes,

. x+1 -1 2
T x+2)(x+3) - x+2Tx+3

Putx +1=0—= x=-1, in Equation (2)

[To find C from Equation (1), put denominator of C equal to
Zero]

(- 1)2+1 = A-1-1)©0)+B(-1) ()
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(Partial Fraction) ...Pg. No. (4-6)

X+ 1 2 1 : - , 4 4 : op_d. 4
X+ (x+3)"x+3 x+2 (Taking positive terms first) 0= (9 + 3) _2B: 2B = 9+3
Since, Xx= tan©O B = 4+12

tan 6 + 1 2 1, ?
(tan©®+2) (tan®+3)  tanB+3  tan 6 +2 B = Ej B_1_6xl_§ - B-§
-9 “97279 -9
i . 1 8 4
I Exercise 4.2 Substitute these values |A =9 B =9 C =3) in
2 .
Ex. 4.2.1 : Resolve into partial fraction : X—2 Equation (1).
x+1)(x-2) , % % %
M soin. : First find out all possible factors of denominator = T3x+1 T x_2*t 2
. x+1)(x-2)y X+t X x=-2)
Consider, h 2 . . s 1 4 L
X A B C =0 T I te T3t 3 —v
x+x-27 x+1Tx=2" oy D Ee D27 7 . x-2
2 2 S This is required solution.
X =A(x—2) +Bx+ D E-2)+Cx+1) *:II%‘ _
x+1)(x=2) (x+ 1) (x=2) I;ll:.l“l S Exercise 4.3
[ by simplification taking L.C.M. of R.H.S. ]_'E Ex. 4.3.1 [CREARNETG
Observe that, L.H.S. denominator and R.H.S. denominator_g:} Resolve into partial fraction b‘—*i
are equal. 1 x=-D & +1)
L.H.S. numerator = R.H.S. numerator |:L|Z[ Soln. : Given : 2x -1
X =AX-2) +Bx+1) (x-2)+C(x + 1) @)y o x-1D( +1)

Putx + 1 =0 = x=-1, in Equation (2), Qj Here, x> + 1 can not be factorize further.

[To find A from Equation (1), put denominator of A equal to<]
Zero]

—1)’= A(=1-27+B(0) (= 1-2)+C(0) 'E
1= AC3+0+0 §
1= AQ©) -
1= 9A = A =% O

Put x - 2 = 0 = x = 2, in Equation (2), 'a

[To find C from Equation (1), put denominator of C equalE

to Zero] E

2 = AO)+B2+1)(0)+C2+1) H
4= 0+0+C03)
4
4 = 3C = C=3

Put x = 0, in Equation (2),
[To find B from Equation (1), put denominator of B equal to

Zero]
2

0 = AO-=2+BO+1)(0-2)+CO+1)
0= A2 +B(l)(=2)+C()
0= A@)+B(=2)+C

Since, A = é and C = %

0= §><4+B(—2)+%; O=%—2B+%

x-1 A (D)
x-DE+1) x-1
2x — 1 A+ D +Bx+0) (x-1)
x-DE+1) x-DE +1)
[ by simplification taking L.C.M. of R.H.S. ]

Observe that, L.H.S. denominator and R.H.S. denominator
are equal.

Bx+C
2
X +1

r .
= Consider,

I Srl 1l

[

3 L.H.S. numerator = R.H.S. numerator

Ty 2x-1 = AKX +1D)+Bx+C) (x=1)
_—rPutx—1=0:>x=1,inEquation(2),

«.(2)

E[To find A from Equation (1), put denominator of A equal
to Zero]

2(1)—1 = A[(1)’ + 1]+ [B(1) + C] (0)
2-1 = AU+ 1D +0
1 = AQ)
1 = 2A - A=1
2

Put x = 0, in Equation (2),

2000-1 = A[(0)’ + 1)+ [B(0)+C] (0-1)
0-1= AM+C-1
-1 = A-C
1 . 1
-1=37-C [ A=2}
C = %+1=% = C=%
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Put x = -1, in Equation (2),

0+1 0+C (1)
1= C =

CcC=1
Put x =1, in Equation (2),

2(H+1 = A(1)2+[B(1)+C](1+1)
2+1 = A+B+0)(2)
3= A+2B+2C
3= —-1+2B+2(1) [ A=-1,C=1]
3= -14+2B+2
3+1-2 = 2B
2 = 2B:>B=% = B=1

Substitute these values (A =-1,B=1,C=1) in
Equation (1)
Equation (1) becomes,
o2+l —1 X+ 1
N xz(x+l) T ox+1 T 'S
x+1 1

2x+1
. = _ v oo
) xz(x+l) X x+1 )

2x+1 A B
- 1+%

Note : If we use,
weu xz(x+1) X+

21 -1 = A[(—l)2+1]+[B(—1)+C](—1—1)
-2-1= A0+D+(=B+0O)(-2)
-3 = AQ)+2B-2C
1 3
-3 = <2><2)+2B—(2><2)
1 3
[ A=2’C=z}
-3 = 1+2B-3
WA-1+3F= 2B
-1
-1 = 2B = B = 3
Substi h 1 (A—l B= c—i)
ubstitute these values =5 B=7,C=5]1i
Equation (1)
Equation (1) becomes,
r -1 3
2x—1 2 2 X3
2 =51t =2
x-DE+1 X X +1
2x -1 1 1 -x+3
2.2 1t 2. v
x-DEx+1) X= x +1
This is required solution.
Ex. 4.3.2 RIGAT A Y ET CR
. e 2x + 1
Resolve into partial fractions : —3
X x+1)
|Z| Soln. : Given : 2‘2X—+1
X (x+1)
Consider,
2x + 1 __A +BX+C a
Cx+1) | ox+1 T
2x + 1 Ax +(Bx +C) x+ 1)

X (x + 1)
[ by simplification taking L.C.M. of R.H.S.

Observe that L.H.S. denominator and R. H. S. denominator
are equal

X (x+ 1)

-. L.H.S. numerator = R.H.S. numerator

22%x+1 = AX+Bx+0) (x+1) (2
Putx + 1 =0 = x =-1, in Equation (2),

[To find A from Equation (1), put denominator of A equal
to Zero]

21D +1 = A(—1)2+[B(—1)+C](0)
-2+1 = AD+0
-1 = A = A= -1

Put x =0, in Equation (2),
L2041 = AO)+[BO)+ClO+1)

Then from Equation (3) observe that
2x + 1 X +L 1 -1 N 1 N 1
X x+1) S ? - X X

X
Means we get, A =-1,B=1,C=1

Ex. 4.3.3 QU RN ET R

. . . 2x -3
Resolve into partial Fractions :

x+1) (X +4)
2x — 3

|Z[ Soln. : Given : m

Here x_ + 4 cannot factorize further,
2x -3 A Bx+C
Consider, = + ...(1
Ot P+ o x+1 TPy D
2x -3 A(x2+4)+(Bx+C)(x+1)
x+ 1) +4) x+ D) +4)

[ by simplification taking L.C.M. of R.H.S. ]

Observe that, L.H.S. denominator and R.H.S. denominator

are equal.
. L.H.S. numerator = R.H.S. numerator

2x -3 = A(x2+4)+(Bx+C)(x+1) «.(2)
Put x = -1, in Equation (2),
[To find A from Equation (1), put denominator of A equal to
Zero]

2D =3= A1) +4]+BED+Cl(=1+1)
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Basic Mathematics (MSBTE) (Partial Fraction) ...Pg. No. (4-8)

-2-3= A(0+4)+(=B+C)(0) . L.H.S. numerator = R.H.S. numerator
~5= A(G)+0 AX +36x+6 = A(X +2) +Bx+C) (x—1)
5= 5A A =—=_1 — A=-1 | Putx-1=0=x=1,in Equation (2)

[To find A from Equation (1), put denominator of A equal to
Put, x= 0, in Equation (2),

Zero]
200-3 = AO0+4H+[B@O)+CJ(O+1) ()P +36(D+6= A ((1)*+2)+ B(1) +C) (0)
0-3 = Ad+C() 1436+6 = A(1+2)+0

~3 = 4A+C (nA=-1)
3= 4(-)+C =>C=-3+4=1 = C=1

Put x = 0, in Equation (2)
(O)2+36(O)+6= AO+2)+BO)+C)O-1)
6 = 2A+C(-1)

Put, x=1, in Equation (2)
2(1)-3 = A[(1)2+4]+[B(1)+C] a1+1
2-3= A0l+4H+B+0C)(2)

1= A(5)+2B+2C 6 = 2(%)4 [-_-A=43—3]
-1 = 5A+2B+2C 86
“1= 51D+2B+2(1) [ A=-1,C=1] 6=73-C
-1 = —-5+2B+2 Cc= 83_6_6=86;_18
-1+5-2= 2B
83 68
o) C = 3 = C=?
2= 2= B=5=1 = B=1

Put x = -1, in Equation (2)

D +36(=D+6=A(=1)+2)+BE 1) +C)
-1-1

1-36+6 = A0l+2)+(-B+C)(-2)

~29= 3A+2B-2C

Substitute these values (A=-1,B=1,C=1)1i
Equation (1),
Equations (1) becomes,
2x =3 =1 + X+ 1
x+D)C+4)  x+1 7 44

43 68 43 68

Taking positive term first -29 = 3<?>+ZB—2(?) |: VA= C=?}

2x-3 _ox+1 1 136
x+1) (X +4)  x+47 x+1 -29 = 43+2B-"3

This is required solution. B = 2943+ 13&
BB (S-15. 4 Marks S —29(3) - 433) + 136

. . . X +36x+6 2B =
Resolve into partial fractions : ﬁ 3
L - 80 - 80 - 40
x +36x+6

1
2B = 4 =>B="—"% X3 =>B=—"7"
|Zl Soln. : Given, 3 3 2 3 i

2
x—1)(x +2 4 - 68
2 ( ) . ) Substitute these values (A =3 B= 3 C= ?) in
Here x” + 2 cannot factorize further
Consider, Equation (1).
X° 436X+ 6 A Bx +C .. Equation (1) becomes,

x-DE +2)  x—17 2 1o (D)

X 436x46 A(X+2)+Bx+0) (x-1)
x-1) (K +2) x-1) (X" +2)
[ by simplification taking L.C.M. of R.H.S. ]

Observe that, L.H.S. denominator and R.H.S. denominator
are equal.

x4+ 36x + 6 3 3 X3
2 = 1t 2
x-DE +2) X X +2
X +36x+6 1[ 43 40x-68
T N2 o 3 x=1" 2, v
x-1) " +2) X-= X +2
This is required solution.
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Ex. 4.3.5 (IRPRATETS)

. e 1
Resolve into partial fraction : Tl
X —

1
M soln. : Given : T
X —

First find out all possible factors of denominator
Note that, (x = 1) = (x—=1) (X" +x + 1)
[ a—b =(a—b)(a +ab+b)]
1 1
TS = 5 a
X —1 -1 +x+1)

2 .
X~ + X + 1, can not factories further.

nd

Consider,
1 A Bx + C
= + ...(1
x -1 x—1 X4x+1 ().
1 AC+x+D+Bx+0) (x=1)
-1 K- +x+1)

Observe that, L.H.S. denominator and R.H.S. denominator
are equal.

. L.H.S. numerator = R.H.S. numerator
l= AK+x+D+Bx+C)(x—-1)
Putx-1=0= x =1, in Equation (2)
[To find A from Equation (1), put denominator of A equal to
Zero]

e(2)

1= A[(+1+1]+[B (1) +C](0)
1= AQ+1+1)+0
1= AQ) = A =3 :>A=%

Put x = 0, in Equation (2)

1 = A[(O)2+(O)+1]+[B(0)+C]><(0—1)

1= A)+C(1)

1= %(1)—C ( A=%)
S

%: -C = C=_3—2

Put x = - 1, in Equation (2)

L= A[D)' =X+ X]+[BED+Cl(=1-1)
= A()+(-B+C)(-2)
1= (%)(1){_3_%)(_2) ( A:%,C:‘TZ)
1 = %+2B+%
.l—%—%:ZB
3_;_4=2B :%:2}3

1
:>B=3 ><2

Substitute these values

Equation (1),
Equations (1) becomes,

1 3 +<_3_1)X+(_3_2>

x -1 x—1

2
X+x+1

1 1 1 2

. _ §|: - - 3x+ :|‘/
x -1 X- X+x+1

This is required solution.

Ex. 4.3.6 (RFEATELS)

: . . X
Resolve into partial fractions —3
X +1

M soin.: Given: 3x
X +1

First find out all possible factors of denominator
Note that,
X+1 = x+D)(x —x+1) and
[ a+b’ = (a+b) (@ —ab+b)]

2 s .
X —x + 1 can’t factories further.

Consider,
X A Bx +C
= + coe 1
X+l X+l x4+ D) D
X AKX -x+1D)+Bx+0) x+1)
X +1 x+D X —x+1)
by simplification
taking L.C.M.
of RH.S
Observe that, L.H.S. denominator and R.H.S.
denominator are equal.
- L.H.S. numerator = R.H.S. numerator
Xx= AK—x+D+Bx+0O)x+1)  ...Q2)

Putx+1=0= x=-1, in Equation (2)
[To find A from Equation (1), put denominator of A
equal to Zero]
~1= A[(-1Y=(D+1]+[B(=1)+C]x(0)
-1 Al+1+1)+0

“1= ABQ) = -1 =3A :>A=_3—1

Put x = 0, in Equation (2)

0= A[(O)z—(0)+ 11+[BO)+C]Ix(0+1)
0= A+C()
0= A+C
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_1 a1
0= 3+C ( A_—3)

~C = % :C:%

Put x = 1, in Equation (2)
A[(1)2—(,1/)+/1/]+[B(1)+C](1+1)
A()+B+0) ()

A+2B+2C

= _3—1+2B+2(%) (‘.'A:—%,C=%)

—1 2
3 +2B+3

1

._
I

—_
|

—
+
W |
|
[SST] e}
I}
[\®}
os]

2
3

1l
N
o]
U
oo]

1l

SIS

X

N | —
1l
W |—

Y
=~}

Il

29 | =

This is required solution.

Ex. 4.3.7 ERaIAENS

Resolve into the partial fractions :
X+ 1
s
x+D(x+4)
2
x +1

.1 Gi H I B
lZlSoIn Given xt (2t )

Here x° + 4 cannot factorize further,

Consider,

X+1  _A  BxtC
x+D(x+4) x+1 17514

X+ 1 A H4) +Bx+0) (x+ 1)
x+D(x+4) (x+ 1)(x +4)

(by Simplification taking L.C.M. on R.H.S)

that L.H.S.
denominator are equal.

(D)

Observe denominator and R.H.S.

. L.H.S. numerator = R.H.S. numerator
X+l = AKX+ +Bx+C)(x+1) (2)
x+1

Put = 0 = x=-1in Equation (2),

[To find A from Equation (1), put denominator of A equal to

zero|
SEDHT = AD +4) + B (- 1) +C) (0)
1+1= AQ+4)+0
2
2 = 5A A =3
Put x= 0 in Equation (2),

0+1 = AO+4)+BO)+C)O0+1)
1 = 4A+C()
2 a2
| = 4(5)+c ( A:S)
8
.1 = 5+C
8 5-8 _3
1—5 = C, 5 = C = 5 =C
=3
. C = 3
Put x = 1, in Equation (2)
(1Y +1 = A(D)’+4)+ B +C)(1+1)
1+1 = A0+4)+B+C)(2)
2 = 5A+2B+2C
2 3
2 = 5<5>+2B+2<5)
6
2= 2+2B-%
6 6
2-2+35 = 2B; s = 2B
6 3 2 3
=, = B ~B =35 A=3,B=%
. 2.3 -3
Substitute these value (| A=ZB=Zand C=—7
5275 5
In Equation (1)
2 3 3
<+l 5 5%75
x+D(xX+4)  x+1 * %14
X +1 1[2 3x—3] y A
T, 2 N =F |lo.q 2 .
x+D(x+4) "5 [x+1 7% +4 ns

IZ" Exercise 4.4

Ex. 4.4.1 EAFEATETS
3
X + 1

Resolve into partial fractions =
X +6x

3
1
|Zl Soln. : Given, X2 *
X~ + 6x

Observe that, degree of numerator > degree of

. x+1 . . .
denominator —3 is a improper fraction.
X+ 6x

By actual division : Divided (x3 + 1) by X" + 6x and
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this improper fraction convert into proper fraction.

X—6

Divisor X’ + 6x X +1

«— Quotient

—
)? +6x°
- GXZ +1
¥ 6;(2 F 36 x
36x+1 «— Reminder
X+l = (Divisor X Quotient) + Reminder
X+1 = (X +bx)(x=6)+36x+ 1)
X+ 1 (x” + 6x) (x — 6) (36x + 1)
2 = 2
X"+ 6X X+ 6X
X +6x) (x—6) 36x+1
= 2 + 2
X+ 6x X+ 6x
3
X +1 36x + 1 .
2 = xX-6)+ ...(1
X"+ 6x X+ 6x
Consider,
36x+1  36x+1 A B ’
X2 + 6x x(x+6) ~ X Tx+6 Q)
36x+1  A(x+6)+Bx [ By simplification taking :|
4 6x X (X +6) L.C.M. of R.H.S

Observe that L.H.S. denominator and R.H.S. denominator

are equal.

-. L.H.S numerator = R.H.S. numerator
L 36x+1 = AXx+6)+ (Bx) ...(3)

Put x = 0, in Equation (3)

[To find A from Equation (2), put denominator of A equal to

Zero]
S 36(00+1 = A0 +6)+B(0)
0+1 = A6)+0
1
1 = 6A = A = 6
Put x+6=0= x=-6, in Equation (3)
36(-6)+1 = AO)+B(-6)
-216+1 = 0-6B
-215 = -6B
- 215 215
6 = B = B = 6

Substitute these valves (A = %, B= %) in Equation (2)

215

1
36x+1 6 6
="+

X +6x X Xx+6
36x+1 1 1 215 1
2+ ox =% [ tx+6 |:Common out (g ) from R.H.S.j|

Substitute this in Equation (1),

3
x +1 171 215
- = - |+ | v
X2+6X (x 6)+6|:X+X+6:|
This is required Solution.
Ex. 4.4.2 ((UREEAERS
X +x
Resolve into partial fraction : — 5
X —

3

. X +X

M soln. : Given: 3
X -9

Observe that, degree of Numerator > degree of

Denominator.
3
X +X. . .
3 9 is a improper fraction.

By a actual division : divide (x> + x) by (x° — 9) and this

improper fraction convert into proper fraction.
X <«— Quotient

Divisor —»xz -9 z(}+ X
_{—9)(
-+

10x «— Reminder

X"+ x = (Divisor X Quotient) + Reminder
X +x = (X =9)(x)+ 10x
X +Xx (x2—9)(x)+10x
xX-9 X -9
X+x (X -9 ((x)  10x
2 = 2 + 7
X -9 X -9 X -9
3
X +X 10x
S = X+~ .1
X =9 X =9 D
Now, since
X'—9 = (x=3)(x+3)[ a°—b’'=(a—b)(a+bh)]
Consider,
10x A B
X2_9= ~—3+t343 ..(2)
10x Ax+3)+Bx-3)
-9 x-3)(x+3)
[By simplification taking}
L.CM of RH.S
Observe that, L.H.S. denominator and R.H.S.

denominator are equal.
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L.H.S. numerator = R.H.S. numerator
10x = Ax+3)+Bx-3)
Put x — 3 =0 = x =3, in Equation (3),

...(3)

[To find A from Equation (2), put denominator of A equal to

Zero]
. 103) = AB+3)+B(0)
30 = A@6)+0
30 = 6A = A= %

Put x + 3 =0 = x =- 3, in Equation (3),
10(-3) = A0)+B(-3-3)

>
1
wn

-30 = 0+B(-6)
=30
-30 = -6B = B="¢ = B=5
Substitute these values (A =5, B =5) in Equation (2),
10x 5 5

x2_9 x-3Tx+3

Substitute this in Equation (1),

X +X 1 1
. -9 X+5|:x—3+x+3] v

This is required solution.

Target & Tech-Neo Publications

Chapter Ends...
ada
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Chapter 5 : TRIGONOMETRIC RATIOS
(Compound, Allied, Multiple and Submultiple Angle)

" Exercise 5.1

Ex. 5.1.1 : Find value of cos 15° or cos (IR_Z)

M Soln.:flnce45 —3? :15 s 159 = G-1 o
cos 15° = cosgé_lVSJ—éYOJ) ...(1) = 2\/5
A B

> Use formula for eqn. (1)
...[cos (A—B)=cos A-cosB +sin A - sin B]
cos (45°-30°) = cos (45°) - cos (30°) + sin (45°) - sin (30°)

Without using calculator find the value of cos (3660).

|Z[ Soln. :

cos (3660°) =cos [ (40 x90° | 40 x 90°— even x 90°
1 no change in cos and

= cos (60°) =73 (40 X 90°) + 60° it is in

1** quadrant

=
=

w(2) cos (3660°) =% v

> Use standard values for eqn. (2)

Ex. 5.1.4 (EFEATES)

...|:cos 45°=L,cos 30° = ﬂ,sin45°=L,Sin 30°=l:| >
\/E 2 \/_ 2 sec” 135°

Find value of

cos (—240°) — 2 sin (930°)
cos (159 = L N3 L 1 B
272 T2 2Ta2 T \/_ M soin. :
( g g _a+ b) sec (135°) = sec (90° +45°) = — cosec (45°) ..(1)
cte” > Use standard value for eqn. (1) :
o 3[3 +1 v
cos (15°) =~ Np ...Ans. ... [cosec (45°) =~[2 ]
sec (135°) = —42 .(2)
EERRY 5-2017. 4 Warks, 0.1(c), W-22.2 Marks) . s (135 = (o3 )m 2
Find value of cos 75° or cos (?—72[) cos (—240°) = cos (240°)

cos (270° —30°) = —sin (30° ...(3
M solin. : Since 35° + 45° = 75° ( ) (30°) A3)

cos 75° = cos @2;4&3?) =75° (1 » Use standard value for eqn. (3) : ...[sin (30°) = %]
A B |
» Use formula for eqn. (1) cos (-240°) = -3 N C))
...[cos (A +B)=cos A - cos B —sin A - sin B] sin (930°) = sin (10 x 90° + 30°) =sin (30°)  ...(5)

cos (30°+ 45°) = cos (30°) - cos (45°) — sin (30°) - sin (45°) » Use standard value for eqn. (5) :... [sin (30°) = %]

B L 1 L o _ 1
) \/5 > \/E sec (930°) = 3 ...(6)
(2) From Equation (2), (4) and (6),
2 [e]
> Use standard values for eqn. (2) See (135,) = 2
G cos (- 240) — 2 sin (930°) 1 ) (l)
o_ N3 S ! P I 2742
...|:cos30 =5 cos 45 —\lz,sm30 —2,51n45 _\/§:|
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sec” (135°) _
cos (- 240) — 2 sin (930°)

4y
3 ...Ans.

Ex. 5.1.5 : Prove that: sin” © - sec’  + sin’ O - cosec’
0 =sec’ 0

M soln. :L.H.S.= sin> 0 - sec’ O + sin’ 0 - cosec” (1)

1 1
» Use for eqn. (1) :.,.[sec 0= s gand cosec0 =" 9}

1
=sin26~ 2 +sin26- )
cos O sin” 0
sin’0 S0

2 2
= + =tan " 0+ 1=1+tan" O (2
cos’ 0 sip}G @)

> Use standard formula for eqn. (2) :

.. [1 +tan’ 0 = sec’ 0]

cos (m+0) = cosm-cosO—sinT-sin O ..(2)
Hl_l HO_I

> Use standard values for eqn. (2)

... [cosm=~-1and sin 7t = 0]

[(=1) % cos 8] — [0 X sin O]
cos(m+0) = —cosB-0

s.cos(m+0)= —cosO v ...Hence proved.

LHS = sec’ 0
LHS. = RHS. V ...Hence prove
Ex.5.1.6 : Prove that: cos (%— 9) =sin 6
|Z[ Soln. :
T
LH.S = cos (5—6) ...(1)
Lo
A B

> Use formula for eqn. (1)
...[cos (A—=B)=cos A-cosB+sinA-sinB

cos (g-@) = cos (g) - cos O + sin (%) -sin@  ...(2)
— —

0 1
> Use standard values for eqn. (2)

...[cos (g) =0 and sin (%) = 1}

=[0xcosO]+[1xsinB]=0+sin O =sin O

cos (%—9) = sine\/

...Hence proved.

Ex. 5.1.8 : Prove that : tan (1 + 6) = tan 6

|Zl Soln. :

Since, tan 0 = sin 0
cos 0
] _ sin(n+0)
. tan (M+0) = —cos (m+0) ...(1)

> Use transformation formulae for eqn. (1)
... [sin (T + 6) = —sin 6, cos (1T + ) = — cos 0]

—sin O
~ —cos©

s tan(m+0)= tand v

=tan 0

...Hence proved.

Ex. 5.1.9 : Prove that : sec (m+0) =—sec 6

|Zl Soln. :

Since, sec 6 = 1
cos 0
1
. sec(m+0) = cos (m+0) ..(1)

> Use transformation formula for eqn. (1)

...[cos(m+0)=—cos O]

1
T —cosH =—sect

. sec(m+0)=-secO v ...Hence proved.

SOERNA(W-2012, 2 Marks)

Prove that : cos (m + 0) = —cos 0

|Zl Soln. :

L.H.S. = cos (\7_1:,.:+\_,9) ...(1)
A B

> Use formulae for eqn. (1)
... [cos (A +B)=cos A -cos B-sin A - sin B]

Ex. 5.1.10 (B[RS

Without using calculator find the value of sin (— 765°)

M soin.

We know trigonometric function for (n x 90°) is :

(i)  Ifniseven function no change in function

(i) If nis odd then function changes to co-function.
Since sin (-0) = —sin 6
*. sin (- 760°) = —sin (765°)

—sin [(9 X 90°) —45°]  ...(1)
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> Use for eqn. (1)
[ 9 x 90° — odd x 90°, sin changes to cos and (9 x 90°) — 45°, }
itis in 1stquadrant. ... Itis positive.
. sin (- 760°) = —cos (45°) «.(2)

. cos (300°) = % «.(7)

(iv) sec’(360°) = sec” [(4 X 90°) + 0°]
4 % 90°— even x 90°
no changes in sec and

» Use standard value for eqn. (2) ... [cos 45°) = Lil (4x90°) +0itisin
\2 V" quadrant
1 sec positive
= \2 = sec’(0°) ...(8)
. sin (< 760°) = % v AR, » Using standard value for Eqn. (8) : ... [sec 0=1]
2 Using all these values, Equations (3), (5), (7) and (9),
EERREL S 154 Marks) sec” (360°) = (1) = 1 (9)

Without using calculator find the value of sin (150°) — tan (315°) + sin (150°) — tan (315°) + cos (300°) + sec’ (360°)

cos (300°) + sec” (360°)

IZI Soln. :

We know trigonometric function for (n x 90°) is,

1 1 1 1
= 5—(—1)+§+1= §+1+§+1=3

sin (150°) — tan (315°) + cos (300°) + sec” (360°) =3 v

(@) Ifniseven no change in function ...Ans.

(b)  nis odd function changes to co-function.

Ex. 5.1.12 NERIETS,

Without using calculator, find the value of :
tan (585°) . cot (= 495°) — cot (405°) - tan (— 495°)

To decide sign find the quadrant.
sin (150°) = sin (90° + 60°) .1

> Use transformation formula for eqn. (1)

...[sin @ ¥ e) = cos e}

= cos 60° «.(2)

M soin. : We know trigonometric function for (n x 90°) is,
(i)  If nis even, then no change in function Or

(ii) Ifnis odd, then function changes to co-function
To decide sign, find the quadrant.

(I  tan(585°) = tan [(6 x 90°) + 45°] (D)

6 % 90° — even X 90°, no change in tan and ((6 X 90°) + 45°)
[ it is in third quadrant, ... tan positive

» Use standard value in eqn. (2) : ,..|:c0s 60° =%

- tan (585°) = tan (45°)
» Use formula in eqn. (1) : ... (tan45°=1)

.. sin (150°) =% ...(3)
(ii) tan (315°) = tan [(3 X 90°) + 45°]

3 X 90°— odd x 90° s tan (585°) = 1 «.(2)
tan changes to cot and I) Since cot(—0) = —cot@
(3 x 90th) +45°itis in - cot (=495°) = —cot (—495°)
IV™ quadrant _ 5 % 90%) 4 45°
tan negative = —cot[(5x90°) +45°]
— _ cot 45° @) (5 x90°) — odd x 90°, cot changes to tan and
5x90° + 45
» Use standard value for Eqn. (4) : ... [cot 45° =1] is in 1™ quadrant so cot is negative
o tan (315°) =-1 ...(5) .~ cot (—495°) = [-tan (45°)] = tan (45°)
(iii) cos (300°) = cos [(3 x 90°) + 30°] cot (- 495°) =1 ("tand5°=1) ...3)
3 X 90°— odd x 90° o o o
. (I1I) cot (— 405°) =cot [(4 X 90°) + 45°]
cos changes to sin and )
(3% 90°) + 30° it is in [ 4 x90° — even x 90°, no changes in cot and }
V" quadrant (4 x90°) +45°  isinI" quadrant so cot is positive
cos positive = cot (45°)
=sin 30° ...(6) cot (-405°) = 1 [ standard value cot 45° = 1] (@)
1 : -
> Use standard value for Eqn. (6) : ...[sin 30° = 5] (IV) Since tan (- 6) = —tan 6

tan(— 495°) = —tan(495°)
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= —tan [(5 X 90°) + 45°] M soin.:
(5 X 90°) — odd x 90°, tan changes to cot and } 3 o o
[ 5x90° +45,itis in ™ quadrant ..tan negative L.H.S = cos A - cos (60° — A) - cos (60° + A) (1)

= —[-tan45°] » Use formulae for eqn. (1)
= tan 45° ( standard value) cos (A-B)=cosA-cosB+sinA-sinB
tan 45° =1 . .
tan (—495°) = 1 ) ...and cos(A+B)=cosA-cosB-sinA-sinB

Using values from Equation (2), (3) (4) and (5),
tan (585°) cot (— 495°) — cot (— 405°) tan (— 495°)

= cos A [gos 60° cos A + sin 60Q° - sin A]
1 NE

= (D @)= 2 2

= 1-1=0Y ---Ans. - [cos 60° - cos A — sin 60° - sin A] w.(2)
Ex. 5.1.13 : Show that cos 510° - cos 330° + sin 390° - cos 1 lE
120°=-1 2 )

|Zl Soln. :

» Use standard values for eqn. (2)

cos (510°) = cos [(6 X 90°) —30°] [Note this step] 1 l@
lE ...|:cos 60° = 3 and sin 60° = 2 i|
= cos (30°) = - )
1 1
6 x 90° — even X 90° no change =cosA[§-cosA+3ZE- sinA][E-cosA—325~ sinAJ
in cos and (6 X 90° — 300) — —— — ——
is in 1™ quadrant a b a b
cos (330°) = cos [(4 X 90°) —30°] 3)
{4 % 90° — even X 90° no change} .
in cos and it is in TV" quadrant » Use for eqn. (3) : - [(@+b)-(a-b)=a"-b7]
1 : 3 :
= cos30"=32E =cosA[(§cosA> —(AzﬂsinA)J
in (390)° = sin [(4 X 90°) + 30°
sin (390) sin [( ) ] = cos A |: 1 cos” A — 3 sin” A]
4 x 90° — even X 90° no change 4 4
in sin and [(4 X 90°) + 30°] 1 5 3 ,
is in I quadrant = jcos A~ 7cos A sin” A ...®d
) 1
= sin30°= ) To prove convert R.H.S. into cos 6
cos (120°) = cos (90° + 30°) [Itis in ™ quadrant] Use formulae for eqn. (4)

...[sin26+cos26= 1 =sin’0=1 —cosze]

N |—

= —sin30°= -

1
~cos” A — §(:os Al —cos” A)

Using these values, 4 4=

cos 510° - cos 330° + sin 390° - cos 120°

1 5 3 3 3
(L)L) D) E) =)+ | e Araearaoa

-3-1 -4 (lcos3A+§cos3A)—écosA=cos3A—§cosA
= T =7 =1 4 4 4 4
1
cos 510° cos 330° + sin 390° - cos 120°=—1 V' e 4cos’ A— % cos A (Note the adjustment)
...Hence proved 1
= 7 (4cos’ A—3cos A) N0

Ex. 5.1.14 Bl RERE

Prove that, : > Use formula for eqn. (5):... [4c0536 — 3 cos 0 = cos 30]
cos A - cos (60° — A) cos (60° + A) = 7 cos 3A

LHS. = %cos 3A
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L.HS.= RH.S. > Use transformation formula for eqn. (2)
. . 1 v ... [tan (90° + B) = — cot O]
. ¢os A - cos (60° - A) cos (60 +A)=4cos3A = _ cot (45°) (3
...Hence Proved | > Use for eqn. (3) standard value : [cot 45° = 1]
Ex. 5.1.15 : Show that : cos (A + B) - cos (A - B) = cos” | =—1
A—sin’B o o
tan 66 +°tan 69 — v ADs.
7 Soln. 1 - tan 66° tan 69
L.H.S=cos (A +B) - cos (A —-B) ) | Ex. 5.1.17 ETS

» Use formulae for eqn. (1) If tan (x +y) =% and tan (x —y) =% find

(1) tan 2x (ii) tan 2y

|: cos (A + B) =cos A: cos B—sin A-sin B :|
B
M soin.: Given:

and cos (A —B) =cos A- cos B + sin A- sin
= [cos A- cos B —sin A- sin B] [gos A- cos l§ +sin A sin B]

M % 3 4 1

tan(x +y) = %andtan (x—y):g ...(1)

...(2)
> Use for eqn. (2) : ...[(a=Db) (a+b)=a2—b2]l
(cos A - cos B)2 —(sin A - sin B)2

> (i) Use formula in eqn. (1)

tan A +tan B
__.[tan(A+B)=1_tanA'tanBJ

tan (X +y) +tan (X —y)
l—tan (x +y) tan (x —y)

= cos® A - cos” B —sin® A- sin” B ...(3)

Ltan [((x+y)+ x-y)] =
——

To prove obtain R.H.S. cos A and sin B only N B

> Use for eqn. (3) > Use values from eqn. (1)

[sin"@+cos B =1=>cos 0 =1-sin’, sin’ 0 = 1 — cos 'O 1 1 342
L
2 . 2 2 .2 3 6
= cos” A [l —sin” B] - [1 -cos_A] sin" B @n [x+y+x—yl="—77 :1—1
= cos’A — cos- B — sin” B + cos"A—simB 23 6
= cos’A —sin’B 5 5
v 6 6
L.H.S = R.H.S. ...Hence prove tan (2x) = ¢”7 =56 =1
Ex. 5.1.16 EF P4 E LG 6
... ._tan 66° + tan 69° tax2x = 1 vV ...Ans.
Bvaluate = 1n 66° tan 69° ),
(ii) Use formula in eqn. (1)
M soln.: Taking, tan (66° + 69°) (1) 4
e

tanA — tanB }

I ey

A B

tan(x + y) — tan(x — y)

> Use formula for eqn. (1)
1 +tan (X + y)tan (x — y)

tan [(x +y) - (x = y)]
W[WNA+BﬁTE£ﬁi@QLJ —

—tan A - tan B A
11
Using this formula with A = 66° and B = 69° [ | 374
A [X+y-X+ =
tan 66° + tan 69° i 4 Y 1 11
tan (66° + 69°) = 5 S 3
1 — tan 66° tan 69
o tan 66° + tan 69° 4-3 L L
tan (135 = 110 66° tan 69° 12 2 _1»
tan (2y) = I " 1+1-13
tan 66° + tan 69° 1+75 EvY
: - ° 12 12
L T an66° + tan 69° - @0 (135%) 1 »
tan 2y) = 3 v ...Ans.

Note (90° + 45°) ]

=tan (90° +45°) [ is in II"! quadrant
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.Pg. No. (5-6)

(Trigonometric Ratios) ..

Ex. 5.1.18 KRR S

S
Without using calculator find the value of tan 75° OR tan ( 12)

M soln. : tan (75°) = tan (45° +30°) (1)
A B

> Use formula for eqn. (1)

...[tan (A +B) =M}

l—tan A - tan B
Using this formula with A =45° and B =30°

tan 45° + tan 30° )
1 — tan 45° - tan 30° -+(2)

tan (45° + 30°) =
> Use standard values for eqn. (2)

___[tan45°:1, tan 30° = \/%

1
1+\/—§
1
lx\/—?)
3[3+1
A3
T3
3

v ...Ans.

tan (75°)

1l
—_
I
TN

[by simplification]

a\~a|~

w
+
[S=

- tan (75°) = \/:—;

p—

> Use formula for eqn. (3)
.. [cos (A + B) =cos A cos B —sin A sin B]

cos (A + B) =cos A cos B—-sin AsinB

4 12
:% 15—3 -3 3 [values from Equation (1)]
5

W
&

1
6

=cos(A+B)= —% v ...Ans.

sin (A + B)

(i) tan (A+B)="_ " A B)

%)

=7 a3\ (Results from (i) and (ii))
&)

...Ans.

N

3 12
Ex.5.1.19: If sin A =3, cos A =§,SinB =§,andco

B = % find the exact values of sin (A + B), cos (A + B)
and tan (A + B)

IZI Soln. :

Given : sin A =i ; cos A =§
5 5 (1
12 5
sinB = 13 cosB = 13
@) Calculate : sin (A +B) ...(2)

> Use formula for eqn. (2)

..[sin (A + B)=sin A cos B + cos A sin B]

sin (A +B)=sin A cosB +cos AsinB

4 12
5 15—3 + % . E[Values form Equation (1)]
2

20 36 20+36

=65 765 = 65

~ sin (A+B) =2 Vv ...Ans.
65

(ii) Calculate: cos (A +B) ...(3)

.S-2008, S-2009, S-2012, 4 Marks, Q. 3(a), S-19, 2 Marks.

tan 70° — tan 50° — tan 20° = tan70° tan 50° tan 20°

M soin.:
» Step I: Taking, tan 70° = tan (%0_? +\_§9°) (1)

» Use formula for eqn. (1)

tan A + tan B
...[tan(A+B)= 1 —tanA-tanB}
5 o _ _tan50°+ tan 20°
tan (50°+20% = T 50° - tan 20°
o tan 50° + tan 20°
tan (70°) = T (an 50° - tan 20°
tan 70° - [1 —tan 50° - tan 20°]=tan 50° + tan 20°
i.e. tan 50° + tan 20° = tan 70° [1 — tan 50° - tan 20°] ...(2)
> StepII:

Now, To prove consider,

L.H.S. = tan 70° — tan 50° — tan 20°
tan 70° — tan 50° — tan 20° = tan 70° —
tan 70° —

tan 70° [1 —tan 50° - tan 20°]

_____________________ [ iJ;om Equation (2)]

tai 70° tan 70° + tan 70° - tan 50° - tan 20° = R.H.S.
LHS. = RH.S.

. tan 70° — tan 50° - tan 20° = tan 70° tan 50° tan 20° v
...Hence proved.
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Ex.5.1.21 VAR ET CH

Opposite side 1

. sinB = = «.(4)
If tan A = %, tan B = i, where 0 < A < % ,T<B< 3711 Hypotenuse N 17
Find < A 5 Adjacent side 4
ind sin (A + B). cosB = Hypotenuse = _\/1—7 «.(5)

|Zl Soln. : We know,
sin(A+B) = sinA-cosB+cosA-sinB (1)
. First find sin A, cos B, cos A, sin B

P Step Il : Substitute values from (2), (3), (4) and (5) in
Equation (1)
3 1

~sin(A+B) = \/—0\/1— \/_O\lﬁ
4+3
ﬁﬁﬁrﬂr
\/_0\/_7 \/W 170

..sin(A+B) = %0 v ...Ans.

N

1
Giventan A = 3 tan B =

1
> StepI: SincetanA=5;0<A<%

1 Opposite side
tan A = 3 = Adjacent side

By right angle triangle find
third side of triangle as shown in

Fig. P. 5.12.36

Ex. 5.1.22 [CHERIIETD)

Prove that for any angle 6

By pythagoras triplet 1, 3,/10 Fig. P. 5.12.36 - 2 tan O
OR sin20=2sin@-cosO=—" 5
1 +tan” O
Suppose third side (hypotenuse) is X in right angl M soin. : sin 26 = sin (0 + 0) (D)
triangle e
A B
1Y+3)° = X
149 = = 10 - x =\/1—0 » Use formula for eqn. (1)

.. [sin (A + B) =sin A- cos B + cos A- sin B]
sin 0 - cos O +cos O -sin O

. T . . . " .
Since 0 < A < 2 it is in first quadrant so both sin A,
sin 6 - cos O +sin O - cos O

. sin20 =2sinB-cos0 Y l(2)

cos A are positive
Opposite side 1

. sinA = = (2
Hypotenuse =10 Now, sin20 = 2sin 0 - cos 0
cos A = Adeacent side 3 -3) Multiply and divide R.H.S. by cos 6.
ypotenuse 410 cos 0
1 in sin20 = 2sin@-cosOx——~ I
» StepII: SlncetanB—4,71:<B<2 )
2sin0O-cos” O
1 Opposite side = cos 0 --3)
tanB= T=73 -
4~ Adjacent side =17 1
By write angle triangle 1 > Use for eqn. (3) : |: cos 0 = sec 9:|
find third side of triangle as )
shown in Fig. P. 5.12.36(a) _,5in® 1 @
By pythagoras triplet 1, 4, \/1_7 = ) c0s 0 sec” 6
Fig. P. 5.12.36(a) > Use for eqn. (4) : |: sin 6 =tan O j|
OR suppose third side (hypotenuse) is y in right angle cos 6
triangle 2 tan
= «..(5
W+ = ¥ e 0 ©
1416 = y° Ly = 17
i{/1_7 y > For formula eqn. (5) : e [ sec’@=1+tan’0 1
o 3n sin20 = —=An9_ (6)
since © < B < 5, it is in third quadrant, so both T 1+tan’0

sin B, cos B are negative. from Equations (2) and (6)
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2 1 1—
sin29=25in6-cose=Ln?\/ Ans. 1 ( cos 86)
1+tan" 0 _ cos80 cos 86 N
-1 =/ 1—cos40 (by simplification)
Ex. 5.1.23 [(E RS T e

If A =30° verify that sin 3A =3 sin A -4 sin” A.

|Zl Soln. :
Given :A =30°
sin 3A = sin (3 x 30°) = sin 90° ...(1)
> Use standard value for eqn. (1) : ... (5in 90° =1)
=1 sosin3A =1 «(2)
Now, RH.S. = 3sin A—4sin’ A
=3 sin 30° — 4 sin’ 30°
= 3 sin 30° — 4 (sin 30°)° &)

1 —cos 860 cos40  1-cos80 cos46
cos 80 < 1—cos40~ 1—cos40” cos 80

1 —cos (2x46) cos40
1 —cos (2 x 20) X cos 80 -+(2)

c0s20=1-2sin’0
> Use formula for eqn. (2) : ... = 2sin”0=1-cos 20
= 1-cos20=2sin"0

2sin” (40)  cos 40
2 X
2sin” (20)  cos 80
2 sin 40 - sin 40 - cos 40
2 sin 20 - sin 20 - cos 80

sin 40 - [2 sin 40 - cos 40]

= 5 sin 20 - sin 26 - cos 80 (Rearrangement of numerator)

_sin (2 X 26) [2 sin 49 - cos 40]
- 2 sin 20 - sin 20 - cos 80

> Use standard value for eqn. (3) : ...(sin 30°=%
1 13
3<2>‘4<2>

Ia(h)-3te
2 8) "2 272

3sinA—4sin’ A=1 .4
Since R.H.S. of Equations (2) and (4) are same.
- L.H.S. also.

s sin3A = 3sin A —4sin’ A‘/ ...Hence verified?

(Note this step) ...(3)

» Use formula for eqn. (3)

..[sin20=25sin0B-cos B =2sin0O - cos 6 =sin 20 ]

2_s#rt20) - cos (20) [sin (2 X 40)]
2 si#20 - sin 20 - cos 80
cos 20 - sin 80

Ex. 5.1.24 (THIETD) = = .4
If sin A = 0.4, find cos 2A using multiple angle formula. Sin 26 - cos 80
cos 0 sin O
IZI Soln. : => Use for eqn. (4) : [ Sn 0= cot O and c0s 0= tan BJ
Given sin A =0.4 ...(1)
Let’s calculate, cos 2A @ - cot 28 - tan 86 1"'(5)
> Use formula for eqn. (2) : ...[cos20=1-2 sin” 0 1 > Use for eqn. (5) : "'(COt 0= tan e)
s cos2A = 1-2sin” A Lps - an8d
ST T tan 20

Using value from Equation (1), v

L.H.S. = R.H.S. ...H d.

cos2A = 1-2(04) (Given : sin A = 0.4) enceprove
= 1-2(0.16)=1-0.32=0.68 Ex.5.1.26 {18 1, 4 Marks
cos2A = 0.68 Y ...Ans, | Provethat :% =cot A
Ex. 5.1.25 RIS M soln. :
) _ sec89-1 tang0 1 + sec 2A
Prove that -~ 46— 1~ tan 20 LHS. = tan 2A (D)
B 1
M soin %0 » Use formula for eqn. (1) : ...|:sec 0= cos 6 i|
sec 80 —1
LHS. = e 461 ...(1) 1 !
1 + cos 2A

> Use for eqn. (1) : (secﬁ: cose) = tan?2A -(2)

(MSBTE-Sem- | (Common to All))



Basic Mathematics (MSBTE) (Trigonometric Ratios) ...Pg. No. (5-9)

» Use formula for eqn. (2) : ...I:tan 0= %See] 2 tan (g)
Ex. 5.1.28 : Prove that:tan 6 = .70\
cos2A+1 l—tanz(—)
cos 2A 2
- sin2A M soin.: We know, multiple angle 26 formula as,
cos 2A 2tan O
2A+1 1 2A tan20 = T— 7+
= cozin 2; = -;i?; . (Rearrange terms) ...(3) l-tan" 6
0).
> Use formula for eqn. (3) : ...[cos20= 2cos°0-1] Replace 0 by (5) in above formula,
_1+Qcos’A-1) o
- Sin 2A e 2 tan (5)
2 - e —
N +2cos A- )Y ) tan(sz) = NG
= sin 2A ...(4) 1 —tan 5

> Use formula for eqn. (4) : ...[sin20=2sin0 cos O] 2 tan (Q)
2
2 o8’ A tan 0 = NG v ...Ans.
T 2Z'sin A-cosA 1-tan (E)
cos A
= sinA = COtA Ex. 5.1.29 [EAECD)
- - sin® (Q)
LHS. = RHS. vV ...Hence proved rove that - = s 9 ~ A1 2
Ex. 5.1.27 (AP EPAIIS) M soin.:
Prove that cos A = cos’ ( % ) —sin” ( % ) LHS. = % ..

|Zl Soln. :

We know, multiple angle 2A formula as,
cos2A = cos’A —sin” A=2cos’A - |
| —tan’A
1 +tan’A

> Use formulae for eqn. (1)

For Numerator, sin 6 = 2 sin ( g) cos (%) and
For Denominator,

cosG=2cos2(%)—l:>1+cos9=200s2(%)
(8 0
/Z/SIH(Z)cos(Z)
= 7o
2 cos (2)

mERY)

= 1-2sin’A=

A
Replace A by (5) in above formula,

ex3)=eo(3)-sn(2)-2e0(3) -1
Cos XZ = COS D) — Sin 2 )= Ccos 2 )~

2

LH.S. = RHS.
l—tanz(%> sin O - ¢ (g)\/ - q
cos A = 1-25in2(%>=—A\/ ..ADs. l+cosg - (2 ...Hence proved.
2 —_—
1+ tan (2)
Chapter Ends...
aaa
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Chapter 6 : FACT

ORIZATION AND

DE-FACTORIZATION FORMULAE

IZ° Exercise 6.1

Ex. 6.1.1 RERPAVERCR
Express as product and evaluate sin 99° — sin 81°
M soin.:
Let’s calculate, sin 99° — sin 81° ..(1)
< —
C D

> Use factorization formula for eqn. (1)
...[sinC—sinDchos(C;D) sin(CED
sin 99° —sin 81° =2 cos (M) - sin (M) .
180°

2
=2 cos ( D ) ~sin(18 )
(2

2
. 8in 99° —sin 81° = 2 cos (90°) - sin (9°)
...Jcos 90° =0]

)

> Use standard value for eqn. (2) :
.. sin 99° —sin 81° 2 (0) - sin (9°)
sin 99° — sin 81° 0v

ISECRWA(W-2016, Q. 4(c), W-22, 4 Marks

Prove that sin 10° - sin 30° - sin 50° - sin 70° =

|Zl Soln. :

LHS = sin 10°- sin 30°- sin 50° - sin 70°

1

> Use standard value for eqn. (1) :

2) sin 50° - sin 70°

sin 10° (

(sin 10° - sin 50°) - sin 70°

= N=

1
) (2 sin 50° - sin 10°) - sin 70°
e -

A B

...(Note the adjustment) «..(2)
> Use formula for eqn. (2)

...[2sin A - sin B =cos (A - B) —cos (A + B)]

1
1 [cos (50° — 10°) — cos (50° + 10°)] - sin 70°

1
1 [cos 40° — cos 60°] sin 70° ...(3)

]

o_1
cos 60 =5

|

» Use standard value for eqn. (3) :

1
2 |:cos 40° — 5:| sin 70°

sin 70° |:cos 40° - %}

1 1
sin 70° cos 40° — 1%5 sin 70°

sin 70° cos 40° —% sin 70°

A= A= A= A=

«.(4)

N | —

1
[2 sin 70° - cos 40°] -3 sin 70°
e e

A B

(in 1** term adjustment by 2)
> Use formula for eqn. (4)
...[2 sin A cos B =sin (A + B) + sin (A — B)]

1 1
=3 [ sin (70° + 40°) + sin (70° — 40°) | - g sin 70°
L. . 1.
=3 [ sin (110°) + sin (30°) | - 3 sin 70° .5
-
1
2
> Use adjustment and standard value for eqn. (5)
1

110° = 180° — 70° and sin 30° = >

i ]

D
)

- 1 1
= §|: sin (180° —70°) +§}—§sin 70°
. o o 1 1 . o
=§|:sm(2><90 —7O)+§}—§s1n70 ...(6)

> Use transformation formula for eqn. (6)

...[ sin (2 x90° - 0) = sin 0]
1 1
3 [sin 70°+§}
1 1 1
3 siyffO +16-3% sip/76°

L
16

1
-3 sin 70°

L.H.S. =R.H.S.

1
*. sin 10° sin 30° sin 50° sin 70° = 16 v ..Hence proved.
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Ex. 6.1.3

tan 32° + tan 88°

Evaluate without using calculator

X

2

. X .
S X - COS (E)+COSX-S1H( )

1 —tan 32° - tan 88° - (X)
cos | &
|Zl Soln. : 2
. tan 32° + tan 88° sin X %{61() COS X - sin (5)
Consider, 1 —tan 32° - tan 88° (1) LHS. = - 2 N X 2
> Use formula for eqn. (1) Cﬁ% cos (5)
tan A + tan B (X
...[Mﬂan(AHs)J sin (5
I —tan A - tan B = sin X + COS X -

tan 32° + tan 88°
1 —tan 32° - tan 88°

tan (32° + 88°) = tan 120°

X
=sinx+cosx~tan<5>

e

L.H.S. = RHS. v Hence proved.
= tan (90° + 30°) ...(2)
» Use formula for eqn. (2) : ... |: tan (§+ 9) =-cot0 ] Ex.6.1.5 % _
Prove that: —— — 5, =2sinA
= _ cot 30° (3 sin” A —cos” A
sin A —sin 3A

> Use standard value for eqn. 3): ...

SNE
tan 32° + tan 88° _
1-tan 32°- tan 88° ~

3

[ cot30° = \/3 ]

|Zl Soln.: L.H.S. =

. 2 2
sin” A —cos A

_ _—sin A +sin 3A [ Multiply numerator and }
"~ _sin" A+cos’ A denominator by (- 1)
sin 3A —sin A

SMRPY S-13, S-15, 4 Marks.

sin 8x — sin 5x
cos 7X + cos 6x

|Zl Soln. :

. X
Prove that : =sin X + cos X - tan 2

(1)

2 .2
cos" A —sin” A

> Use formula for eqn. (1)

For Numerator,

sin 8x —sin 5x sinC—-sinD =2 cos (@> - sin (Q>
LHS.= ...(1) 2 2
cos 7x + cos 6x . 2 )
> For Denominator, cos™ 0 —sin” 0 = cos 20
Use formulae for eqn. (1)
— - 3JA+A . 3A-A
For Numerator, 2 cos ( 2 ) .sm( 2 )
sin C —sin D =2cos(C;D)-sin(C;D>and B cos 2A
4A . 2A
For Denominator, - . ) 2 cos (7 ) . sin (T) B Csin A
cosC +cosD =2cos( ; ) cos (f) cos 2A cos2A
— o + 5 - Z b= 2sinA =RHS.
A cos(%) . sin ( = X) LHS. = RHS.
LHS. = sin A —sin 3A
7X + 6X 7x — 6X ie. SO 2sin A Y
2 cos ( 2 ) - cos ( 2 sin” A — cos” A
13x . ( 3x ) ' ( 3x ) Hence proved.
cos | ==T - sin | &~ sin | &~

sin ( X+ %)
0]

2
> Use formula for eqn. (2)

...[For Numerator, sin (A + B) = sin A - cos B + cos A - sin B]

. 3x X
[Note this S = X435 ] ...(2)

SRR \-15, 4 Marks.

Prove that sin (A + m/6) — sin (A — 1/6) = cos A.

M soln.:
)— sin (A—%)

LHS. = sin (A +Z
C+D

6
> Use formula for eqn. (1)

...[sinC—sinD:Zcos(

3]
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sin(A+ z) _Sin(A_ z) 2c0s 707 sin 507 = sin A—sin B (D)
6 6 C D

> Use formula for eqn. (1)
...[2 cos C sin D = sin (C + D) —sin (C — D)]
.~ 2 cos 70° sin 50° = sin (70° + 50°) — sin (70° — 50°)
2 cos 70° - sin 50° = sin (120°) — sin (20°) ...(2)
From Equation (1) and Equation (2)

oA
~—

- sin
2

(
=2COS[A+/’6Z;A—%j | (/7(+%—/7(+
5

7. Sin A —sin B = sin (120°) — sin (20°)
-2 cos (%) ssin | —5— | =2cos A~ sin (%) By equating both sides,
. A =120° and B=20°Y ...Ans.
=2 -cos A (E) (2)
SRR S-11, 4 Marks.
> Use standard value formula for eqn. (2) : Bienve (e < sin 80 - cos 6 —cos 30 - sin 60 _ tan 20

c0s 20 - cos O —sin 30 -sin40

|Zl Soln. :

L.H.S.

=cos A

sin(A+ %) —sin(A— %) = cose\/

Hence proved.

sin 80 - cos O — cos 30 - sin 60
cos 20 - cos O —sin 30 - sin 40

2 sin 80 - cos O — 2 cos 30 - sin 60
2 cos 20 - cos O —2 sin 36 - sin 40

[Multiply numerator and denominator by 2]

Ex. 6.1.7 [EAPAESY

If 2 sin 50° cos 70° = sin A — sin B. Find A and B
|Zl Soln. : Given, sin A —sin B =2 sin 50° - cos 70°
sin A —sin B =2 cos 70° - sin 50° ...(1

_ 2sin89-cose—2sin69~cos36R 1
= 2 cos 20 - cos 0 _ 2 sin 40 - sin 30 Rearrange) - ...(1)

> Use formula for eqn. (1)
> Use formula for eqn. (1)

...[SinA—sinB=2COS (A‘;B)Sin(A—ZBH
A+B A-B
’Z/COS( er )'Si“( 2 ):/2/00570°-sin50°

By comparing angles of cos and sine, it gives

For Numerator,

2 sin A - cos B =sin (A + B) + sin (A — B)
For Denominator,

2 cos A - cos B=cos (A +B)+cos (A-B),
2 sin A - sin B =cos (A —B) —cos (A + B)

[sin (80 + 6) + sin (80 —0) — [ sin (60 + 36) + sin (60 — 30) |

A ; B = 70° and % = 50° = [cos (20 + 0) + cos (20 — 0) ] — [cos (40 — 30) — cos (40 +36) |
A+B = 2x70° A-B= 2x50° (sin 90 + sin 70) — (sin 96 + sin 30)
LHS. =
A+B = 140° A—-B= 100° .2 (cos 30 + cos e)—(COSB—COS 79)
~ A+B = 140° _ sir90+ sin 70 — sia90 — sin 30
A—-B = 100° Adding these ~ cos 30 + cos— cosB+ cos 70
2A = 2400 _ sin70 —sin30 _sin 70 — sin 30 5
A = 2420 - 120° " cos30+cos70 ~ cos 70 + cos 30 -
A = 120° » Use formula for eqn. (2)

From Equation (2), A+ B =140°

B = 140° - A = 140° - 120°

B = 20°

A=12° and B =20V
Method I1
Given, 2sin50°cos70° = sin A—-sinB

For Numerator,

sin C — sin D =2 cos (C£D> - sin (C_TD

For Denominator,
C-D C-D
cosC+cosD = 2cos (—) - COS (—>

2 2
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( 79—36)
- cos 3

(106) ) (4 )

U2 ) M2 ) cos56-sin 20

- (106) (49) " _cos50 - cos 20
COS + COS 2

2
_ §in20
~ cos 20
L.HS. = tan26
LHS. = RHS. vV Hence proved. E
EREN(W-10, 4 Marks) C
P SR :
D Som: Lus- aAlasiis 2
_ sin A + sin 2A + sin 2A + sin 3A [Note this step]_i

cos A + cos 2A + cos 2A + cos 3A

_ _(sin 2A +sin A) + (sin 3A + sin 2A) (Rearrange) a

~ (cos 2A + cos A) + (cos 3A + cos 2A) \ the terms
> Use formula for eqn. (1)

For Numerator,

|-,

)

iy

!
sinC+sinD=2sin(C+D>-COS<C_D)
2 2 (|
For Denominator, |j
C+D C-D
cos C+cos D =2cos 3 cos >
. [2A+A 2A-A [ 3A+2A 3A—A'::'ti
25|n(—2 )-cos( > )+2sm( > )xcos( > )_._
T ooe [t A-A\  (3A+2A 3A-2A\ ]
cos( > )xCOS( 5 )+ cos( 5 )xCOS( 5 )E
i
3A A 5A A
2 sin 7)-cos(;>+2sin(7>~cos<3) I-D
Creos (B cos(8) e200s (%) eos(5)
cos| =5 J-cos| 5 J+2cos{ 5 ]-cos|
3 [ (5 +sn (33)
2 co 5 sin{ 5~ J+sin{ 5
o fE) o (B) e (B)]
C > cos| 75 J+cos|

[common out 2 cos (%) from numerator, and denominator]
n(%)+sn (%)
sin{ =5 J+sin{ —5
(3)res(3)
cos| &5 J+cos| 5
n(5 )vin (%)
sin{ =5~ J+sin{ —5
eon (35 eeos (33)
cos| =5 J+cos| =5

» Use formula for eqn. (2)

[Rearrange} 2

the terms

For Numerator,

) _
L sin C + sin D = 2 sin (C;D>-COS<C2D>
2 For Denominator,
K COSC+COSD=2COS<C;D>'COS(C_ZD>
2 5A 3A SA 3A
5 | T2t 272
o 2 sin T ) cos{ T 5
- SA 3A SA 3A
- 272 272
cos| — 5 J-cos| —H—
2 2 2
L S5A +3A 5A-3A
" 2 2
: 2 sin R
= 5A +3A 5A —3A
L) 2 2
E 2 cos 3 cos | T
& &)
N 2 2
sin > - COs >
=) . oo .
_,'.|= (8 A) (2 N (by simplification)
2 2
"_T} cos[ > ]cos {T}
() S)
) sin| 5 | >
o) ek S)
cos| & |- >
_ sin(2A)
= Tcos A) = tan 2A
LHS. = RHS. YV Hence proved.
Chapter Ends...
aaa
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Chapter 7 : INVERSE TRIGONOMETRIC
FUNCTIONS

" Exercise 7.1

Ex. 7.1.1 RGP0 s P R 1 ET G

L 1 (1
Prove that : sin” ' x = cosec ' (;) .

|Zl Soln. :

. =1
Consider, sin x=0

(D)
a(2)

= x=sin0

G

1
sin 6

_ 1 _
Now, cosec ' (;) = cosec ' ( ) [from Equation (2)].

—1 1 —1
cosec (;) = cosec (cosec 0)

...(3)

> Use for eqn. (3) : el cosec " (cosec ) =0

(1
.. cosec | (—) =0
X
-1 (l) . -1
cosec =sin X
X

. . -1 11
i.e. sin x = cosec (;) v

[from Equation (1)]

...Hence proved.

[STR

Ex. 7.1.2 : Prove that : cosec ' X +sec ' X =

|Zl Soln. :

Consider, cosec ' x =0 ...(1)
X = cosec O ...(2)
i
> Use transformation formula for eqn. (2) I:j
...[sec (%—9) = cosec O = cosec 0 = sec (%—B) ]E
0
X =sec(%—6) I-
. -1 _n
. sec (x) = 5 0
~1 E
O+sec x = >

From Equation (1),

-1 -1 T
. coseC X +sec X =% v ...Hence proved.

Ex. 7.1.3 BRI
Find the value of sin |: cos | (—

N | =

)]
)

-1

M soln.: Consider cos 0 ...(1)

N |—

/?\

—cos O

D [ —

=cos 0

)

N |—

. 1
i.e.—cosB = 5

a(2)

> Use transformation formula for eqn. (2)
.[cos(m—0)=—cosO = —cosO=cos(m-0)]

1
. cos(m—-0) = ) ...(3)
> Use standard value for eqn. (3): |: cos 60° = %:|
cos (m—0) =cos 60°
By equating,
n-0 = 60°
-0 =60°-m
0 =m-60° w.(4)
n-60° =6
From Equations (1) and (4)
(1Y o
cos (—2) = m-60
. i1 . o
sm|:cos (—§>:|= sin (1T — 60°) ...(5)

> Use for eqn. (5) : ...[ sin (7t — 6) = sin 0]
E sin|: cos”' (—%) :| = sin 60°
?" sin |: cos ™" (— %) :| = AZE v (by standard value)
g ...Ans.

Ex. 7.1.4 RV NP R ET{ G
1 _
Using principal value, find the value of cos ](5) — sin” '

(2)
M soin.:

2
Consider,

cos ' (%) =0 wo(1) | sin”! (%): 0 (2
% = cos 0 % = sin ¢
1 . 1
cos O = ) «..(3) sing =75 w.(4)
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(Inverse Trigonometric Functions) ...Pg. No. (7-2)

> Use standard value for

eqn. (3) :
)-

[ cos (
T
cos 0 = cos (3 )

1

d

2

T

3

By Equating both sides,
s
0 = 3
: 71(1) _T
neos |5 ) =3
[From (1)] ...(5)
From Equations (5) and (6),
coor (D)t (1) =2
.. cos 5 )—sin >) =3~
ROROR
cos 5 |-sin {5 )=

Ex. 7.1.5 BERZAR VPR IE11 6

Find the principal value of : cos”

Consider,

-1( =1 _
cos ( > ) =0 ...(1)
_2—1 =cos 0

-1

cos O = 3
0 _1 3
—cos® =75 ...(3)

> Use for eqn. (3)
...[cos (T —0) =—cos 0]
cos (n—@):i ...(5)

> Use standard value for
eqn. (5) :
T

[ cos (g
cos (m—0) = cos (%)

By equating both sides,

4]

T ...(6)
» Use standard value m—0 = 3 [From Equation (2)]
for eqn. (4) :
it n—3%
[a(@-3] | T
. sin| == 7
6 2
g_z2m o om
. . (T [ T
sin ¢ = sin (g)
1(-1 21 .
) ) .. COS (7) =3 [From Equation (1)] ...(7)
by Equating both sides
yi
0 = 6 Substituting value from Equations (7) and (6),
. 1 n Now, cos ' (_2—1>—sinfl<%> = 23_1': - %
sin | 5 ) = ¢ h
- 2n(2)-mt  4n-m 3m
[From (2)] ...(6) [:5— 6 T 6 T6
= _1/-1 11 T
et cos 1<—) —sin (‘) =3V ...Ans.
n 0 2 2 2
6 b 1 -1 )
“=1=Ex. 7.1.6 : Prove that: cos X =sin 1-x
v ...Ans. () 1[ 1—x } .
= = tan = cosec
j: X (\[1 -x )
I ! N —cot”! [ —= (l>
(2 (3) @ e () s
L:E'Zl Soln. : Consider, cos 0= x ...(1)
(1 .|"'_"_:> 0= cos ' x ; ie. cos'x=0 ...(2)
sin (E) =0 ...(225:
1 in ¢ Ej (@) sin”"' e xz) =sin"’ ( 1- cosze) [by Equation (1)]
5 =sin
= k)
.:;.dj > Use for eqn. (3) standard formula
.2 2
' 1 P [ sin'®+cos O =1 }
sin ¢ =5 Ij_'.l L= 1-cos’0=sin"0
we(4) E"_Ti sin”' ( sinze)
> Use for eqn. (4) nG: sin” ' (sin ) )
[ sin (%) =%T » Use for eqn. (4) : ..[sin”! (sin@)=9]
sin ¢ = sin it (V1-x) =0 (3
(E) 1[}[1—x2:| o [}[1—cose:|
(IT) tan = tan
6 X cos 0
By equating both sides [by Equation (1)] ...(6)
T
¢ =% » Use for eqn. (6)
[ Use for Numerator, J
L sin’0 +cos’@=1= 1 —cos’ 0 = sin’ O
P [)[sin 9} ! [sine :|
= tan cosg |~ A0 cos 0
I\ _=m = tan ' (tan 0) )
sin (2) =%
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> Use for eqn. (7) : ..[tan”' (tan©) =01 | Ex. 7.1.7 NI FRAVETO
. eV
tan”! [}E} - (8) Prove that, sin 'x = cot 1( X X )
X
-1 1 -1 1 M soln.: Put, x =sin 6 = 0=sin 'x ...(1)
(II) cosec | 7 | =cosec | TFT—F= L1
\fl—x 1 —cos™0 sin x =0 ..(2)

i _ 1- 1-—
[by Equation (D] ...(9) cot I|: J [ sin }(from Equation (1))
» Use for eqn. (9) E
[ For Denominator, ] [ CO; j' " using sin’0 + cos’ = 1)
L sin°®+cos’@=1=>1—cos’ 0 =sin" 0 sng
) ! i o[ o8 } ol
= cosec ' : = cosec ! [LJ [sm 0 (cot 6)
sin’0 sin 6

o _cosb
(. cot O =5in6 9)

(by property) ...(3)
From Equations (2) and (3) [..R.H.S are equal to L.H.S]

057

= cosec | (cosec 0) ...(10)

cot

> Use for eqn. (10) : . cosec” " (cosec ) =0 _][£1x_ = } =0

cosec [%}
\[1 - X
_ X _1 cos 0
IV)cot ' = cot | TFT—
(IV)co L[ 1-x } «© [ 1 —cos’® :'

0 ...(11)

. —1
sin x =cot ...Hence proved.

IS ara Rl W-2015, 4 Marks

DI By i rl<1;>
Prove that : tan X =5 cos (1%

[by Equation (1)] ...(12
> Use for eqn. (12)

[ For Denominator,
.2 2 2 .2
sin®+cos@=1=1-cos O=sin" O

_1[0056 :' _1[c056}
cot —— |= cot -
sin“0 sin®

M soin.: Consider, tan'Afx =0 «..(1)

:tan6=\/;< :tan26=x; ie. x=tan’ 0 ...(2)

LHS =tan '\[x =6 by Equation (1)] ...(3
= cotﬁl(cote) ...(13 | \/— 1 x [by Eq 1--.6)
= -1 —
> Use for eqn. (13) : ...[cot”" (cot0) =0 RHS =7 cos (1 N x)
-1 X 2
ot [ 2} =9 - (14) -1 cos ' (w) by Equation (2 4
\1-x 5 |+ tan’0 [by Eq @]...@
1] 1 _ 1 .
V) sec' |:;:| = sec’’ |: cos 0 } [by Equation (1)] 4= » Use For eqn. (4) trigonometric formula
2
= sec ' (sec0) ...(15 |:11;an269 = cos 29}
> Use for eqn. (15) : ol sec (sec0)=0] | +tan
sec ! [%} =0 ...(16) =2 cos”" (cos 26) ()
R.H.S of Equations (2), (5), (8), (11), (14) and (16) are > Use For eqn. (5) : B
equal. ...Jcos  (cosB)=0]
~. L.H.S are also equal, it gives é %20 =0
“'x = sin” «/ _ 2= tan I[E} L.H.S = RH.S
. -1 _l -1 1=-x ‘/
_ COSGC_1|: . :|=C0t_1 [ X 2} s tan \/;(-2 cos (1+x) ...Hence proved.
\[ 1-x \’1 -X
_ [ 1
5ocos ' x = sec 1[;] v ...Hence proved.
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a9 (1= 1 _
Ex. 7.1.9 : Solve the equation tan ! ( ): 3 tan 1x,

1+x

x>0
IZI Soln. :
Consider, x= tan 0 ...(1)
= O=tan 'x ...(2)

. S 1=x 1
Given, tan (1 +x) =3 tan X

-1 (l1-tan®) 1
tan (—1 + tan 6) = 5 tan (tan 0)

[From Equation (1)] ...(3)

Now consider, tan (% —B) o(4)

\_'_I
A B
> Use trigonometric formula for eqn. (4)
tan A—tanB
...[tan (A-B)=7 +tan A - tan B
. tan % —tan O
tan(z—@) = ...(5
e
1 + tan 4 -tan 0
> Use for eqn. standard value (5) : [ tan (%) =1
T 1—tan O
tan(4—6) “ 1+tan® (6
Substituting value of Equation (6) in Equation (3),
B 1 _
o tan [tan (%— 9)} = 5 tan ! (tan 0) ...(7)

0

> Use for eqn. (7) : ...[tan_1 (tan0) =0 ]

T 1
470 =730
T 1
4 =26+6
1 b
Levh -
3 14
29 =74
T 2 = b
O =4x3=6> 9=5%
_1 T .
tan x = 6 [From Equation (2)]

>

I

-t

o

=
7N\
A
N—

...(8)

> Use standard value for eqn. (8) : [ tan (E) = %:I

6
X = L v ...Ans.
N
Ex. 7.1.10
In x and y are both positive then show that
! ol -1 X—Y
tan X-—tan Yy =tan (1 n xy)
M soln.: Substitute
X =tan O andy= tan¢ ...(1)
0 =tan' (x)0 = tan ' (y) we(2)
Now, LH.S. =tan ' x—tan ' y
=0-0 [using Equation (2)] ...(3)
RHS. = tan”' (f‘—‘y—>
+ Xy
i _tanB-tan¢ ) . .
= tan (1 +tan6-tan o [using Equation (1)] .(d)
tan A —tan B
> Use for eqn. (4) : |: 1+tanA-tanB- tan (A -B) :|
= tan' [tan (0 — 0)] e
> Use for eqn. (5) : ...[tan_1 (tan 6) = 0]
-1 X — ! _
tan (1+Xy) = 0-¢ ...(6)

From Equations (3) and (6)
L.H.S. = RHS.
- tan ' x—tan" y = tan”' (IX_-l-_X%> v

...Hence proved.

SEraRAE S-2009, 2 Marks, Q. 3(d), S-18, 4 Marks
(1 (2 ~
Prove that : tan ' (Z) +tan | (5) =cot ' 2).

|ZI Soln. :

1 2
Here x=4>0 and y=9>0

1 2 1
Also, xy = 2°9=18 <1
_oi(1 -1(2
L.H.S. =tan (4)+tan <9) ...(1)
- —
X y

> Use standard formula for eqn. (1)
Forx>0,y>0and xy <1,

. -1 -1 S Xty
tan x+tany=tan \7_ o
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1 2 - 1 -
71(1) 71<2> » 479 » Use for eqn. (2) : ...[tan ! (;):cot ! xi|
s.tan Z + tan § = tan
- (142 = cot’' (2)
(%9 = co
17
T 9+(2x4) tan1<ﬁ>+tan1(z4)=cotl(2)\/
-1 4%x9 e e
= tan -1 (by simplification) ...Hence proved.
1 —_—
18 Ex. 7.1.13 BRI
9+8 17 o200 () = ' (2)
) B 36 o (3 ) ) _1(1_7 ﬁ) Prove that : 2 tan 3 )= tan 2
= tan —18—1 = tan —(1_7) = tan 36><17 |Zl Soln. -
L 18 1 o {
(1 Consider, x = §>0
=tan (5) ...(2)
L We know, for x >0,y >0 and xy < 1
> Use for eqn. (2) : ...|itan_1 (‘):cot‘1 _1 _1 _1| Xty
X tan Xx+tan 'y = tan T—xy
=cot ' (2) . For x=y
-1 l) _1(2) _ -1 v 2X
tan (4 +tan g ) =cot " (2) tan ' X +tan ' x =tan1|: ) 2}
...Hence proved. —*
2tan’ ' x =tan ' 2
Ex. 7.1.12 ERIRAVETS - 1-x°
o1 2 (1 ~1 —
Prove that : tan ( T ) + tan (24) =cot  (2). ’ x% - - Substitute as

IZI Soln. :

(1 _
2tanl<§> =tan ' T\ 1
-(5) JUr

3 3
Here x=—1>0 and y—ﬁ>0 2
2 1 7 sl -1 3 L
Also Xy =77 * 51=727 <1 2 tan (—) = tan — (by simplifications)
’ 11 247132 3 1
-9
.1

-2 -1 (L

L.H.S. =tan (11>+tan (24>
[ P

X

= tan 9_1 = tan <§>

> Use for eqn. (1) :

9 9
Forx>0,y>0andxy <1, (2 9
. 1 -1 -1(X+y) = tan (gxg)
tan X +tan Yy =tan 1
A [T CO I ——
2 7 tan 3 = tan 4 ...Hence Prove
(2 (1 o 11724
tan {77 )ttan (74 ) =tan 2 7 Ex. 7.1.14 (TR ETS|
- 11 %22 Prove that :

) v (@) v’ () +n(5) = &
tan 3 + tan 7 + tan 3 + tan ]8) = 4

M soin.:

L.H.S. =tan_l<%> + tan ' (%) +tan ' (%) + tan_l<%)

:[tan-1 @ +tan“@}+[tan“ @ +tan @]---(1)
y

X y X

132
—1 125 132
264 125

- %) e(2)

48+ 77 125
|: 11x24 . (264>:|

= = tan 125

32 (132)
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> Use trigonometric formula for eqn. (1)
|: Forx>0,y>0and xy < 1

-1 _1 i Xty
tan X +tan y=tan

1 —xy
11 11
L 57t | 373
= tan | ll + tan | ll
| "5 7 38
[~ 7+5 8§+3
1 35 _1 24
= tan 1 + tan I
| 135 =22
12 11
o 35 1 24
= tan 35-1 + tan %1
| 35 24
M 12 11
I = 24
= tan 34 + tan 23
| 35~ 24—
cnt (2) s (8
= tan 34 + tan 23
_ 6 11
=tanl[ﬁ +tan1|:—3 ...(2)
- -
X y

> Use trigonometric formula for eqn. (2)
|: Forx>0,y>0andxy< 1

-1 —1 i Xty
tan X +tan y=tan

1-xy
6 11 138 + 187
| a7f23 | | 301
= tan | E H =tan | ﬁ
| 1717723 ~391
325
L ar_325m391 7. | A
= tan (391—66) =tan s
391 391
=tan ' (1) &)

» Use for eqn. (3) |: tan % =l=tan-1(1) = %]

L.H.S.
-t -1 1 t -1
s lan 5 + tan

&~1a

)+tan‘1 (%) +tan”’ (%):%\/

...Hence Proved.

~i=

Ex. 7.1.15 BRA KRR ETL S
(4 . (8 _.71(&>
Prove that : sin (5>+sm (17> = sin 35

|Z[ Soln. :

Consider,

and

Hypotenuse

O\

Fig. P.7.3.48

By Pythagoras triplets

3,4,5 OR
Suppose third side is a
. By Right angle triangle.

2+ @) =)

a’+16 =25
a’ =25-16=9
a =19
= a =3
s.cos 0O =% ...(3)
Now,

5
4 Opposite side
5

sin”' (%) =0 ..(l)

8
- 17= sin ¢ ...(2)

8  Opposite side

sin ¢ = 17° Hypotenuse

17

= 15
Fig. P. 7.3.48(a)

By Pythagoras triplets

8, 15,17 OR

Suppose third side is x

.. By Right angle triangle.

X+ 8 =17

X +64 =289
X =289 -64
X =225
= X =m=15
15

. cosP = 17 w.(d)

sin”' (%) +sin”’ (%) =0 + ¢ [from Equation (1)] ...(5)

Now consider, sin (0 + ¢ )

s
A B

> For eqn. (6) :

...(6)

...[sin(A+B)=sinA-cosB+cosA-sinB]

sin(@+¢) = sinO:cos¢+cosB-sin
. 4 15 3 8
sin (0 + ¢) = (EXﬁ>+<§Xﬁ)

[Values from Equations (2), (4) and (3)]

. 12 24
sin (0 + ¢) = 17778 =

(12x5)+24 84

=85

(MSBTE-Sem- | (Common to All))



Basic Mathematics (MSBTE)

(Inverse Trigonometric Functions) ...Pg. No. (7-7)

. osin (0 + ¢)= %

) .1 84
s 0469 =sin (85)

Put value of Equation (7) in Equation (5),

L1 (ﬂ) .-1(1)_.-1(&)/
. sin 5 ) +sin (77 ) =sin" | g5

. 4 12 3 5
sin (0 + ¢) = (gxg)—(gxg)
[Values from Equations (3), (2) and (4)]
48 15 _48-15 _ 33
T65°65° 65 T 65

socos(O+¢)= %

~1(33
= 0+ ¢ =cos (65)

«.(7)

...Hence proved.

Ex. 7.1.16 RIEAG PR ET G

(3 112 /33
Show that : sin ]<§>+cos l(ﬁ) = cos ]<_S)

IZI Soln. : Consider,

in"’ <§>
Sin 5
.3

3 Opposite side
sin 0= o=
5~ Hypotenuse
5
3
N
Fig. P. 7.3.49(a)

Using Pythagoras triplets
3,4,5 OR
Suppose third side is a

.. By Right angle triangle,
2+ =)
a’+9 =25
a> =25-9
o a’ =16
=a =4

From Fig. P. 7.3.44(a)
...(3)

4
s.cos 0 =3

_ 112
Now, sin ! (%) + cos 1(3) =0+¢

12y
=0 and cos (13)—4)

Substitute this value in Equation (5)

! (5) +eos” (15) oo™ (55) ¥
. SIn 5 + CoS 15) = Cos 65

...Hence Proved.

(IT) Now consider, sin (6 + ¢) ..(7)
> Use trigonometric formula for eqn. (8)

...[sin (A +B)=sin A - cos B + cos A - sin B]

= sin0; %: cos ¢ ".(2' . sin(@+¢)=sinO-cos ¢ +cosHO-sin
3 12 4 5
12 Adjacent side =\5*13) 5 %13
cos ¢ = 13~ Hypotenuse .
[Values from Equations (2), (3) and (4)]
3620
13 =65 %65
x25 36+20 56
) +
) .'.sm(6+(]))=T:—5
12
56
ssin(0+¢) = 5
Fig. P. 7.3.49(b)

. —1( 56
0+ ¢ =sin (65)

Substitute this values in Equation (5)

Using Pythagoras triplets
5,12,13 OR

ird side i 13 112 _1( 56
Suppose third side is x sin”! (g) +cos” ! (E) —sin™! (@) v
By Right angle triangle,
(12)2 il = (13)2 ...Hence Proved.
144 +x° = 169 Ex. 7.1.17 BRI R S
2 1[4 _ 5 _ 3
X" =169 -144 Prove that : cos 1(;) — sin l(ﬁ):cos 1(2—5)
X =25 . . =
=x =5 M soin.:

From Fig. P. 7.3.44(b) Consider,

Now consider, cos (0 + 0)

)

> Use trigonometric formula for eqn. (6)

. 14 . -1( 5
. sin ¢ =13 ..(4) cos 1(5): 0 and sin l(ﬁ): 0] ...(1)
4
'.g:cosﬁ 15—3:sinq)

[From Equation (1)] ...(5) 0 - 4 ] 5 )
.(6) cos O =3 sin = 13 ...(2)

Adjacent side . Opposite side

...[cos (A +B)=cos A - cos B —sin A - sin B] cos 0= Hypotenuse sin ¢ = Hypotenuse
[By formula] In Right angle triangle In Right angle triangle

cos (B+¢) =cosB-cosp—sinb -sind
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13
(4 _
5 5 cos ' (‘)—sin ! (i)=9—¢ [From Equation (1)] ...(4)
a=3 5 13
AN
I\ We know,
4 Fig. P. 73.51(h cos(0—¢) =cosB-cosd+sinB-sind (. by formula)
Fig. P. 7.3.51(a) ig. P.7.3.51(b) 4 12\ (3 5\ 48 15
cos(0—¢) = 5%713) % 5%713)= 65 T 65
By Pythagoras triplets By Pythagoras triplets _ 48+15 63
3,4,50R 5,12, 13 OR 65 T 65
Suppose third side is a Suppose third side is x . cos (8- 0) = 63
.. By Right angle triangle .. By Right angle triangle. 05 63
@’ +a =5) L X+ (5 =(13) EE . 0-0 =cos' (g)
2 2 =
16 +a°=25 X +25=169 . E_:E Substitute this value in Equation (4), it gives,
2 _ 2 _ et
@ =25-16 x =169-25 DG.'.cos_1<%>—sin_l<%>= cos_l(%)\/
a2 =9 X2 =144 LJ
— ...H d.
a=49=3 x=~[144 = 12 5 SHEE PEOVE
From Fig. P. 7.3.51(a) From Fig. P. 7.3.51(b) 1T
12 -
. sin O =% and cos(l):ﬁ ...(3) El'j
ﬁ Chapter Ends...
d Qaaa
i
L
-
@
ere—
QO
-)
—
(&
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Chapter 8 : STRAIGHT LINE

I  Exercise 8.1 . =2

y+5 = 3 x-4)
Ex. 8.1.1 : Find the slope of the line passing through the points 3(y+5) = —2(x-4)
(2,4)and (5, 9) 3y+15 = —2x+38

|Zl Soln. : We know,
Slope of line passing through the points (x,, y,) and (x,, y,) is,

Taking variables on L.H.S. and constants on R.H.S.
2x+3y = 8-15

2= N1 2x+3y = -7 v
m= T (D
273 This is required equation of line.
Given points, X,y = (2,4)and (x,,y,)=(5,9)
. i Equati SRR W-09, 2 Marks |
Substitute these values in Equation (1), ’ . ‘
9_4 5 Find the slope and intercepts of 5y = 4 (3 — 2x).
<+ Slopeof line =m = 375 =3 M soln.: we know, in a equation of straight line
. 3/ .y _
Slope of line = 3 ...Ans. ath T 1 ...(D)
_3 Where, X-intercept=a and Y-intercept =b
Ex. 8.1.2 : Find the Equation of line with slope > passin . coefficient of x
) e and Slope of line = - “coefficient of v v
through the point (2, - 3) Slope of line : Given, Equation of line is,
M soln.: we know, slope point form : 5y = 4(3-2x) =12-8x
Equation of line passing through the point (x,, y,) with slope m is, 8x+5y = 12 (2
Y-y, = m(x-x,) (D Here coefficient of x = 8 and coegﬁcwnt ofy=5
Given point (x;,y,) = (2,-3) ~. Slope of line = - A
-3
and slopem = - Intercepts
) ] ) Write Equation (2) in the form of Equation (1),
Substitute these values ‘3“ Equation (1) Divide throughout by 12 to obtain 1 on R.H.S.
y-3) =75 x-2 & Y12
3 2% T
y+3 = T(x—2) 2x Sy
3+t = 1
2(y+3) = -3 (x-2)
2y +6 = -3x+6 3;4. 1}; = ...(3)
Taking variables on L.H.S. and constants on R.H.S. ( B ) ( 5
3x+2y = 6-6 . . .
v Compare with Equation (1) Comparing both
vy =0 L3 llzlxy o x Y
This is required equation of line. a=s. -5 @ 21 an aOE
5
Ex. 8.1.3 [CAENANELS)| <.,
Find the Equation of line passing through the point : f
-2
—5) having slope =~ . 3 . 1
(4, —5) having slope 3 s X —intercept =a = 2> Y - intercept =b = 3 v
|Zl Soln. : We know, slope point form :
Equation of line passing through the point (x,, y,) with slope m is, Ex. 8.1.5 (R PR T
y-y, = m(x-x,) ..(D Find the slope and X-intercept of the straight linei —% =2
. . =2
Given point (x, y;) = (4,-5) and slope m= 3 M Soln. : We know, in a equation of straight line
Substitute these values in Equation (1) BS +% = 1 (D)
a

=2
y-(35 = 73 -4 X-intercept = a ; Y-intercept = b
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Given, Equation of line is,

x ¥ _
1-3 = 2 ..
Intercepts

To find intercepts, write Equation (2) in the form of Equation (1),
Divide throughout by 2, to obtain 1 on R.H.S.

x Y 2

4%x2 " 3x2 T 2
x Yy _

g tle = 1

Compare with Equation (1) | Comparing equations

.. X -intercept = a=8and .
Y -intercept = b=-6
Slope of line : We know
S1 fline = coefficient of x
Ope OLINE == " oefficient of y
. L x 7
Given, Equations is, 1-3° 2
x ' @ y i 2
T T
coefficient coefficient
of y of y
1
. 4
Slope of line = — -1
3
. 1 3_3
Slope of line = m= 2%X1 =2
3
. Slope of line = m = i v ...Ans

hlﬂn DI lhllf_‘- ':'l'l'li_\t_].E'
LY |

[k

t @ Tarh

Ex. 8.1.6 ERUMAEC
The equation of a straight line is 3x — 4y

12 Find
X-intercept and Y-intercept of the line. Also find slope of line.

|Zl Soln. : We know, in a equation of straight line

% +% -1 (D)
X-intercept=a and Y-intercept =b and
Intercepts : Given, Equation of line is,
3x—4y = 12 ...(2)

To find intercepts, write Equation (2) in the form of Equation (1).
Divide throughout by 12, to obtain 1 on R.H.S.

e A )
12 712 12
x ¥ _
23 =1 ...(3)
Compare with Equation (1)
soa=4, b=-3

13aAFM&

I'CJI":F-I’G

Wt

D

=

D
5

N
)

ot

[

=t

X-intercept = a =4 and
Y-intercept =b=-3
Slope of line : We know
coefficient of x

Slope ofline = =~ ficient of y
Equation is,
T T
coefficient coefficient
of x ofy
Sl f line = 2
ope of line = — =
Slope of line = m =% v

SMERRA(S-11, S-13, 2 Marks)

Show that the lines 2x + 3y — 1 = 0 and 3x — 2y + 6 = 0 are
perpendicular to each other.

M soln. : we know, two lines having slopes m; and m, are
perpendicular to each other if,
m, - m, - L

Given Equation of lines are,
P Linel: 2x+3y-1=0

coefficient of x
" coefficient of y

@x@y—lzo
T T

coefficient coefficient
of x of y

.. Slope of line = m, =

Here coefficient of x = 2 and coefficient of y = 3

=2
Slope of lineI=m, = 3 ..(D)
LineIT :3x -2y +6=0
coefficient of x
"~ coefficient of y

. Slope of line

Q

x—@y+6=0
T

coefficient coefficient
of x of y
Here coefficient of x = 3 and coefficient of y = -2
3

. Slope of lienIl = m, = -

)

m, =
Now from Equations (1) and (2)

-2 3
)~G)
-1

[condition of perpendicular lines]

m; X m,

m, - m, =
This shows that line, I and line II are perpendicular to each

other. v
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Ex. 8.1.8

Show that the lines 5x + 6y — 1 = 0 and 6x — Sy + 3 = 0 are

perpendicular to each other.

M soln.: we know, two lines having slopes m, and m, are

perpendicular to each other if
m-m, = -1
So first find slopes of given lines.
Given Equation of lines are,
P Linel: 5x+6y-1=0

coefficient of x

~+ Slope of line = m, =~ b cient of y
Q x+@y-1=0
T T
coefficient coefficient
of x of y
Here coefficient of x =5 and coefficient of y = 6
-5
.. Slopeof Linel= m,; = o

P Linell: 6x-5y+3=0
coefficient of x

<+ Slope of line = m, =~ o cient of y

Here coefficient of x = 6 and coefficient of y = -5

.. Slopeof linell= m, = _%

. 6
Smy =
Now from Equations (1) and (2)
-5 6
mom = (7)< (5)
-1

m1~m2=

This shows that line I and line II are perpendicular to

each other. v

[condition of perpendicular lines

Given equation of line is, 4x -y +7=0 ...(1)

coefficient of x

Slopeof line = m = -~ Z G o oF y

@x@y+6=0
T T

coefficient coefficient
of x of y

4
o Slopeofline= m = -=7 =4

m= 4 ...(2)
We know, slopes of two parallel lines are equal.
Since required line is parallel to the line (1)
.. Slope of required line =m =4
[From Equation (2)] ...(3)
4 Step II : Also, we know, Slope-point forms
Equation of line passing through the point (x,, y,) and having
slope m is,
y-y, = mx-x) ()
Required line passing through the point (2, — 3)
Here, (x;,y,) = (2,-3)
SoXp o= 2 ;o Yy =-3
and slope = m= 4
Substitute these values in Equation (4),
Ly-(=3) = 4x-2)

...(2)
y+3 = 4x-2)
y+3 = 4x-8
Taking variables on L.H.S. and constants on R.H.S.
—-4x+y = -8-3
4x -y = 3+8

4x-y = 11 v This is required equation of line

ISE:RECE(Q. 5(a)(i), W-17, 6 Marks

Find the equation of straight line passes through the points (3, 5)

and (4, 6).
|Zl Soln. : Equation of line is
y-yn o X=X
Vi=Y. XX
y-5  x-3
5-6 — 3-4
y-5  x-=3
10T
x-y+2 = 0

...Ans.

Ex. 8.1.11 R ER S

Find the equation of the line passing through the intersection of
lines 2x — y = 14 and 2x + y = 10 and perpendicular to the line 3x —
y+6=0.

|Zl Soln. :

4 Step I : First find point of intersection of lines.

Given Equation of lines are,

2x—-y = 14 (1)

2x+y = 10 ...(2)
Solve the Equations (1) and (2)

Ex. 8.1.10 QYRR ET ]

Find the equation of line passing through (2, — 3) and parallel to the

line4x —y +7=0.

|Zl Soln. : First find slope of given line and use : “Slopes of

two parallel lines are same” and slope point from.

2x-4 = 14 . .
Adding both equations
2x+4 = 10
4x = 24
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24
X = 7 X =6
Putx = 6 in Equation (1)
26)-y = 14
12-y = 14
-y = 14-12
-y = 2 Ly = =2
x= 6 and y = -2
.. Point of intersection P is (6, — 2) ...(3)
I
<«—Requirediline
Z}‘ / 2
*.> N Aﬂ./ 3 :
N ’0\ 7 -
PG
7P \\ '
/// N
. >
3x=y#6:=0
Fig. 8.10.23
4 Step II : Required line is perpendicular to given line,
Equation of given line is,
3x-y+6 =0 (4

— (coefficient of x)

~+Slope of line = m, == tficient of y

3x-1ly+6=0

@x@ y+6=0
7 0

coefficient coefficient

i
E
|_

of x ofy
Here coefficient of x = 3 and coefficient of y = — 1.
-3
.. Slopeof line=m; = =
“mp o= 3 ...(5)

We know, if two lines are perpendicular to each other with
slopes m, and m,, then,
m-my,= -1
Here required line is perpendicular to line [Equation (4)]
If Slope of required line is m,, then.
=-1
-1
3
.. From Equations (5) and (6)

m,; - m, So3xm, = -1

m2=

...(6)

Hence, Required line is passing through the point

4 Step III : We know, Slope point form
Equation of line passing through the point (X, , y,) having
slope m is,
y —y; = mix-x) (D)
Here (x,y,)) = (6,-2) [Equation (3) point of intersection]
LXp =6y =-2
and m= m, = _?1 [From Equation (6)]

Substitute these values in Equation (7), it gives,
-1
y-2= (3 ) x-0

-1
y+2 = 3 (x-16)
3(y+2) = —-(x-6)
3y+6 = —x+6
Collecting variables on L.H.S. and constant on R.H.S.
x+3y = 6-6
x+3y = 0 v

Ex. 8.1.12 (&R ES

Find the equation of the line passing through the point of
intersection of 2x + y + 6 = 0 and 3x + 5y — 15 = 0 and parallel to
the line 5x + 6y + 3 = 0.

|Zl Soln. :
>

This is required equation of line

Step I : First find point of intersection of lines.
Point of intersection of lines,
2x+y+6 =0 and 3x+5y-15 =0
Rewrite Equation as,
2x+y =-6
3x+5y =15
s To find values of x and y we can use
| )Method I : Variable cancellation as Ex. 8.10.22. or

H’[ethod II : Determinant method

¥

(D
o)

Here we shall use method 11

Solve these equations and find values of x and y by
determinant method,

2 1 "." Coefficient of x andy i|
D =
|3><X 5| [ of Equations (1)
= (2x5)-(1x3)=10-3
D=7
-6 1 In D replace coefficient of x
D, = | 15>< 5| [ by constants of Equations (1)
= (-6x5)-(1x15=-30-15
D, = -45
. -6 In D replace coefficient of y
D, = |3>< 15 [ by constants of Equations (1)
= (2x15-(-6x3)=30+18
D, = 48

(6, — 2) and having slope is (_3—1) .
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o D, _45 - Dy o4 42y - 288 = —35x-225
’ D 7 YD 77 Collecting variables on L.H.S. and constants on R.H.S.
—45 48 -
x= — and y="7 35x +42y = —225+1288
i5 48 35x +42y =63
*. Point of intersection of lines (1) and (2) is P ( s 7 Divide throughout by 7
=9V
.3 5x+6y =9
4 Step II : Required line is parallel to the line This is required equation of line.
We know slopes of parallel lines are equal. Ex. 8.1.13 m
5x +6y =-3 (4 | Find the equation of the line passing through the point of
*. slope of given line is, intersection of lines x + y =0 and 2x —y = 9 and point (4, 5).
(coefficient of x) .
M= =" coefficient of y o M soin.:
@ X +@ y+3=0 E_ Given : Equation of line are,
[::::I x+y=0, 2x-y=9
= =
coefflclent coefflclent - Xty = 0 )
of x of y ﬂg X = 9 } Adding both
Here coefficient of x = 5 and coefficient of y = 6 . E_ 3x = 9
—
m = - % L x =3
. R . N Since x+y = 0
Since required line is para;lel to line (4) EL 34y = 0
.. Slope of required line =m = _? ..(5) N y = -3
4 s 4 ED *. Point of intersection = (3, — 3)
E:l" Now we have to find equation of line passing the point of
Q,_R g ol S I~ intersection of point (3, — 3) and point (4, 5).
(mmmESS7g (% > - -
SN /ix cf? ,_E We know, Two points form : Equation of line passing
SN A Ak
7 \\; o \ 5 [ Jthrough the points, (x, y,) and (x,, y,) is,
>< —45/-48 3 _ _
AN T g IEEI yho_ ITh
// \\ X Ya= Y X=X
/’ \ ,:}tﬁHere, (x,y) = (3,-3)and
L (¥ = 49
¥ -3 -3 S
- GD z ( 3) = 2 3 ...(by cross multiplication)
Fig. P. 8.10.26 ")) -3 -
From equations (3) and (5) required line passing through E‘a yg_3 = XI3
-45 4
point TS, 78 and having slope is ( ) |—- Y43 = 8(x_3)
P Step III : We know, slope-point form y+3 = 8x-24
Equation of line passing through the point (x, , y,) having Collecting variable on L.H.S and constants on R.H.S.
slope m is, L —-8x+y = -24-3
y-y, = mXxX-x,) ...(6) -8 +y = =27
_45 4 _ . 8x—v = 27V
Here, P(x,.y,) = TS 78 andm:% . 8x-y = 27
Which is required equation of line.
[From Equation (3) and (5)]
Substitute these values in Equation (5) SOEAREN(W-06, W-11, 4 Marks
48 _5 _45 Find the equation of the line passing through (5, 6) and making
SY-T7 = (? ) |:X - ( 7 ) } equal intercepts on the co-ordinate axes.
Ty—-48  _5 (7x + 45) |Zl Soln. : We know, Double intercepts form
Ve =6 yé Equation of line having X-intercept a and Y-intercept b is,
6(7Ty—48) = —-5(7x+45) (by cross multiplication)
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. ¥ _
ath ..(1)
Given, Required line making equal intercepts on the co-ordinate

axes.

1

a b

o ...(2)
Substitute this in Equation (1)
X

S+
a

Yy

a

1 ..03)

Since required line is passing through the point (5, 6)
i.e. point (X, y,) = (5, 6) satisfies Equation of line
[Equation (3)]

.3 N 6 Substitute in Equation (3)
11
Ta

a x=5,y=6

)

(9]
+
[@)}

1

1 = a=11

a

b=11

Substitute these value in Equation (1)
X Y
S TIRET

Multiply throughout by 11,

Soa

Ly iy

[From Equation (2)]

{

=1

| I il |

MaYl
DT troT o

Lx+y=11 ‘/Which is equation of required line.

Ex. 8.1.15 QIR IAC RV E S
Find the equation of line which makes equal and positive intercepts
on co-ordinate axes and passing through the point (4, 5).

|Zl Soln. :

We know, Double intercepts form

h Mo

Equation of line having X-intercept a and Y-intercept b is,
Y

b

Given, Required line making equal intercepts on the co-ordinat

X
=+
a

1

~
—
~

“1—1!':11""

axes.
a=> ...(2I):|:.ta
Substitute this in Equation (1) lj
XY
2oy O
Since required line is passing through the point (4, 5) 0]
ie. point (x;, y,) = (4, 5) satisfies Equation of linvl-l
[Equation (3)]
4 5 Substitute in Equation (3)
LT+ =1
a a [ x=4,y=5
445
. =1 2 = 1 = a=9
a=b=9 [From Equation (2)]
Substitute this value in Equation (1)
PSS A
gty = 1

Multiply throughout by 9,
SX+y=9 v Which is equation of required line.

HJIEJ

[k A1 ™,

N W

T Al

HGL LA

Ex. 8.1.16 RIS AR AR T C

Find the equation of perpendicular bisector of the line joining the
points (4, 8) and (- 2, 6).

|Zl Soln. :

Perpendicular bisector of line AB means perpendicular to
line AB and passing through mid point M.

> Step I: Given point, A(4,8) and B (-2, 6)
By mid-point formula,
yi + y2>
2

)

bl

_ X+ X
- (a2

U x,=4,y,=8and

4-28+6
(22

[

T
Bise
perpen

]

bl

X,=-2,5,=6

T
ctor,
dicu

lar

=
M

3
(15

»

=2 -(8,=1)

uire
!

eq

dflir
I

Fig. P. 8.1.16

2 14
2°2

M = M = (1,7) (D)

> Step I : Now,

Yo=Y

X, =Xy

4,8) and (xyy,)=(-2,6)

6- 8
4

Slope of line AB

Since (x;,y,)

Slope of line AB 5
_ =2

Slope of line AB

.. Slope of perpendicular bisector
condition of perpendicular
m, -m,=-1
-1

m,

-1

slope of AB
som,

-1
1773
3

...(2)

This is slope of required line.
4

Equation of line passing through the point (x,, y,) having slope m

Step III : We know, Slope point form

is,

y-y, = mx-x)
From equations (1) and (2),

Here, (x,,y) = (1,7) and slope = m=-3
y-7 = -3x+3 So3x+y = 347
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x+y = 10 M soin.:

Which is equation of required line. P Step I : Consider slope of required line is m;

SOCRREA S-11, 4 Marks, Q. 5(b)(i), S-18, 3 Marks Given, required line is perpendicular to the line.

Find the equation of line passing through the point (3, 4) and X+y+3=0 (D
perpendicular to the line 2x — 4y + 5 = 0. Slope of line (1) is,
M soin. : — coefficient of x

oin. : m, = —

coefficient of y

4 Step I : Consider slope of required line is m, Y
«— Required line

(2,0

Given, required line is

perpendicular to the line.

<—Requiredline

2x—4y+5 =0 ...(1) (3:4)
Slope of line (1) is, ; ;
.. Givenline
— coefficient of x < >
M2 = "coefficient of i i X+y+3=0
y Given-line 5 H

Here coefficient of x =2 2x _|4y +5=0 it
and
coefficientof y =— 4
of given line (1) y

-2 1 i

m= =21 i Fig. P. 8.1.18
1 . Here coefficient of x = 1 and coefficient of y = 1 of given line (1)
Lmy= 5 (2) Fig. P. 8.1.17 |
m, = -7= -1 sompo= 1 ...(2)
Since required line and line (1) are perpendicular to each other,
“m-m, =—1 [ by condition of perpendicular line Since required line and line (1) are perpendicular to each other,
. mym, = - 1[ by condition of perpendicular line ]
m; X 5 =- 1
mx-1) = -1
—_x 2 ion (2). m. =+ . 1
m; =-—1x7 [From Equation (2), m, =5 ] m;, =-1x(-1) [From Equation (2), m, =75 ]
m, = -2 ...(3 m, =1 ...(3)

This is slope of required line This is slope of required line

P Step II: Given line passing through the point (3, 4) P Step II : Given line passing through the point (2, 0)
We know, Slope point form :

Equation of line passing through point (x,, y,) having slope m is

We know, Slope point form :
quation of line passing through point (x,, y,) having slope m is
y-y, =mE-Xx)) ..4d y-y, =m(x-x,) (4

The required line passing through the point (3, 4) (given) an
having slope m, = — 2 (by Equation 3)

The required line passing through the point (2, 0) (given)
and having slope m, = 1 (by Equation 3)
Slope of line = m=m=- 2 and point (Xl’ yl) = (3, 4) Slope of line = m,=m= 1 and point (xp y1) = (2’ 0)

ie.x; = 3, y =4 iex, = 2, y;=0

Substitute these value in Equation (4) Substitute these value in Equation (4)

y-4 =(-2)(x=3)=-2x+(=2) (-3) y=0 = ()(x-2)=x-2
y—-4 =-2x+6 y =x-2

Collecting variables on L.H.S and contracts R.H.S. Collecting variables on LH.S and contracts R.H.S.
2x+y =6+4 [ Collect terms of x and y on L.H.S ] x4y =2 [ Collect terms of x and y on LH.S |
2x+y =10 v This is required equation of line. x—y= 2‘/ This is required equation of line.

SRR (Q. 5(b)(i), S-22. 3 Marks Ex. 8.1.19 IAEIEOIEREES

Attempt the following : Find equation of line passing through point

. Find the equation of a straight line passing through (4, 5) and
(2, 0) and perpendicular to x +y + 3 =0

perpendicular to the line 7x — 5y = 420.
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|Z[ Soln. : To find equation of line, here first find slope of line
and use slope point form.

4 Step I: Consider slope of required line is m;_

Given, required line is perpendicular to the line.
Tx—-5y—-420 = 0 (1)
We know, if two lines having slopes m to m, are
perpendiculars then m;. m, =—1
Slope of line (1) is,
— coefficient of x

My = "Coefficient of y

Here, coefficient of x = 7 and coefficient of y =—5.

—7 7 7
m, =T"5=7% Somy =y ...(2)

Since required line and line (1) are perpendicular to each other,

Lom;-m, =-1 [ by condition of, perpendicular line }
mp(%:—l . m]=—1><%

-5 =

m; =" ...(3

This is slope of required line.

.
3

Fig. P. 8.1.19
4 Step II : Required line passing through the point (4, 5)
We know, Slope point form
Equation of line passing through point (x,, y,) having slope m is
Y=y, =mx-x) ()

5

Here, Slope of required line=m;=m= -7
...(From Equation (3))
and point (x,y,) = 45)
ie. x; = 4, y;=5

Substitute these value in Equation (4)

.. Equation of Required line is,

Y-S =3 k) L T(y-5) = -S4

Ty—-35 =-5x+20
Collecting variables on L.H.S. and constants on R.H.S.
S5x+7y =20+35

5x+7y =55 v This is required equation of line.

Tarant
argct

Ex. 8.1.20 : Triangle ABC has vertices A(4, — 9), B(10, 2) and
C(4, — 4). Find the equation of the median from C.

|Z| Soln. :

A median of a triangle is a line through a vertex and the midpoint
of the opposite side. BM is a median of A ABC through B.

The vertices of AABC are A(4, — 9), B(10, 2) and C(4, — 4)Draw
median cm from point C on AB

M is midpoint of AB, By midpoint formula,

_(m Lﬂz)

Here

A=(x,y,) =4 -9 and

B = (x,,y,) = (10, 2)
M= (4+10’—9+2

(14 =7 II =
A (4,-9) I M

M=(7,_—)

Now Equation of median CM

C4,-4)

B (10, 2)
Fig. P. 8.1.20

We know, two points form :
Equation of line passing through points (x,, y,) and (x,, y,) is

_ X=X
X=X

Yy
Yo=Y
.. Equation of median CM
C=&,y)=4-4

_7
and M =(x2,y2)=(7, T)is

R C))
A C))

x—4

[\®}
|+
oo
>
[
~

3Qy+8) = x -4
6y +24 = x-4
Xx—6y = 24+4
X -6y = 28‘/

This is equation of median CM.

(by cross multiplication)
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" Exercise 8.2

Ex. 8.2.1 RIS

Find the angle between the lines 3x + 2y = 6 and 2x — 3y = 5.

IZI Soln. : Let us consider,

=3 2
M=  M=j
-3 2
m, —m, 273
an® = L+mym, |~ 1 +225 2 -
t7%3
0=tan'  w=90°0=7 v

IS'eE: W24 (\W-10, S- 11, S-15, 4 Marks
Find the acute angle between the lines 3x — 2y + 4 = 0 and 2x — 3y i
—-7=0. (]
M soin.: -

We know, if 0 is the acute angle between two lines Withi
Slopes m, and m,, then

Ly My

m, —m,

tan O =
1+m, m,

Given Equation of lines,

-
P Linel: 3x-2y+4=0 ]
— coefficient of x <

Slope of line = m, coefficient of y

Here coefficient of x = 3 and coefficient of y = — 2.
-3 3
m, =75 m =5 (21_
P Linell: 2x-3y-7=0 ':‘i

— coefficient of x

Slope of line =m, = . ¢ficient of y

Here coefficient of x = 2 and coefficient of y = — 3.

q
{
(
q
:
q

-2 2
m, =773 LMy =y 3)
Substitute values of Equations (2) and (3) in Equation (1) |-
32 9-4
B 273 6
tan 6 = 3 2 T+1
1+ ( 2%3 )
3
6 5 1 5
an 0 = |3] = [Fx3] =53
175
0 = tan (12
ie. 8 = 2262°
., 22.621
0 = 22°37 or 180

This is required solution.

~
L]

e

Ex. 8.2.3 (eI (ORISR ES

Find the acute angle between the lines 2x — 3y + 5 = 0 and
Xx—2y-4=0.

|Zl Soln. : We know, if 0 is the acute angle between two lines
with Slopes m,; and m,, then

g =|—M 1
tan6 = [+m, m, ..
Given Equation of lines,
LineI: 2x+3y+5 =0
. — coefficient of x
Slope of line = m, = coefficient of y
Here coefficient of x = 2 and coefficient of y =3.
E 2
= Slope m= — % =-3
ELineII: x—-2y-4=0,
il ..
. — coefficient of x
. Slope of line = m, = coefficient of y
= Here coefficient of x =1
[Jand coefficient of y =-2
1 1
Slope m2=—% =-T5 =3
N 2.1
D an® = m-m | 32 _7
:‘I s.tanf = ]+mlm2 = 2 l =2
- 1+ (5)(2)
- 177
- ~0 = tan (Z) OR 60.26° ..Ans.
¥
MR (W-06, S- 10, 4 Marks
I~ Find the angle between the straight lines 2x + 3y = 13 and

52x—5y+7:0

_,|Zl Soln. : We know,
| JIf O is the acute angle between two lines with Slopes m; and m,,

then

= tan 0 = |— =M 1)
! T | 1+m; m,
Given Equation of lines,
P Linel: 2x+3y-13=0
Slope of line = m, = —<0ckficient of X
Ope OLHNE =1, =" efficient of y
Here coefficient of x = 2 and coefficient of y = 3.
=2
m; =5 ...(2)
P Linell: 2x-5y+7=0
S] £ line = m. = = coefficient of x
Ope O lINE =My = "0 nefficient of y
Here coefficient of x = 2 and coefficient of y = - 5.
-2 2
m, = T3 m, = 3 ...(3)

Substitute values from Equations (2) and (3) in Equation (1).
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-2 2 —10-6 —16
B 375 B 15 | 15 B I_ 16
tan 6 = N 27| 4|7 | gl T
1+( 3 )XS ~ 15 ]/S
16
tan 0 = 11
1016 - . .
0 = tan (ﬁ) This is required solution.
ie. 0 = 5549°
onq . 33T s
0 = 55°29or 180

We know, the length of perpendicular from P (x,, y,) on
the line ax + by + ¢ =0 is,
ax;+by +c

\/a2+ b’

p:

=‘(4)(3)+(—6)(—2)—5 ‘

\@y +-6)

(. values from Equations, (1) and (2) )
Values from Equations (1) and (2)
o |12+12-51 |19 ] 19
16+36 | [+f52] /52

.. Perpendicular Distance = \/l% Units v

Ex. 8.2.5 IRV ETE

Find the equation of the line passing through

3
(3, —4) and having slope R

|Zl Ans.: We know, slope point form :
Equation of line passing through the point (x,, y,) with slope m is,

(1

y-y, = m(x-xp)

2

Given point (X, y,) (3,-4) and slope m =

Substitute these values in Equation (1)

3
y-(4) = 5 (x-3)

3
y+4 5(x—3)

2(y+4) 3(x-3)
2y + 8 3x-9
Taking variables on L.H.S. and constants on R.H.S.
-9-38
-17=0
This is required equation of line.

Ex. 8.2.6 EXEARVES

Find the perpendicular distance between the point (3, — 2) and the
line 4x — 6y — 5 = 0. [y
M soln.: I_

(D)

Given :

-3x+2y =

s 3x=2y = ...Ans

e

{
4
i

Point P (x,,y,)

and line is, 4x — 6y —5
Compare with ax + by + ¢

a=4,b=-6,c=-5 ...(2)

X
Tt

Fig. P. 8.2.6

Ex. 8.2.7 MRS R B AR ET{G

Find the length of perpendicular from (3, 4) to the line
3x+4y-5=0.

M Soln. :
Given : Point P (x;,y) = (3,4) ..(D)
and line is, 3x+4y-5 =0
Compare withax +by+c = 0
a=3,b=4,c=-5 ...(2)

We know, the length of perpendicular from P (x, y,) on
the line ax + by + ¢ =0 is,

9P (G4
| XY D IR 0
Fig. P. 8.2.7
P o |ax + by +c¢ ( *.* values from Equations)
b P NS (1) and (2)
Y 133+ @ g4)—5’
v NG+ @)’
™ Values from Equations (1) and (2)
_|9+16-5 _‘20 _|@|_4
P= | oxte | s |~ Is1=
Perpendicular Distance = 4 Units v

Ex. 8.2.8 ERUIMAELL S

5
Find perpendicular distance of a point (0 Z) to the line
6x + 8y —45=0.

|Zl Soln. :

Given :

(D)

Point P (x,,y,)

(o3)

0

6x + 8y — 45
Compare with ax + by + ¢

and line is,
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a=6,b=8,c=-45

(2

OX +/¢

5
[]

Fig. P.8.2.8

We know, the length of perpendicular from P (x,, y,) on the line

ax +by+c=0is,

Target & Tech-Neo Publications

© O+ (3)-45

ax +by +c

P N+ | \J6)7+(8)
) - 0+10—45‘= —35’ zlﬁ _|—_7|
36+ 64 \J100 10 2
7
p=3

7
. Perpendicular Distance = ) Units

Chapter Ends...
uaa
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Chapter 9 : FUNCTIONS AND LIMITS

I EXERCISE 9.1

Example and Solutions

SUCRRE \W-2003, S-2014, 4 Marks|
If f (x) =

X_
4x — 1
M soln. :

then show that f [f (x)] = x.

x—4

Given f(x)= Ix—1 ...(D)

To prove f [f (x)] = x
Replace x by f (x) in Equation (1)

- We get,
f(x)—4 (b) Iff(—x)=-f(x)thenf (x)is odd function.
FIECIL = 7% (x)-1 Now replace x by — x in Equation (1) we get
x—4 aX+a~ ¥ aX4ax N
(354 fex = =t {-o0=+
f [f (X)] = x—4 -X X
4 -1 _a _*a ; ; -
4x —1 = 5 ...By commutative lawie.a+b=b+a
x—4 a*+a~*
f)=4—7 by Equation (1) fex) =—"> — ..(2)
x—4-44x-1) From Equation (1) and (2)
o (4x41) _ x-4-4(4x-1) f(x) = f(=x
[£CIT = 4(x=4)- (dx-1) ~ 4(x-4)-@4x-1) By definition of even function (i.e. by (a))
(441 Given function f (x) is even function. v/ ...Ans.
X Holex+ F| v -4(dx-1)=-16x+4 | 15 EXERCISE 9.2
T -16-4(+1 | & 4(x—4)=4x-16 ) .
A Ex. 9.2.1 1 If f (x) = Xz - , then find f (- 3), f (= 1)
Cancelling opposite sign similar terms QL'] X +1
x—16x - 1Bx . . _ X’ +1
= M) = Zg51 = Y = x gg&l Soln. : Given, f(x) = 21 . (1)
flf)] = xv ...Hence Provedl—- StepI: To find f (- 3)
Ex. 9.1.2 : Test whether the function is even or odd if Replace x by -3 in Equation (1)
f(x)=x +5sinx We get, _ _
M soln. : £-3) = =3’ +1 . on simplification
Given f(x) = x% + 5 sinx (1) G Numerator & Denominator
-27+1
We know, = 9+-; U (-3P°=-3x-3x-3
If f(-x) = f(x) then f(x)is even function.
dif f £(x) then f(x) is odd funct 9 x-8=-2
~x) = - t .
and if f(-x) (x) en f(x) is odd function and (C3f =—3x-3
Now replace x by (- x) in Equation (1)
We get, | 9
f(=x) = (=%’ +5sin(-x) .2 We get,
[ " (-x)= —-x* ascube of negative term is negative:| f3) = -26 o
Also sin (-x) = —sinx ...by formula of sin angle - 10 Divide by 2 on N"and D*
Equation . 2) = f(-x)=-x>-5sinx =13 " both are even number
- 5

(3

= f(-x) =—[x®*+5sinx] ...Taking — ve sign common

Now, Consider

- f(x) = -[x*+5sinx] by Equation (1) ...(4)
From Equation (3) and (4)
f(-x) = -f(x)

By definition f(x) is odd function. v’ ...Ans.

(S EC-RRY W- 2011, S-2015, 2 Marks

State whether the function f(x) = 4 +2d is even or odd.
M Soln.:  Given f(x=""5- (D)
We know,

If f(—x)=f(x) then f (x) is even function and

(@)
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=13

f3) = —%

Step I : To find f (- 1)
Replace x by — 1 in Equation (1)

We get
o e+ CP=C1)EDED)
fCD= -1)2+1 _
-1+1 0 )
-T2 and (-172=(-1) (- 1)
1 =1
0
e 0
simplifying 2= 0 [Here a=2]
fn=0v ...Ans..
Ex. 9.2.2
S-13, S-16, 4 Marks, W-13, W-15, W-16, 2 Marks
x . 1 1
Iff(x)=16"+1log, x then find f(z) and f( E)
Also find the value off(i)z .
M soln. :
Given : f(x) =16 +log, x ...(1)
1
Step I: To find f (Z)
1. .
Replace x by 7 in Equation (1)
We get,
1 1
f(z) = (16)"* +log, (Z)
11 1
[(@)1" |: V5 5 =3 Herea= 16]
1 1
f (Z) = [(16)2]'"* + log , (Z)
;Y_I
NiT;
Nm _1
2
(16)'/2 =~[16
1 1
f (ﬂ = 161" +log, (1)
\_Y_l
4
1 1
f (Z) = (42 +log, (Z)
1
() [ e
— 1
2 as \/_ =5
1 1
f(z) = 2+log, (Z) ...(2)

1
Step II: To find f (5)

1
Replace x by 5 in Equation @

We get,

._h

VR

N|—

—
I

1
(16)1/2 + log, (§>

NiT:
1 1
((3) - T, +1os: (3)
4
1 1 B
fls)= 4+log |3 [ 16 =4]
1 1
f(E) = 4+log, (§> ...(3)
‘Step III : Now, from Equation (2)
1
Consider log, (Z) =y ...(4)
and from Equation (3)
1
Consider log, (E) =z ...(5)
By Equation (4)
1
We have y = log, (Z)
H—/
c=1log b

Taking antilog of both sides,
{ Wehave, c=logb = b=ac

1
y 2
= 2 =7
2o Lo (A7
= - 27272
2 1
= = (27 S =a’!
\_'_l
2-1%2 Here a=2
= = 27
Since base are equal, equating powers from above Equation.
y =-2
1 . .
= log, (Z) = -2 ..byEquation (4) putting value y
...(6)
Now, by Equation (5)
We have
1
z = logy| 5
¢ = log,(b) = a°=b
Above Equation becomes
1 1
2% = 2 . Here a=2,c=zandb=2
\.'_I

1
@t as 7 =a ' ..by Equation (5)

22 = (2!
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Equating powers we get, (since base are equal) Ex. 9.2.4 1 If f(x) = X =3x+1 find f(—2)+f (l)
z=-1 x—1 3
1 1 .
logz (E) =-1 [by Equation (5) zZ = logz (E):I (7) IZ[ Soln. :
. xX2-3x+1
Given, 09 = =7 )

Step IV : Now from Equation (2) and (6)
To find f(-2) + f (%)
We have to find,
f(-2) and f(%) separately,

To find f(-2), replace x by -2 in Equation (1),
We get, f(-2) = (_2)2__23#

4 -(-6)+1 { (—2)2=(—2)(—2)=4}

ORI

()0
@ - [T -0

and from Equation (3) and (7)

0v

f(%) _ 44 -3 and 3(-2)=-6
— 4+6+1
4-1=3 = T 1O =+
f(%) = 3V ...Ans. — ey
—3
SEPEN S-2011, 2 Marks| f) = -5 2)

Iff (x) = x +x, find f (1) + £ (2)

M soln. :

Given: f(x) =x3+x ...(D)
Now, to find f (1)

1
Now, To find f (5)

1
Replace x by 3 in Equation (1), we get,

Replace x by 1 in Equation (1) We get,
. Equation (1) = f(1) = (1P®+1 1\2 1
! ()3 ()
1 f(3) - ]
= 1+1 371
o (3
1 : 3) 79
£1) = 2 ) oA L, (1)__1
Now, to find f (2) - 1-3 3)°
Replace x by 2 in Equation (1) 3 Also, %_1 :%
We get, 1 a
. Equation (1) = f(2)=(2)*+2 (5) b a d
l - (—_2) " cTh e
3 d
8 { 22=2x2x2=8
f2) = 8+2 _ (é) (%)
B 3
10
f(2) = 10 .(3) B 1 1
Now to find f (1) + £ (2) T B3(-2 " -6
Add Equation (2) and (3) both sides \—Y6_}

We get,
f(+£(2) = 2+10
——

f(%) = —% ..(3)

1
12 To find f(-2) + f(g)

fM+£f@Q = 12v ...Ans.
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Adding Equations (2) and (3),

To find f(4) + £(5)

1 =11 1 Adding Equation (2) and (3) on both sides we get,
f(-2+fl3)= 3 -5
= v .
( 11 2) 1 f(4) + f(5) =25 + 17 | 2 Ans
= X = —
3 72/ 6 Ex. 9.2.6 EEIINAES
— If f(x) =ax° +bx+3 and f(1)=4, f2)=11,
Multiply and Divide by 2 Find a and b.
to make denominator 6 ™ soln. :
1HEe 1 -2 1 : =
= 2 “56 "% Given, f(x) = ax* +bx+3 (D)
f(1) = 4 ..(2)
-22-1 » . . .
= 6 { . Dr is same Adding N } and f(2) = 11 ...(3)
1 _23 Now replace x by 1in Equation (1)
f-2) +f 3)="6 v -.Ans. 4% W get,
- 2
SHERY s 2012, 2 Marks | = 2 abll)y s
X +9 v
If f(x) = —2 , find f(4) + £(5) 1
X — 3
= 4 = a(l) +b(1) + 3 ...by Equation (2)
M soln. : 1
. x2+9 f(1)
Given, f(x) = ——= ...(1)
N x-3 = 4 = a+b+3
To find f(4) + £(5) = 4-3 = a+b ...Shifting 3 on left
We have to find f(4) and f(5) separately, = 1= a+b
To find f(4), Replace x by 4 in Equation (1), we get, at+b = 1 {7 x=y=y=x (4
(42 +9 Now replace x by 2 in Equation (1)
f(4) = \[1-3 We get,
16 +9 { (4)2=4x4=16} f2) = a(2® +b2)+3
R and NI 3=~T v
2 g !
=1 [ : \ﬁ:l] 11 = 4a + 2b+3 ...by Equation (3)
\2
f@4) = 25 (2) )
Also, To find £(5), Replace x by 5 in Equation (1) we get, — 11-3 = 4a +2b
(5)2+9 _
f5) = —T— = 8 = 4a +2b
\5-3
= 4a+2b = 8
. 2 —
_ B+9 { S (B)=5x5=25 } Divide by 2 to each term we get,
V2 J5-3 =12 2 4
34 4 2 )4
f(5) = \/—7 = Ea+?b=7
—
34 2 2 b
Now, f(5) = A2 .
\/7 \/7 = 2a +b =4 ...(5)
— Now consider Equation (4) and (5)
Multiplication and Division by\/? For solving values of a and b.
343 Equation (4) — Equation (5),
f(5) = We get
\/7 \/7 a+ g = 1 Substracting Equation (5)
342 \/7 \/7 =2 from Equation (4)
= ) 1 2a+ ) = 4 so change sign of each term
as \/_ =2 - - - of Equation (5)
34
f5) = 172 { B Y ...(3) (a-2a) = (1-4)
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= -a = -3 (v 1-4=-3}
a=3
Put this value of a in Equation (4),
Weget, 3+b=1
A
a
= b = 1-3Shifting 4 to right
= b= -2

a=3; b=-2V

...Ans.

x+1
(x—1>+1
fy) = S5y
(x—l)‘l
(x+1)+(x-1)
(xA1)
(x+1)+((x-1)
(xA1)

x+D+(x=-1
) =) -1

Putting value of y.

fly) = Simplifying

{ *." denomination of Nr}
and D~ is same

Ex.9.27:1f f(x) = x'+1 and t=y + 2 then find f(t). x+ ¥ +x-x | - Onsimplication opening
™ soln. : f(y) = m brackets and cancelling
Given, f(x) = x3+1 () apposite sign common terms
’ _ i x+x & X
and ' t= y+2 ' . (2) f(y) =171 :7:)(
. To find f(t), replace x by t in Equation (1), we get,
f() = £+1 s fly) =x v'...Hence proved.
ft) = (y+2)P°+1 Lby@Qt=y+2 Ex. 9.2.9 KISy Y ETSC
— : 5 X — .
(@ +b)’ If y=1x)= 5% _ 1 then show that f(y) = x
L) = [YP+3F) Q) +3(y) P+ (2P +1 M soln. :
~~ ~— ~ x—=5
P 43ab+ 302+ b Given, y = f(x) = S — 1 ..(D)
x-5
{ " (a+b% = a’+ 3a’b +3ab®+ b3 Y = 5x-1 ..(2)
. _ 3 2 x-5
. f(t) = [y +6y +‘3_£4_1l)y+8]+1 and f(X) — 1 (3)
12 Now, to prove f(y) =x
" (3)(2)=6 and } Replace x by y in Equation (3),
3= = -5
2P=2%x2x2=8 We get, f(y) = 51 —
() = Y3 46y +12y+8+1 y
9' ( x-=5 ) 5 " by Equation (2) :
5x-1/)" x-5
o fM) = yP+6y?+12y+9 v ...Ans. fiy) = —5("_5 )_1 Y=5x_1
Ex. 9.2.8 EEIIIES x-1
1 —5- -
If y= f(x) =%, X # 1 then show that, x ={f(y). %}?{1)
M soln. : ) = 55 -16x-1) Simplifying
. x+1 5x4 1
Given, y = f(x) = ~—1 (D) (5 1)
x-5-506Bx-1)
1 =
y = 4 .2 f¥) = Sx-5-16x-1)
1 \ . ~ J
and f(y) = );t 1 ..03) K(a-b)
; x=F -25x+ 5%
Now show x = {(y) (y) = 5% —25- 5%+ 1
Put x = y in Equation (3)
We get, By scalar multiplication
y+1 ie. k (a—b)=ka-kb
v = 33
‘ o x=25x
, x+1 v) = To541
But from Equation (2), y = 1
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Uox—=25x=-24x

_ 24 X
2
x Vv ...Hence Proved.

f(y)

Ex. 9.2.10RVEZA [ PR ET{ ¢

5 5+4
If f(x) =5 andt=3-—7

show that f(t) = x.

X+5
Ix_4 ...(1)

M soln. : Given, f(x) =

5+ 4x
and t= 3371 -(2)
Now to show f(t) = x
We have to f(t) first
Replace x by t in Equation (1)
t+5
3t-4

5 + 4x
fi(t) —(3X_1)+5 544
= 5+ 4 _ (2=
3(3:_);)-4 t <3x—1)
5+4x+5(3x-1)
3521
3(5+4x)—4(3x—1)}
(Bx41)
5+4x+5(3x-1)
365+4x)-4(Bx-1)

g

k(a£b) form

We get, f(t) =

"." By Equation (2)
Now,

" on simplification

f(t) =

(o - 5+ 4x +(15x - 5)

® = TB+12x-(12x-9)
k(a# b)=ka £kb
By scalar multiplication

B+4dx+15x-58
fO = 571k —1x+4 {

Opposite sign
common terms

Cancelling }

) 4x+15x PIx
T 1544 Ty TX
s fly) = x vV ...Hence proved.

x> +3 = 4x> + 4x + 4...[From Equations (1) and (2)]
Lx=Y=>x-y=0
X2+3-(@x>+4x+4)= 0 { Here, X=x*+3 }
y+4x2—4x +4
X2+ 3-4x*—4x-4 =0
(*-4x%) -4x+(3-4)=0
-3x2-4x-1 =0
3% +4x + 1 0 ...[Multiply by (- 1)] ...3)

3x1=3and
2 _ .
3x*+3x+x+1=0 [ 3+1=4 }
BC+3x)+(x+1) =0
xx+1)+(x+1) =0

x+1)Bx+1)=0

Sx+1 = 0 OR 3x+1=0
x = -1 3x = -1
_ -1
X= 3
X = —10rx=_T\/ ...Ans.

Ex. 9.2.11 S RETC]

If f(x)= x° + 3 then find the value of x for which
f(x) = f(2x+ 1).

M soln. :

Given: f(x) = x*+3 ..(1)

We have to solve f(x) = f{(2x + 1)

Repl by 2x-1)i

Now, f(2x +1) = (2x +1)2+3 [ P aEcejaﬁyor(l Z(l) )m}

— q
(a-b)
(by simplification)
=42 +4x+1+3 |:'.'(a—b)2=a2+2ab+b2
f2x+1) = 4°+4x+4 ...(2)

Given, f(x) = f(2x+1)

Ex. 9.2.12 ERANRSPIN RSP PR ET G

If f(t) =50 sin (100 7t + 0.4)
1
then prove that, f (5—0 + t> = 1(t)
V] Soln. : Given, f(t) =50 sin (100 nit + 0.4) ...(1)
1
Now to prove f(S_O + t) =1(t)

1
At first we have to find f (% + t)

cad L
To find f( 50 * t)
1 . .
Replace t by (% + t) in Equation (1),
We get,

(L
so0tt) =

1
50 sin [100n(%+t)+0.4 ]
|
k (a+Db) form

1
50 sin [ 100 (5—0) +100nt +0.4 }

hd

ka + kb by scalar multiplication
{ k(a+b):ka+kb}
Here k=100

1 . 100 &
f 50+t = 50 sin 50 +100mt+0.14
= 50sin [27m+ (100t +0.4) ]
H_/

Sin 2z+ 6)
.... Here ® = 100t + 0.4
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=>» Using trigonometric transformation formula I° EXERCISE 9.3

..[sin(2n +0) =sin 6 ]

IS@CRRE W-2013, 4 Marks
2
. x—1 ([ x +1 .
If f(x)=1log ( 1 ) then prove that f (T) =2f(x)
M soln. :

Given f(x) = log (i:—ll) ...(1)

x2+1
To prove, f o ) = 2 f(x)

1
f(%+t>: 50 sin [ 100 mt + 0.4]

1
f(%+t>= 50 sin (100 mtt + 0.4) ...(2)
- from Equation (1) and Equation (2)
1
f(t) = f (& + t)

. 1 2+1
ie. f (5—0 + t) = f(t) { X=y=>y=Xx } v ...Hence Proved. | We have to find f(XT) first.

Ex. 9.2.13 RIRAIE- A ET{C

If £(t) = 50 sin (100 7t + 0.04), then

show that t(lOO + t) = 1(t)
M soln. :

) x2+1
To find f{ =5~ ) , replace x by

x2+1Y, )
“ox ) in Equation (1) we get,

<x2+1)
f(x2+1) x )71

: 2 1 = log
Given: 755=> 3p 2x (xz + 1) 1
2x
f(t) = 50 sin (100 mt + 0.04) ..(1) X2+ 1 =2x

1 X
We have to prove f<— + t) =f(t) _ -~ TP

50 = log 211t ox on simplification

1 : . %K

Replace tby { 55+t |in Equation (1)
. a a-b
We get, b~ 1= b
() - s 1 a  _atb
~flggtt) = 50sin{100m| 55+t | +0.04 andb+1= b
—
...(Simplify bracket f (xz . 1) 1 2 +1-2x (;::I;zlﬂ?% rcommon
k (a +b) form 2 =log| "2
4 1 X Xl 2x from N* and D*
= 50 sin (100n><%+ 100 x t + 0.04)
_ x2=2x+1 ... on Rearranging
B TP terms

ka + kb by -scr{l(lar n;ul?iltca;;m (x-1) ...on Reduction by
{ - kl@+b)=ka+ } (x+ 1) factor form
Here k = 100n

Cx=12=x-2x+1

X+l _x=1>) by(a-b)?=a2-2ab +b?
f =log o
2x (x + 1) and (x + 12 =x2+ 2x + 1

50 sin [27 + (100mt + 0.04)]
J

A\

~
sin 27+ 6) \ ) L by(a+Db)?=a®+2ab+b?
Here 6 =100 t + 0.04 " o
— form
=>» Using transformation formula : ...[sin (27t + 6) = sin 0] b
1 x2+1 x=1YV?
f(%+t> = 50 sin (100 7t + 0.04) f\ 5 )=\ %11
1 Y
f<50+t) - f(t) a m i_ a\m
x2 (b) form | pm = \b
f(S 0x2 t) =f(t) ...[From Equation (1)]
2 -f(xz+1)—21 (ﬂ) byloga® =bl
(m+t> = f(t) v ...Hence Proved. : 2x =208\ x+1 Py logas =Dbloga

1
fx) ...hereaz(x+1)andb 2
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241
f (x o ) =2f(x) v ...Hence Proved.

. by Equation (1) f(x) =log ( ))((:11 )

> 2x_ Y i 1+2x+x2 ... Cancelling
T 1) T8 o e common terms

H_J

a2+2ab+b2_ (a+b)?

Ex. 9.3.2 RN RE 1) PAR A D E X R ET G

1+ 2
If f(x)=log (ﬁ) then prove that f (]—erxz) = 2f(x)

M soln. :

Given, f(x) = log (11-:(() ...(D)

To prove f( ) = 2f(x)

1+x2

2
We have to find f<—x 2) First
1+x

. 2x
. To find f( 1 +x2)

2x

Replace x by T2 In Equation (1)
We get,
(o) ]) et
2x e 14y
f( 2)zlog form
1+x 1- 2x 1.2
1+x2 b
b
1+x% +2x 1+%: ‘ga
142 B
= log 1+x2-2x an
_— = a b-a
1;1/X2 1_B: b

{ ”

= orm
2-2ab+ b (a-b?’

(1 +x)?
log| —— | "~ Here, a=1 andb=x
(1-x)?

-f 2x ) 14+x)? a™ a\m
“HTee )Tl (s ) by T =B
=>» Using Property of Logarithm [ loga®=bloga ]
4 2x _o 1 (1 + X
U1+ T_'_, %8 \ '1-x

J J
b a

4 2x o1 (1+x)
| =2log| 7

f(x)

o ...by Equation (1)
.,f(1+x2>=2f(x) {f(x)zlog(llt);)}/

...Hence Proved.

Target &

Chapter Ends...
([

(MSBTE-Sem- | (Common to All))



Basic Mathematics (MSBTE) (Derivatives) ...Pg. No. (10-1)

Chapter 10 : DERIVATIVES

d
a% Flog3+3x3-1+0

3" Exercise 10.1

Ex. 10.1.1 EAPRPITETEN
1 2)
Differentiate w.r.t. X : (\/; A T>

dy
dx

3*log 3 +3x2 v ...Ans.

Ex. 10.1.3 : If y =sin x + tan X, find %atx:%

M Soln. :
1Y M soin. : Given, y= sinx+tanx
y = (\/?+—) (D) _ } _ ]
\/? Differentiate this w.r. to x on both sides we get
— dy d
(a +b)? form dx = dx [sin x + tan x]
=> Using algebraic formula .J(@a+b)?=a%+2ab +b? | S Using Linearity property of derivative :

2

(Vo ) = 6 269 (35) + (35
Equation (1) = y = (\x)” +2 (/%) LX * (%)2
a0l

d d d
[ga(x) +809) = 3 09 +§g(x)]

d d
= dx (sin x) + ax (tan x)

Y => Using derivative of standard function :
1 d d
x x s | gy SIN X =cos x and &tanx=sec2x
1 e dy
y = x+2(1)+ X ... Simplification ox = Cosx+ sec?x
2

1
= X+2+= d
y X S We get, (a% o = COs (§)+sec2(§>

\_Y_I\_Y_I

1
2 (2)?

Now, Differentiate both sides w.r.to x, we get

dy _d 1
dx = dx(x+2+x

=> Using Linearity property of derivative

=> Using standard values of trigonometric function
d d d
| gx )+ g()] =3 £x) + 35 8(%)

Loon (5)= 7 onasee (3) 2]

d 1
<a§>x:n/2 = E * (2)2

o
1 0 —1/x? 4
ay 2 £ d 1 1+4x2) 1+8 9
=14+0+|- =1- =4 - = —_— —=
dx ( XZ) X2 (dx)x=n/2 =gt4=T 5 =3 =2
dy _ . 1, (QX) _9
dx = 1 9 ...Ans. ax ewn = 2 v ...Ans.
Ex. 10.1.2 : Differentiate w.r. to x, 3+ X3 + 33 Ex. 10.1.4 A S
M soln. : Differentiate both sides w.r. to X, we get Find %’ ify =gt
QX _ i X 3 3
X = X @) M soin. :
= Using derivative of standard function : Given y=a*x
d d Differentiate both sides w.r. to x, we get
[ &(ax)zaxloga;Herea=3and&x“=nx“‘1:I dy d
dx = dx@x) .. (D

d d d
= %)+ 5 ) =G

S

3log3 3! 0

LY_j

% (u-v) form
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=>» Using Product rule of derivative :

{

dy

d
= aX—x2 4+ xa— a*¥
dx T gx X dx @

oy

a-1

d d
&(u-v):uav +vg u

|

Here u=a* and v=xa

- Equation (1) =
ax

a*loga

... By derivative of standard function

LRI TINATA LTS Tadd

d
a% = a-ax*"l+x%a*loga 1
- g
xa—l .x [:
dy 1 1 -~
dx -~ @raxil+xi"l-xa‘loga 1

A\ J

a*x"~![a + x log a] E
... Taking a*- x*~! common “}

d
a% = a*x*"'[a+xlogal v ...Ans[]

Ex. 10.1.5 EEUrMArAET{CH

. d
Ify=(1+x)tan ' x find {-

|Zl Soln. :

Given y = (1+x®)tan"!x

Differentiate both sides w.r. to x we get,

dy

d
Ix = ld+ x?) tan~ 1 x]

.a

% (u -v) form

=> Using Product rule of derivative

RE

Ix (uv.) =u

d

o
dXV+Vqu

d d d
Equation (1) = a% =(1+x% o tan"! x + tan™! x o (1 +x?)
H—I
1
1+ 2 0 + 2x)
=> Using the standard derivatives :
d d )
. et x = 1122 and &(1+x)
=0+2¢ '=2x= 2xj|
dy _1 4
= 2x)
dx (A+%7) T +tan™! x (0 +
d
E% = 1+2xtan x v ... simplification ...Ans.

Aarrunt 8 Tacrh

-

Ex. 10.1.6 AU PACYET CH

Differentiate (sin X) cos X W.I. to X

PRl i™y
L LA™

M soin. : Given, y = (sin x) cos x
Differentiate both sides w.r. to x we get

d d
a% = Ix [sinx - cosx] (1)
| —

d
I (u -v) form
= Using product rule of derivative :

4

d
Ix (u-v)= ug VY W Here, u=sin x and v=cos x]
Equation (1) =

L= L |

[

=t

I'Cll":jLa

dy o4 d .
dx = SINX gy COSX+cos X g sinx
—sinx cos x
=> Using derivative of standard functions
[ ax (cos x) =-sinx, &(sinx) =cosx:|
= sin x (—sin x ) + cos x (cos x )
d
a% = —sin?x + cos? x
d
a% = cos?x —sin® x
—
cos 2x
" Standard formula [ cos 2x = cos?x — sin2 x|
d
H¥ = cos2x v ...Ans.
Ex. 10.5.7 ESNAPITENSY
d
Find a% if y =sec x - tan x

|Zl Soln. : Given, y =secx - tan x
Differentiate both sides w.r.to x we get

% = % (sec x - tan x) . (D
—
I (# -0) form

=> Using product rule of derivative

BE

d d
Ix (u-v)=u VT VW Here, u=sec x and v=tan x
d d
. Equation (1) :a% =secx g tanx+tan x 3o secx

]

sec’ x sec x tan x
d
a% = sec x - sec? x + tan x (sec x tan x)
sec’x sec x -tan® x
d
- secdx + secx tan? x
dx
= secx [sec?x +tan’x] ... Taking sec x common
d
E% = sec x[sec?x +tan’x ]V ...Ans.
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Ex. 10.1.8 ERCRISPAPAET R

d
Find <X

dx if y =e" - tanx

|ZISo|n.: Given, y = e*tanx

Differentiate both sides w.r. to x we get,

dy

d
dx - & (extanx)

H_J

I (u -v) form

= Using product rule of derivative :

d
{ &(uw) =

M soln. : Given, y=(x+1)(x+2)
Differentiate both sides w.r. to x we get,

dy [(x+1) (x+2)]

dx
J

= dx
A\

- (D

i

G (U -0) form

. D)
=> Using Product rule of derivative :
|: d d d

E(u-v)zu& V4V gou
d d
=(x+1) &(x+2)+(x+2) Ix x+1)

]

Equation (1) = dy

dx
d
uSov+voou — —
dx dx 1 1
... Hereu=e*and v =tanx =x+1-1) +(x+2)(1)

d d d
. Equation (1) = a% =e* g tanx +tanx 3 e
H_I
sec’ x

o d d d
ax (x+2):& x+&2:1+0:1

ex

d d d
and &(x+1) = Ix Xt dx 1=1+0=1

d
a% = eXsec?x + tan x e~
dy _ x+1)+(x+2)
= eX[sec?x +tanx] ... Taking e commo dx = & X
d _
= a% = e’[sec®x +tanx] v ...Ans. =Xt1l+x+2
x+x+1+2 =2x+3
Ex. 10.1.9 EAFIEITSY
dy v
Find %% if y =e" -sinx dx = »x+*3 - Ans.
M soin. : SRLEREL. WW-07, W-12, 2 Marks.
Given, y = e*sinx If % if v= %
e —
Differentiate both sides w.r. to x we get,
dy d M soln. : Given - e (1)
dx =a(exsinx) . e ’ Y =1 .
" Differentiate both sides w.r. to x we get,
~- (u -v) form . d d (e+1 d(u
dx *.Equation (1):>a¥ = (ex—l )} a(;form ) ...(2)
= Using Product rule of derivative
=>» Using by quotient rule of derivative :
d d d d
| o gc(uv)= ugzv+voou —-— -
|: dx( ) dx dx :| dy (u _deu—udxv
) dx \v/~ v2
... Here, u= eXand v =sin x
. dy cd ood Here, u=e*+1land v=e*-1
. Equation (1) = dx = € gxsinx+sinx goe - Equation (2) becomes,
cosx e* (ex—l) i(e"+1)—(e’<+1)i(e"— 1)
4 dy dx dx
a% = " cos X + sin x e~ dx — (ex-1)2
X : . X d d d d
= e[cosx+sinx] ... Taking e* common dy (eX—l) (&e" +$1>—(ex+1) (&ex‘al)
dy . -
dx = @ lcosx+sinx] v ...Ans. dx (ex-1)2

Ex. 10.1.10 Rl E R

Find%:\‘(i ,ify=x+1) x+2)

= Using by derivative of standard function :

IE

ax €= &1 =0

]
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~ (ex—1) (ex+ 0) —(e*+1) (ex-0) no(e—eX)? = (@)7- 29 - gF+(€7) = e -2 +eX
- (ex—1)2 and (a+b)? = a2 +2ab +b?

Cdy (- () @+ e ao(ere ) = (@429 (97 + ()
©odx T (ex_1)2 — e 4D 4 e
ex/éx _exo ex/éx e . Equation (3) becomes,
= (eX—l)z ...on simplification dy (eZX—Z + e‘zx) B (e2X+2+e‘2X)
= 2
Cdy o —er-er 5 -2ef dx (ex—e)
dx (ex-1)? K2 + e — KD N
d —2 e = 2 ...on simplification
. == ...Ans. (ex—ex)
dX (ex_l)z

Jdy =222

Ex. 10.1.12 SIS T T (elex)?
X X d -4
. e +e . dy LYy =% A
If = ——, find . = ...Ans.
y F g™ nd-gx dx (ex_e—x 2
X+ — X
Msoln.: Given, y = ——— (1) - Ex. 10.1.13 EEESPPITETS
eX—e X 5
. . . Find . if y =2t —
Differentiate Equation (1) both sides w.r.to x we get, X cos X
d d X+ g X d .
R A S % _(Eform> e M soln. :
dx dx \ ex—ex dx \ v sin x

Given, y= 7—/————
= Using Quotient rule of derivative VeI, Y= 1 + cos x

d d Differential both sides w.r.to x we get
dy (u Viu -ugVv
[ q (—):—} dy d sin x -u
x \ v V2 = — | — (D
dx dx \' 1+ cosx
. - v
with u=eX+e™* and v =e*-¢e>*

. Equation (2) = => Using by Quotient rule of derivative :

X — X i X — X X — X i X — X
dy (e—e)dx(e+e)—(e+e )dx(e—e)

i (e-e)’

4 4
ﬂ(g) deu—udxv
dAv/T vy

dx

d d d d
(er-e) (&eua e‘*) - (e+e) (& & - 5 (e‘*))

(e-e)’

d d
dy (1+Cosx)&sinx—sinx&(1+cosx)

= dx (1 + cos x)?
=> Using by derivative of standard function

d d
&exzex , &e’x = —e*

_ (ex—e‘x) (ex—e‘x) - (ex+e‘x) (ex—(— e‘X))
(e-e)’

d . . (i d )
dy (1+cosx)dxs1nx—s1nx dxl + g COsX

dx ~ (1 + cos x)?

=> Using by derivative of standard function :

d . d .
.| Fosinx =cosx, 5 cos x =—sin x
xS €08 X, 3, €08 s

(e"—e"‘ )2 (e"+e"‘ )2
p N o dy  (1+cosx)(cosx) —sinx(0+(=sinx))
dy (e—e) (ex—e) - (ex+ex) (e + e) Codx (1 + cos x)?
dx T (eX—e*X)Z dy  (1+cosx)(cosx) —sinx(0-sinx)
dx ~ (1 + cos x)?
(a-b) (a + by

cos’ x + sin’ x
A

dy CoSs X + Gos X - €os X) — (= sin x sin%

QX (ex—e’x)2 - (e"+e”‘)2

= 2
Cdx T 2 ..(3) dx (1 + cos x)
(e—e _ COSX +cos?Xx +sin?x
(a—b)>=a’-2ab +b? - (1 + cos x)?
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1

cos X + cos? x + sin? x

(1 + cos x)?
1 +/c{)s X

dy B cos x + 1 B

©odx (1+cosx)* ~ (1+cosx)?

L%y 1

“dx = (1+cosx) ...Ans..
Ex. 10.1.14 ERPATETEY
.o dy .. sinx
Find dx’ ify = 1 — cosx

sin x

M soln. : Given: Y= T _cosx

Differentiate both sides w.r.t. x, it gives,
dy _ d sin x
dx T dx | 1-cosx

= Using Quotient rule of derivative :

du dv
dx

4 () Fax T dx
dx \v /"~ V2
Here, u =sin x, v = (1 — cosx)

d d
(1-cos x) ax (sin x) — sin Xqx (1-cosx)

2l

(1 - cos x)?
=> Using derivatives of standard function

d
... | 3Tsinx=cosx and - cos x =—sin x
dx dx

du  (1-cosx)(cosx)—sinx(0+sinx)
dx  — (1 - cos x)?
du  cosx(l-cosx)-sinx(sinx)
dx (1 - cos x)?
—cos® x —sin* x
r A N\
_(cos x) (1) —cos x - cos x —sin X - sin x
B (1 - cos x)?
dy  cosx—cos* —sin’x
dx (1 - cos x)?
cos x — ((cos?x + sin®x )
- (1 - cos x)?
...(by simplification)

= Using standard trigonometric formula :
... [ sin®x + cos®>x = 1]
cos x—1
(1 -cos x)?
(eosx=T)

(cos x — 1)7

dy 11
*dx - T cosx-1~ 1-cosx

...Ans.

5
. L X —COS X
Ex. 10.1.15 : Find derivative of - W.I. to X
sin X
x° — cos x
|Zl Soln.: Consider, y = —/——
sin x

Differentiate both sides w.r. to x we get

5
dy B d [ x’—cosx d (u
dx — dx ( sin x ) odx \ v form
=> Using Quotient rule of derivative :
d d

4 Jax M dxY
dx\v /™ V2
od 5 d .
sin X 3¢ (x° = cos x) — (x° = cos Xx) dx Sinx

dy _

dx (sin x)?

ord o . d _
sinx | gy X’ —gx Cos X - (x —cosx)&smx

(sin x)?
=> Using derivative of standard function
d s 5-1 .. 4 : d
[dxx =5x>" " = bx ,dxcosx=—smx, dx sin X = Cos X ]

5-1

sin x [ 5x —(—sinx)] — (x> = cos x) (cos x)

(sin x)?

dy sin x (5x* +sin x ) — (x° — cos x) (cos x)

dx ~

sin? x

5x4 sin x + sin® x — X’ cos X + cos’ X

sin? x
1

5x4 sin x —x°cos x + (sin2x+cos2x)

sin? x
d 5x* sinx —x° +1
EX _5x! sinx . X’ COS X v _Ans.
. sin? x
Ex. 10.1.16 ERANPITESY
., dy .. X+ 1
Flnda% if y = %1
M soin. : Gi _ X+l
oln.: Given, y =77
Differentiate w.r.to x we get,
dy _d (x+1 1
dx ™ dx \ x-1 - (@
—
u
Z)form
=> Using Quotient rule of derivative
d d

VIou-ug_v
dx dx

i(z)_
dx\ v/~ V2
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d d
(x-1) Ix (x+1)—(x+1)&(x—1)

Equation (1) = ax =

(x-1)

dy (x=1)(1+0-x+1)(1-0)

dx (x-1)

d d
[ &(x):l and &(1) :O}
dy = &x=D @)-x+D()

dx (x-1)°
X-1-x -1
T (-1
-1-1
T (-1
dy -2

dx 7 (x-1)? v

. on simplification

>
=]
@

Ex. 10.1.17 BRI IRRIIETS

Find % if y=sin(2x+ 1)

MSoIn. : Given, y = sin(2x+1)
Differentiate w.r. to x on both sides,
d d .

a% = Ix [ sin (2x + 1)]
We have,

d
&Sin(ax+b) = cos(ax+Db)-a
d .

= asm(2x+1) = cos(2x+1)-2

d
E% = cos(2x+1)-2

dy
dx

2cos(2x+1) v

hMlom 12

| a1

—
-
=
Fa

2 Th

Tarmant

Ex. 10.1.18 R [ APq ET CX

d 2
Find a% , if y=cos™ x

|ZISo|n. :Given, y = cos?x
Differentiate w.r. to x we get
dy

d 2
dx = dx (cos x)

d
Iy (cos x)?

d d
a% = Ix (cos x)?

By derivative of composite function,

dy

= 2 (cosx)*~! 4 (cos x)
dx 7 dx

H_/

— sinx

= 2 (cosX)' (-sinx)

= —2¢0s X sinx
-
sin2x
= —sin 2x
d
a% = —sin2x v ...Ans.

Ex. 10.1.19 B2 ["APR ' ETq X

d
Find - . if y =sin’x

M soln. :Given, y = sin®x = y = (sinx)?

Differentiate w.r. to x on both sides we get

L d d
5 a% = I (sinx)’
3 By derivative of composite function
d . a4d .
g a% = 3 (sinx)*~* ax (sinx)
= H_/
B cos x
B = 3 (sinx)? cos x
= sin’x
d
g E¥ = 3sin’xcosx v ...Ans.
v

= Ex. 10.1.20 KT NPRTET oY
:FindgX if y =2"+ cos 3x

X
L}
) M soin. :

|~ Given, y = 2X + cos3x .. (1)

[

=t

X

a cos ax

Differentiate w.r. to x on both sides we get
dy d

dx = dx [2¥ + cos 3x]

s

dy ~d  d
dx _dx2 + 3 cos 3x

‘—v—’%(—’d

2*log2 (-sin 3x) o 3

I'Cll":j

d
{ .'.5axzaxlog a, Herea=2 and Ix (cos ax)

d
:(—sinax)~$(ax), Here a=3 }

d . d d
a% = 2*log 2 + (- sin 3x) M (Bx) L E(ax) =a
\_Y_/
3
d
a% = 2¥log2 - sin3x-3
-3 sin 3x
d
E% = 2*log2 —-3sin3x v ...Ans.
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Basic Mathematics (MSBTE)

(Derivatives) ...Pg. No. (10-7)

Ex. 10.1.21 NIENPFITETS

d
Find fxi if y = tan (4 3x)

M soin. : Given, y = tan (4 -3x)
Differentiate both sides w.r. to x we get

d d
Ix Y = gy [tan (4-3x)] (D)

We have, % tan [ f(x) ] = sec? f(x) [ % f(x) ]

d d
- Equation (1) > 37y = sec? (4 - 3x) I 4-3%)

H_/
d d

54—a3x
" Here f(x) =4 -3x

d d d
a% = sec2(4—3x)[& 4-3x 3x}

S

0 3

=> Using linearity property of derivative
d d d
- [f(x) + g(x)] = Ix f(x) + Ix g(x)

. dy = sec? (4 -3x) (0-3) =sec?(4-3x) (-3)

dy
Sl €% (cos 2x (2)) + sin 2x [ (3)]
= 2e¥ cos 2x + 3 e sin 2x ... Rearranging
= e*[2cos 2x + 3 sin 2x | . taking common e*
dy
Cdx S e>[2cos2x+3sin2x]v ...Ans.
Ex. 10.1.23 RIEAA[APRETL CR

x . .d
Ify= e’ cos 7x, fmda%

M soin. : y = e’ cos 7x;
Differentiate both sides w.r.t. x, we get

d d d

a% = e’x I oS 7X + cos 7x &e”
H_/ \ )]
—sin 7x.7 e .7

=> Using Derivative of standard function :
d . d
| gxCosax = (-sinax) - (a) and xer=e-a
dy

ax = e (—sin7x) -7 + cos 7x €’X- 7

Taking common (7 ”),

dx
= —3sec?(4-3x) ... Rearranging terms
Cdy 2
- dx = ~3sec @-3x v ...Ans.
Ex. 10.1.22 RIEA N [P T4 CR
. ﬂ q 3x .
Find o ify =e” sin 2x
M soln. : Given: y = e sin 2x
Differentiate both sides w.r.t. x we get
dy d
T = Ix [ sin 2x] ... (1

H_J

a(u -v) form

d d

d
=> Using product rule [ &(u- v) = U V+Y g u]

Equation (1) becomes,

dy d d
= e T (80 2x) + sin 2x 3= ()
d d
cos 2x - (2x) e3"a (3x)

. ﬂ 3x i : 3x i
© dx e | cos 2x ax (2x) | + sin2x| e ax (3x)

2 3
... By derivative of composite function

d
H% = 7e”™ (-sin 7x + cos 7x) v’ ...Ans.
Ex. 10.1.24 NIPTIEPITESY

S 4x . o Qx
Ify=e" cos 3x find dx
MSoIn. : Given :
Differentiate w.r.t X, it gives

d d
aii = 5[e4X cos 3x]

H_J

Iy (U - ©) form

y = e cos 3x

=> Using product rule of derivative

d dv du
&(u-v): u- gtV gx

Here, u = e* and v= cos3x

d d
= e a [cos 3x]+ cos 3x o [e*]...(by product rule)
— —

—sin 3x 4 e

d d
= e¥ |:— sin 3x 3¢ (3x):| + cos 3x e¥ @)

3 4
...(by derivative of composite function)
e [-sin 3x (3)] + cos 4x e** (4)

— 3 e*sin 3x + 4 e**cos 4x

= e (-3sin 3x + cos 3x) v ...Ans.
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Basic Mathematics (MSBTE)

(Derivatives) ...Pg. No. (10-8)

Ex. 10.1.25 NIRRT

d
If y = log [ sin (4x — 3) ] find S~

dx
M soln. :
Given: y = logsin (4x-23)
Differentiate both sides w.r.t. x, it gives,
dy d .
ax = dx [log sin (4x - 3)]

=>» Using derivative of composite function

4 1 d
|: dx log f(x) = f(x) dx f(x) ]
Here, f(x)=sin (4x —3)

1

d
m- &[Sin (4x - 3)] .. (D

Here, f(x) = sin (4x-3)

d d
Now we have, ax sin (4x —3) = cos (4x - 3) ax (4x - 3)

... [by composite function derivative
- Equation (1) becomes

1 d
= m cos(4x — 3) Ix (4x-3)
A\ J H—I
- d o d
cot (4x-3) T ) -2 3)
H_/
4-0

...[by standard derivatives]

dy
dx

4 cot (@x-3) vV ...Ans

Ex. 10.1.26 RZ{ (VST (ARl ETyCH

d
Find H% , if y=1log (sec x + tan x)

Soln. :

Given, y =log (sec x + tan x)

Differentiate both sides w.r. to x, we get
d d
a% = &[log (sec x + tan x) |

1 d
T (secx+tanx) dx (sec x + tan x)

"." By derivative of composite function

d 1 d
& 08 [f9] = o 3¢ [109]

o dy ;[i 4 ]
©dx T (secx+tanx) dx SeC X+ gy tan x
secxtanx sec®x
d 1
. a% = m[secxtanx+sec2x]
sec x

= ecx + tanx [ tan x + sec x |

... Taking sec x common

dy sec X
B = JEELL
....Rearranging Terms
d
o E% = secx v ...Ans.

SRR Wya W-2007, W-2010, W-2012, 2 Marks.
Find %

, if y:log(x2+2x+5)

|Zl Soln. :

Given vy = log (x*+2x +5)
Differentiate both sides w.r. to x we get
d d
a% = &[log(x2+2x+5)]

=> Using derivative of composite formula

d 1 d
[& log f(x) = ) &f(x):|

! d (X% +2x + 5)
- 7. X X
X2+ 2x + 5 dx

=> Using linearity property of derivative

d d d
-~-[5(f(><) +8(¥) = gy f)+ 3¢ g(X)}

by 1 fd, d d
dx T 24945 dx X tax X+dx5
2x 2 0
dy ! [2x +2+0] By derivati 1t
— = X+ 2+ erivative resu
dx X2 +2x+5 Y
dy 1 2x+2]
- = X +
dx X2 +2x+5
2(x+1) .
= —— ... Taking 2 common
X2 +2x+5
dy 20x + 1
d_ = &\/ ...Ans.
X X2 +2x+5

Ex. 10.1.28 NG APy [ET4 R

E,ify =log (x2 + 2x)

|Zl Soln. :

Given,y = log (x> + 2x)

Differentiate both sides w.r.t. x we get

dy g ,
Frl &[log (x* + 2x)]
1 d
- x2+2x$(xz+2X)

=> Using derivative of composite function

d 1 d
. [ &logf(x)zm&f(x)]
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Basic Mathematics (MSBTE) (Derivatives) ...Pg. No. (10-9)

) 2 1 |: d . 4 } Equation (1) becomes
Cdx T 2o dx 09+ g (@9 L] _2tan®
= n -
2' 2' Y 1 - (tan 0)?
x
2tan 0
d d d = tan’! | ———— " (tan 0)? = tan?0
e = [0 + 001 = g £X) + 3 8(%) n [uWeJ (tan 6= tan
dy 1 Y
.37 = [2x + 2] sin26
dx X% + 2x
’ 1 " By formula
= ﬁ ... on simplification y = tan™! (sin 26) tan 26 — 2tanf
— 1 - tan?
gy 2xsp »0 and
dx = x(x+2) ....Ans.
y = 20 " sin!(sin0) =0
Ex. 10.1.29 RUEA APy [ ET5CR y = 2tan'x ....By Equation (2)

o . . 1
Differentiate sin ~ (cos X) W.r.t X

|Zl Soln. :

Consider, y = sin™!(cosx) e ()

Now differentiate both sides w.r.t. x we get

dy d
T S I [2tan1x]

"By transformation formula, we have d d
. (n ) => Using derivative property |: ax kf(x) =k ax f(x) :|
cosx = sin{y-
d 1
~.Equation (1) becomesy = sin |:sin (E - x)] =2 dx X
2 H_I
Y 1
o 2
. 1+x
Ly =5 =X " osin!(sin@) = dy 1
— Frl T ... by derivative result
7]
Now differentiate both sides w.r.t. x we get ﬂ 2
x = v ...Ans.
X 1+x2

&y dfm
dx ~ dx|:2_x]

=> Using linearity property of derivative

S AR RIN \W-2014, 4 Marks.

. 5
Differentiate tan” ( 2 2\) W.I.t X
1 - 6x

d d d
| S0 + 800 1= 3 0 + 3o 800 |

Soln
d d 5
= g) - a(x) Consider, y = tan’ (1 —X6x2) ()
— ——
0 1 _Sx+2x o Bx=3x 42

dy 1-(3x) (2x) o X E XA X
ax - 0-1 and 6x2= (3 x2) (x-x)=(3x) (2x)

_1 . Equation (1) becomes

3x + 2x

: o [
o = 17 ...Ans. y = ftant|7T (3x) (2x)

=> Using trigonometric formula

|: tan! (2L = tan-ix + tan’lyJ
1-xy

Ex. 10.1.30 KR rar- Ykl A

- . - 2x
Differentiate w.r.t. x tan”" ( : 3)
-X

™ soin. - Here x = 3x, y = 2x
o y = tan!(3x) + tan"! (2x)
Consider, y = tan’! (1 ~ xz) (1) Now differentiate both side w.r.t. x, we get,
dy 4
Put x = tan© o " dx [tan~1(3x) + tan~! (2x)]
= 0 = tan'x ... (2
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Basic Mathematics (MSBTE) (Derivatives) ...Pg. No. (10-10)

=>» Using linearity property of derivitive ﬂ _ d (ﬁ)
[ 1600+ 500 1= 5709 + 35 869 | v
| T +8() 1= 37f(x) + 37 g(x d d
q dx 4 dx dx => Using derivative property |: ax kf(x) =k Ix f(x) ]
= &tan‘1(3x) +&’can‘1 (2x) 1d
= 2dx (x)
=> Using derivative of composite function —
1
d 1 d
[ I tan [0 | =——— _f(X)] dy 1 1
dx 2 dx L2 _ 1 _ =
. 1+ [f()] Y =3 (1)=73
y 1 d 1 d d
o = - 3.0+ -2 y 1
dx 1+ (3x)?2 ax ) 1+ (2x)? ax () Y Ak =2 v ...Ans.
3 2 dy 1 2%
Ex.10.1.33: Find z_ify=tan |—
dy 1 (31— .1 dx 1+8x”
dx 714 3x]? 1+ [2x]? M soln. -
- 2x
9x* 4’ Given : y = tan’! (—) (D
dy 3 2 1 1+ 8X2
el S+ X v ...Ans.
1+ 9x 1+ 4x 4x —2x

1+ (4x) (2x)

SRR PN W-2008, 4 Marks, W-2011, 2 Marks.|

©2x = 4x-2x and 8x2=(4x2)(x-x)=4x(2x)
dy 1 sin X
Finda, if y = tan (—>

(el => Using trigonometric formula

M soln. : B
sin x [ tan™ (—le " ) = tanIx — tan‘ly}
L _ 4 (smXx Xy
Given : y = tan ( ) ..o
1+ cos x Equation (1) becomes,

4x -2
Now, we have by half angle formula tan-! |: X — 2X J - tan! (4x) — tan"! (2x)

. e X X y = 1+ (4x) (20)
Sinx = 2Smnjcosy y = tan™!(4x) - tan!(2x)
and 1+cosx = 2 coszg Now differentiate both sides w.r.t X, we get

d
" Equation (1) becomes, Ix T dx [tan™! (4x) - tan™! (2x)]

X X
] 2/ siny CQéE => Using linearity property of derivative
y =tan™| ——_

,ZX i f _ i f i
2 cos’y | 3 100+ 800 1 =5, x) +3¢ g(x)
d d
sin% = I tan™! (4x) — o tan! (2x)
sy = tan’!
COS% > Using formula : [ itam‘l [ £(x) ] —;if(x)}
oL dx 1+ [f)]2 dx
H_I
x dy d 1 d 1 d
tan - _ Y = - =
2 . dx 7 odx g4 (4x)2 dx (4x) - 1+ (2x) dx (2%)
3 aly X sinx ‘
y = tan an | cosx = fanx 1 )
Y dy 1 1
X = - > 4 - 2 .. (2)
2 1+ (4x) 1+ (2x)
X [ tantan 6)=0 ] dy 4 2
=75 . tan7!(tan 0) = - = -
y =2 A T 1h P 14 (@12
Differentiate both sides w.r.t x we get, - -
16x? 452
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Basic Mathematics (MSBTE)

(Derivatives) ...Pg. No. (10-11)

dy 4 2 y = 30 " sin”! (sin 30) = 0
C X S T L v ...Ans. ) )
X 1+16x> 1+ 4x° y = 3sinlx ... by Equation (2)
Now differentiate both sides w.r.t x we get,
Ex. 10.1.34 B2 AR ETS CR dy d
Differentiate w.r.t x tan " ( IX 2) Ix T dx (3sin7'x)
— 5%

|Zl Soln. :

Consider, vy

X
tan™l| —/—
=)
Put x = sin6
50 = sinlx
Equation (1) becomes

H_I

d
3x (sin"'x)

Q)

d d
=> Using derivative property I: ax kf(x) = k& f(x) ]

o)

d .5
3 dx (sin~1x)

tanl( sin 6 )
y = [ra——
! -sin® ....by formula
;Y_/ A '1 _ xZ
ot &
S - =
= tan’! * 1-sin?0 = cos?0 dx 1-x?
Y (\[coszej -
dy 3
Y Frl - v ...Ans.
cos 6 1-x
y = tan—1|:51ne } ARV R MR IR Y \-2008, 4 Marks, W-2011, 2 Marks.
cos 0 dy
. c 2 2
y = tan (tan 0) Find G- if X" +y" =25
=0 " tan! (tan 0) =
y - an (an. ) |Zl$o|n. :
. . y = s.m X . By Equation (2) Given: x2+y2=25
D1fferent1at§ both sides wr.t x we get, Differentiate both sides w.r.t x we get,
Y d d
L il
dx ~ dx [sin”'x] dx bE+y? = dx (25)
\ll_xz => Using linearity property of derivative
1-
d d d
dy .y | 30 L) + 800 1= 37 )+ 8(0)
x = ...Ans.
X 1- X2 d d 2
Xty = 0
Ex. 10.1.35 BR2A LR ETS CR \_Y_l \—Y—l
d d
. . 3 . y
Ify = sin"' (3x - 4x"), find - 2 2y
M solin. : dy L .
) ) 2x+2y-3c = 0 ... [byderivative of standard function]
Given, y = sin(3x-4x%) . (1) X
Put, x = sinB

= 6 = sinx
Now putting value of x in Equation (1), we get
y = sin(3sin6-4 (sind)3)
)

sin®6
sin™! [ 3 sin 0 — 4 sin®0 ]

| —;
sin 360

. . " By formula
= sin”!(sin 30)

H_/

36

~<
|

sin 30 = 3 sin 0 — 4 sin’0

... Taking 2 common

dy
X+y gy =0 ... Asmx=0=>x=0 Herem=2
dy
Yax = ~X ... Shifting x towards right
dy -
Frl 7)( v ... dividebyy ...Ans.

ISR kY4 S-2008, S-2013,S-2015, 4 Marks.
d

2 2 q y
If (X +y):xy,f|nd&
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Basic Mathematics (MSBTE)

IZI Soln. :

Given: (xX®+y?) = xy

Differentiate w.r.t.x we get

d d
L CHy) = i (k) ()
d d
2 ) + g0l o [u -0l definition of product rule

=>» Using linearity property of derivative on L.H.S.

d d d
e 1509+ 509 1= 109 455 800 |

=> Using product rule of derivative on R.H.S.

d d d
&[u-v]=u$v+vau

~.Equation (1) becomes,

d , d, d d
TR T XYY ax X
dy dy
2x 2y ax ax 1
dy dy
52X+ 2y - X Ty (@
. [by derivative of standard function,
dy ~dy
L2y G X ax TV -2 . Rearrange terms
dy
Cy=0gy
dy
S 2y-xg = 29
dy_y-
dx "2y -x ...Ans.

. _ _X
Divideby 2y-x) or As ax =y = a= »

(Derivatives) ...Pg. No. (10-12)
dy r 4 d dy
XAy T X Y T Y i X | ax =0
H_/
By product rule
dy dy dy
242y o x gty (D - =0  ..Onsimplification
dy dy dy
2y oo x T X ax " adx - -2x-y (1)

dy
|: Collecting terms of 7 o on LHS and remaining on RHS]

dy
SRy +x-1)737 ax =~ 2x+y) ...on simplification
Ay &y [ i Y o @J
x - 2y +x-1) 109 dx =fly) = dx T f(x)
d

y
Now put x =1and y =2 as we have to find O at 1,2)

dy 2w +2]
& 2@ wx A]
—
4
-[2+2] -4
T [4+0] T 4
\_'_I
-1

...Ans.

Ex. 10.1.38 RTPTIPHPIVEITSY

2 2 y
Ifx"+y +xy—-y=0, findxat (1,2)

IZI Soln.

Differentiate both sides w.r.t. x we get

: Given: x2+yr+xy-y =0

d 2 L2
a[x +y*+xy-y] =0
=>» Using linearity property of derivative

[ 100 + 800 1= o ) 45 g0 ]

d,d , d &
dx X +dxy+dx(xy)_dx =0
W

dy
2x Zyd—x

.W-09,2 Marks, S-11,W-11,W-08, W-12, 4 Marks.

dy 3a 3
Ifx +y =3 axy, hnd— at point K 2d

Soln. : Given: x3 +y3=3 axy

Differentiate both sides w.r.t x we get
d 3.3 d
&(x +y’) = 5(3axy)
=> Using linearity property of derivative on L.H.S.

d d d
. [ 3 [0 +g0] = 3 00 + 3 g(x)}

=>» Using derivative property on R.H.S.

[ %kf(x) = k%f(x)}

Here, k =3a
d
dx dx Y = 3a dx (xy)
d 5 d
X TRy = 3a& (xy) (1)
—
dy
2 27
3x 3V ix
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(Derivatives) ...Pg. No. (10-13)

d d
Now we have, &x“:nxr‘*1 : &x3:3x3*1 =3x2

d dy
Similarly, &y3 = SyZE

Also by derivative of product rule,
d dy dx

d d
ax XY) = XHYFTY X =X g Y ax

. Equation (1) becomes,

. [ A d_}
3x* + 3y dx =3a Xax Y dx
‘_Y_’
1
dy dy
= 3+3y*g. =3a|:xa+y}
dy dy
= 3¢+3y*g = Bax g +3ay
dy dy

N 3}723 —3ax v 3ay - 3x2 ...Rearranging term

dy
= (3y?>-3ax) T = 3ay- 3x?
dy  3ay-3x2
= Frl 2ay - ox ....on simplification
X 3y? - 3ax
_ 3ay-x3)
3(y? - ax)
Y @y-¥) @
dx ~ (yz —ax) C

Now at point )

Equation (2) becomes,

o G-
G-

Le.atx=7" and y=7

dx/ (3a3a 3a)2 (3a
2:2 7 —a 7
—2 - 4 . luf. .
= 922 3a ... on simplification
4 =2
3 9
#(-7
= taking a?common
2.3
x 472
3x2 9 629
(ﬂ) 4 4 K 3
“dx (3_a3_a =9 3x279-6-3 ~ 1
272 474 P
o
“dx. (23_;1 = -1 ...Ans.
222

Ex. 10.1.40 S A MR ET CH
dy sin"(a+y)

If sin y = x sin (a + y) show that e

sin a
M soin. :
Given: siny=xsin (a+y)
_ siny
~ sin(a+y)
Differentiate w. r to y we get
dx d siny
dy ~ dy [ sin(a+y)
d(u
d_y (;) from
=> Using Quotient rule of derivative :
4 4
d(u v dy u-u dy Y
dy (V) = V2

withu =sinyand v =sin (a +y)

: d . ood
dx sin (a +y) d_y smy—smyd—ysm(a+y)
- S =

dy [sin (a +y)']?
L4
" dy siny =cosy
d .
and d—ysm(a+y):cos(a+y)
dx  sin(a+y)cosy-sinycos(a+y)
Tdy © sin? (a +y)
" sin (A —B) =sin A cos B-cos A sin B
HereA=a+yandB=y
dx ~ sin[(a+ ¥ - ¥)I
dy ~ sin? (a +y)
dx sin a implificati
dy = S Gty @+y) ... on simplification
1 1 Reci 1 fdx
= N — T _—
( dx ) S a eciprocal o dy
dy sin? (a +y)
dy _siey f 1 x
dx ~ sin a T a/xT a v ---Ans.

Ex. 10.1.41 B0 RV ET G

cot X

Diff (tan x)* ~ w.r. to X
M soln. :
Consider, y = (tan x)®©tx . (D)

Taking log on both sides, we get
logy = log (tan x)®°t*
=>» Using property of logarithm ...[log a™=mlog a]

logy = cotx|[log (tanx) ]
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Basic Mathematics (MSBTE)

(Derivatives) ...Pg. No. (10-14)

Differentiate both sides w.r.to x, we get,

d d
&log Y = Ix { cotx [log tan x] }

—
%(u -v) form

= Using product rule of derivative :

d d d
| @ W EUGRVEVY g U
Here u = cot x,v=log tan x

d d d
" Ix logy = cotx Ix [log tan x] + log tan x Ix (cot x)

Taking log on both sides, we get
logy = logx¥
ylogx
=> Using property of logarithm ...[loga™=mloga]
s logy = ylogx
Now differential both sides w. r to x we get

d d
Ix logy = &[ylogx]

d
ix (u.v) form
=> Using product rule of derivative :

d 4 4
. dX(u.V)=udXV+Vqu

d d d
xlogy =y gylogx+logxgy
—— ——
1dy 1
y dx x
% %% =y %+logx%¥ ... by derivative rule

dy
collecting terms of ‘3.-on LHS
X

...on simplification

(S — —
1dy 1 (a .
y dx fan x ( I tan x) (- cosec’x)
1d 1 d :
_ ; a% = cotx i~ (& tan x) + log tan x (- cosec?x)
sec’x ...By derivative resul
1dy 2 2
dx = ot x = sec’x - cosec’x log tan x
B S
cot x cos? x = 1" cosx_ Secx
1 d
T HX = cotx-cotx —— - cosec’x log tan x
y ax cos? x
H_/
cot’x
1d 1
"y a% = cot’x o X cosec?x log tan x
\_y_l
cos’x
sin’ x
1 dy cofx 1 ,
"y dx " simx —co,szx — cosec*x log tan x
. _ oS x
Socotx = sin
ldy __1 2
©Y dx T simx o C0seCX log tan x
\w_l
= cosec’x — cosec’x log tan x
= cosec’x [ 1-logtan x ]
... Taking cosec?x common
1dy 2
y dx = cosec’x [1 —log tan x]
dy >
dx = Y [cosec’ (1 -log tan x)]
d
ai = (tan x)°**[ cosec’x (1-logtanx)] v ...Ans.
dy 2
Ex. 10.1.42 : Find if y = x’, prove that dx =X —ylogx)
M soin. :
Given : y = x¥ (D

y__ vy

dx x 1-ylogx

dy ¥y

dx = x(-ylog» v ...Ans.
Ex. 10.1.43 IR0 R4 ET ¢
If y = (sin x)' %, find%‘;\f
|Zl Soln. :
Given : y = (sinx)!8x .. (D

Taking log on both sides we get

logy = log (sin x)°8*
——
log x log (sin x)

=>» Using property of logarithm : ...[log a™=mlog a]

- logy = logxlog (sin x)
Now differentiate both sides w. r to x we get
d d .
ax1ogy = gxllogxlogsinx]
\_Y_I %(_J

1d d
;a% I (u. v) form
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(Derivatives) ...Pg. No. (10-15)

=>» Using product rule of derivative :

4 .4 d
dXU'V—udXV-I- deu

Lldy _oodo o d
Yy dx T og X dX(0gsmx)+ og sin x 3~ log x
——
1 d .
SinxdxSnX 1/x
1 d 1
. ; a% = logx -~ gy sinx +log sin x
——
cos x
...[by derivative rule]
1d 1
;a% = logx g cos x +logsinx -
—
cot x
1dy 1 .
;dx = cotx-logx+7-logsin x
d 1
a% = y[cotx-logx+;logsinx}

d 1
E% = (sin x)l"g"[ cot x - log x +7 log sin x] v ...Ans

Ex. 10.1.44 B[R ET CX

Differentiate (log x)" Y, W.r. to X

IZI Soln. :

Consider
Taking log on both sides we get

logy = log [(log x)sin*]

sin x log (log x)

=>» Using property of logarithm : ...[log a™ = m log a]
= logy = sinxlog (log x)

Differentiate both sides w. r. to x we get

d d
xlogy = gxIsinxlog (logx)]

— ~~ g
1d d
;EZ It (u. v) form
1d . d d
3 a% = sinx g [log (log )] + log (log x) g, sin x
~— H_l
1 d
log p E (log x) cos x
1d : d
Y@ = SN oy (08 X) +log (log X) - cos x
——
1 o
© - [by derivative rule]
1 d .
Ty & - Sin X oo x T 108 (log x) cos x
sin x
= Xlog x * €05 X log (log x)

y = (log x)sinx .. (D

1 -
EZ_ =y |: Xsllggxx + cos x log (log x)}
d . i
a% = (log x)*i xl: Xsll:gxx + cos x log (log x):| v ...Ans.
Ex. 10.1.45 SPNIFPATETSY
If x=asectandy=b tan t then ﬁnd%.
M Soln. :
Given: x=asect
y=btant
x=asect y=btant
Differentiate both sides | Differentiate  both  sides
w.r.t. t, w.r.t.t,
dx d dy d

dt —dt (asect) dt = dt (b tan t)

=> Using property of => Using property of

derivative

d d
...[&[kf(x)]:k&f(x)}

derivative

4 d
[ k()] =kdxf(x):|

dx d d
E—adt(sect) a%:ba(tant)
d d
" d—)t(:a(sect tant) ...(1) | .. a%:b(seczt) ...(2)
dy
d dt
We know, 3-="g [by derivative of parametric functions]
dt
Substitute values from Equations (1) and (2), we get,
dy _bsec’t
dx ~ asecttant
dy  bsect
dx T atant
b— 2
_ _cost b 1 cof t ..E_E d
T sint 7 cpdt asint 'g_bxc
A cos t d
_ b1
T a  sint
dy __b dy _ _)
dx = asint OR dx = |5 )cosect v ...Ans.

S o RN S-2012, W-2013, W-2015, 4 Marks.

If x =3 cos O — 2 cos 0, y = 3 sinf — 2 sin’0
coody o T

find dx dt6—4

MSoln. :

Step1:

Given: x=3cos0-2cos’0

Differentiate both sides w.r.t. 6, we get
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dx  d

a0 = do ——[3 cos 6 —2 cos® 0]

=>» Using linearity property of derivative
d d
[af(x)+bg(x)]—a f(x)+b g(x)
d d 5
= 3£(cos 9)—2%(cos 0)
=> Using derivative of standard function

...[5cosx=—sin x,acos“x =ncos"! xd—cos x}

dx .
I =3 (-sin0) -2 |:3 cos?0 -~ ~ (cos 9)j|
dx . .
Fr 3'sin 0 — 2 [3 cos?0 (- sin 0)]
dx . .
® - —~3sin 0+ 6 cos?0 sin O
...from RHS, common out (- 3 sinB) term we get,
j—)e( = —3sin 0 [1 —2cos?0] (1

Step 11 :

y = 3sin0-2sin’ (given)

Differentiate both sides w.r.t. 0,

d d

& = g[3sin6-2sin’6]
=> Using linearity property of derivative

d
[ [af(x)+bg(x)]—a f(x)+bd g (x)

a . a4 s
= 3de (sin 0) 2d9 (sin® 0)
=> Using derivative of standard function

L . _ e e son-ly . — o
|: delnX—COSX,dXSII’IX—nSIH X dXSIIIX:|

d d
a% 3cos0-2 [3 smze - (sm 6):|

d
ag 3 cos 0 —2 [3 sin%0 (cos 0)]

3 cos 0 — 6 sin%0 cos 0
Common out from RHS (3 cos 0) terms, we get

d
<5 = 3cos0(1-2sin%) )
dy
dy do
Step III : We know, a% = E
de

[by derivative of parametric functions]
Substitute values from Equations (1) and (2), we get

dy 3 cos 0 (1 -2 sin%0)
dx ~ - ¥sin 8 (1-2cos?)
___cos 0 (1-2sin’0)
" —sin 0 [- (2 cos?0 - 1)]

= Using standard trigonometric formulae

[ €0s 20 =2 cos?0 -1 }
L and cos 20 =1 — 2 sin%0

__cos 0 (ces20)
T —sin 0 (—cos26)
_ cosb
" +sin6
d
_ E¥ = cot® ...(3)
StepIV:
T
At 6 = 7

ie. Putf= m Equation (3)

d
(a%) n = cos(%)z 1
0=%
=> Using standard trigonometric value ...[ cos % =1]
...Ans.

. (Y _
) (dX>e=f =1

Ex. 10.1.47 NIEEFAITETS

Find %‘Eifx =4 sin 30, y =4 cos 60.

|Z[ Soln. :

Given: x= 4sin30

Differentiate w.r.t 0,
dx
do

=> Using derivative of function :

d .
=30 [4 sin 30]

d . d
&smax:cosax-&(ax)

d
= 4cos 36 - T (30) =4 cos 36 (3)
dx
10 = 12 cos 30 (1)
Now, y = 4cos 66

Differentiate w.r.t 0,

d d
E% = d—e(4cos69)

d d
= 4 @(cos 60) = 4[-sin 66]@(66)

H_/ \W—I
—sin 66 6
= —4sin 60 - (6)
d
b = ~24sin6p 2
We know,
dy
dy de o . .
ax = dx ...(by derivative of parametric functions)
de

...[ Substitute values from Equations (1) and (2) | we get,
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= 24 sin 60
12 cos 30
dy _ = 2 sin 60
dx ~ cos30 - Ans,

Ex. 10.1.48 RIS [-APR IE14,CR

d
Find §&.1fx =3 sin 40, y = 4 cos 30

Soln.: x=3sin46, y =4 cos 360
Differentiate both sides w.r.t. x we get,

dx d . dy d
®°- a0 (3 sin 40) 30 = d6 (4 cos 30)
dx d . dy d
£=3£(sm4e) a0 =4E cos 30
= d
3 (cos 460) (4) a% ~ 4(-sin30) (3)

=> Using linearity property of derivative :

d d d |
L a1+ 00 = a5 (100) +big (80)

dx

a0 - 12 cos 460 (1
% = —12sin 30 ...(2)
dy
dy _ do
dx — dx
de

Substituting values from Equations (1) and (2),

- ,{2 sin 30
]é cos 40
dy  -—sin36
dx = cos40 ~-Ans.

IS an VRl \W-2007, W-2011, W-2012, 4 Marks.

d
Find a';é, if x=a(cost+tsint)and y=a (sin t—t cos t).

|Zl Soln. :

Step1:

Given : X = a(cost+tsint)
Differentiate both sides, w.r. to t,

dx d .
Frl a[a (cost + tsin t)]

=> Using linearity property of derivative
d d d
[& [af(x)+bg(X)]= a&f (x) +b&g (x):|
d d .
= a a(cos t) +a(tsmt)

=>» Using product rule of derivative

[for IInd term of RHS]

d dv du
&(uv):u-&+v&

d d | . d
=a a(cost) + t-a(smt)+smt-a(t)
=> Using derivative of standard function

...[%(cost)=—sint;%(t)=1}

dx . .
G = A [(=sint) + (tcos t + (1) sin t)]

= a[-sifi t+tcost+sift]

...(by simplification)
dx
FTER [t cos t]
dx
wgp T atcost ..(1)
Step I :
y = a(sint—tcost) (given)

Differentiate both sides w.r.t. t,

d d

a% = a[a (sin t -t cos t)]
=> Using linearity property of derivative

d d d
&[af(x) +bg (x)] =a&f(x)+b&g(x)
d . d
= ayg (sin t) -3t (tcost)

=> Using product rule of derivative

ot rormm: Ly g dYdu
or IInd term: dx (uv)—u-dx+vdX

a{(cost)— [t (-sint) + (1) cos t]}

a[cds t+tsint—gast]

(by simplification)

d
g a% = a(tsint)
d
a% = atsint ..(2)
Step II1 :
dy
d dt
We know, E% = E
dt

[by derivative of parametric functions]
Substitute values from Equations (1) and (2), we get,

dy  atsift
dx ~ atcost
d
aﬁ = tant v ...Ans.
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S e RKN \W-2008, S-2010, S-2011, W-2015, 4 Marks.

d
Ifx=a®+sinH),y=a(l —cos&))finda)xi

M soln. :
Step1:
Given : X = a(0+sin0)
Differentiate both sides w.r. to 6,
dx d .
Fr T [a (6 + sin B)].

=> Using linearity property of derivative

[ 4
| I
d d .
= a[@(9)+£(sm9):|
dx
0 "2 (1 + cos 0)
Step I :
y = a(l-cos0)
Differentiate both sides w.r. to 6,
d d
ag = %[a(l—cose)]

=> Using linearity property of derivative

[i
| %

= a[%(l)— %(COSG)}

d d
(a6 +b g ] = a3 ) + b3 g |

(1)

d d
[af(x)+bg(x)]=a5 f(x)+b& g(x)i|

.(2)

[Derivative of parametric functions

d
a% = a[0-(-sin0)]
d
ag = asin®
Step I11 :
dy
dy do
We know, dx ~ dx
de
Substitute values from Equations (1) and (2), we get,
dy ~ A sin®
dx Z (1 +cos 6)
dy _sin
dx = 1+cos9

=> Using standard trigonometric formulae

)
[ half angle formulae sin 6 = 2 sin 7 - cos 5

1+cosH

an

2

0
= cos? (

2

)]

zan(Deos(®) an(2)

av _
Note that, ax =

tan (g) v

2 cos? (%) cos (%)

...Ans.

SELRRIN. S-2008, W-2009, S-2013, W-2014, 4 Marks.

Find%, ifx=a(®-sin0),y=a(l—cos0).

dx
de

.

dy

de

.

Also find SF At =2
dx 4
M soln. :
Step1:
Given : X = a(6-sin0)

Differentiate both sides w.r.t. 0,

d .
= 30 [a (B—sin 0)]
=> Using linearity property of derivative
d d d
|: ax [af(x)+bg(x)] = a3x f(x) +b& g(x):|

4 . d . }
a0 6) - a0 (sin 0)
— ——

1 cos @
dx
0 = a[l-cos0] ..(1)
Step II :
Also, y = a(l-cosb) (given)

Differentiate both sides w.r.t. 0,
d
H [a (1 -cos 0)]

Using linearity property of derivative

d d d
I: Ix [af(x)+bg(x)] = agy f(x)+b$ g(x):|

d. . 4 ]
a0 1) - q0 s 0
——

1 cos 6
d
& = a0 (-sinb))
d
a% = asin® ...(2)
Step I11 :
dy
dy d6 o . .
We know, dx = dx [Derivative of parametric functions]
d6

Substitute values

from Equations (1) and (2), we get,
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QX A4sin 0
“dx T a(1-cos8)
] dy _ sin O
dx T 1-cos9 -(3)

= Using standard trigonometric formulae

‘ (8 8
I: Half angle formulae sin 6 = 2 sin (2> cos (2)

1- 0
and% =sin? (%) }

d Z sin (% cos <%> Ccos (%)

Note this, dx = . 0 =" 79
2 sin? 2 sin| 5

dy _ Q)

dx ~ COt(Z
Step IV :

From Equation (3),
dy sin 0

dx = 1-cosO

Differentiate again w.r.to X, it gives,

d?y d(sinG)
1

dx2 ~ dx \I1-cos@

=> Using Quotient rule of derivative
du dv

[&(x V'3¥‘“'5§}
J5®)- .
[ with u = sin 6 and V=1—cose]

d d
(1 - cosb) Ix (sinB) — sin 6 ax (1 -cos 6)
(1 - cos0)?

(by quotient rule

=> Using derivative and composite function

d d do
[ ax f(e):E f(e)-a}

e . , de
(1 -cos B)(cos 6) g —sinb (0 - (-sin 0)) - =

B (1 - cos0)?
simplify and common
do
out ax from numerator of R.H.S.
_ | cosB-cos?0-sin?0 | dO  cos® —[cos?0 +sin?0] _ 1
B (1 - cos 0)? dx ~ (1 - cosB)? (ﬁ)
do

Substitute value from Equation (1),

= Using standard trigonometric formulae

...[sin?0 +cos?0=1]

cosQZ 1 1
= (1-cosh)? a(l —ﬂ{se)

—[1 - cos0] 1
(1 -cos0)? * a(1 - cosb)

d’y -1
dx® ~ a(l-cos0)?

StepV: At 0= % ,le.put®= % in Equation (3),

! i (E)
(d) sin ( 7

TC =
dx 0=% 1—cos<%>

= Using standard trigonometric value
[ . (E)_L d (E)_L]
sm4—\/§ancos4—\/§

N R R

-5 i 3% TN \2-1T 21

(@) , -
dx)o-T = 31

(V2)
(2 2 o
a(\2-1)2 a[2-242+1] a[3-242]

(ﬂ) _ _—2 v
dx? 9=§ - a[S—Z\IE]

(dZ ) B 1 B -1 B -1
S A = =
dx?)0 =} a(l—cos%)z a(l—éy a(2-1)’

...Ans.

Ex. 10.1.52 B2 [V R ET{ CX

om g o =1l 2X | 1 — X2
Differentiate sin > | w.r.t. cos S
I +x 1 +x°

|Zl Soln. :
StepI:
. . 2x
Consider, y = sin™!
1+ x2

1-x2
and z= cos!
1+x2

By observing both y and z there is a suitable
substitution as x = tan 0.

Put x = tan6 } ..(1)
.0 = tan"!x
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._]<2x B L[ 1=x
S 1+ 2 S (T

y =
. _,(_2tan® y 1—tan26)
y = sin'| ————— z = cos | ——
1+ tan?0 1 + tan?0
y = sin”!(sin 20) z = cos ! (cos 20)
y = 26 z = 20
~y = 2tan"'x [From(1)] | z = 2tan"!x [From (1)]

Differentiate w.r.t. x, Differentiate w.r.t. x,

d d dz d
a% = a[Ztan‘lx] o &[Ztan‘lx]
dy ) 1 _dz 1
dx — T+ X7 142
Step II:
dy
d dx
We know, a% =3 [To find derivative w.r.t. z]
dx

Step 11 :
dy
dy dx
We know, dz - O [To find differentiate y w.r.t. z]
dx

d
a% = ; 1 (From above values)
W
d
EX =1V ...Ans.
VA

2
QX 1)/)(2
dz = 5 (From above values)
1 )/xz
d
E%’ =1V ...Ans
1-x
Ex. 10.1.53 : Differentiate cos ' ( ) 2) wrt sin '
+X

()
1+x
IZI Soln. :

. 1-x2 ) 2x
Step I: Consider, y=cos™!| —— |and z =sin™!
1+x2 1+x?

By observing both y and z there is a suitable
substitution as x = tan 0.

Put x =
.0

tan 6

Ex. 10.1.54 RV VY ET R
Differentiate tan” ' (@) w.r.t. sin’' ( = 2)

X
|Z[ Soln. :

Step1:

(A1)

X

sin~! 2x
1+x2

By observing both y and z there is a suitable
substitution as x = tan 0.
Put tan ©

S0 = tanlx

. _1(3[1+tan29-1)
y = tan

tan 0

- (3[sec26—1)

tan 6

B 71(sec6—1)
y = tan tan ©

! 1
cos 0

Consider, 'y

and z =

X =

(1)

. _,(_2tan®
z=sin"!| ——
1 + tan?0

z = sin~!(sin 26) (by formula)

z=20

y=tan’! z=2tan ! x (From (1))

sin O
cos 0

1-cosH

= cos™ !
y ( 1+ XZ)
Nas tan20
Sy =cosl| T
1 + tan?0
y =cos™ ! (cos 26)
y =20 z= 20
y =2tan"!x
Differentiate w.r.t. x,

d d
a% = 5[2 tan~! x]

d 1
oo

dx 1+x2

tan™1 x } e (1)
1-x2 2x

z= sin~! )
1+x2

. _,(_2tan®
z=sin"l| ——
1 + tan%0

z = sin~! (sin 20)

z=2tan !x
Differentiate w.r.t. x,

d d
d_i = 5[2 tan 1 x]

dz 1
dx =2

1+x2

250
sin O
,e_o‘s 0

Differentiate w.r.t. x,

dz

4 1=cos6 d .
y =tan om0 dx:&(Ztan X)

Using half angle formulae

y =
Differentiate w.r.t. x,

dy df1 ] 1 _1
dx ~ CIX[Ztanlx T2
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dy 1
QX dx d -2 _ X2
Step II : We know, dz- dz [To find derivative of y w.r.to z] H% - 1 ...Values from Equation (3) and (4),
™ -~
1 1 d
dy 2 42 E EE = -2V ...Ans.
a7 = 1.=7 (From above values)
2 e Ex. 10.156
dy 1 P Differentiate cos ' (2x2 — 1) w.r.t. sin : @2x\1- xz)
“dz = 1 ...Ans.

|Zl Soln. :

Ex. 10.1.55 SR2A[ARVETCR

Differentiate cos l( 2x\ 1- X ) with respect to

Step I: Consider, y = cos™! (2x2—1) and z = sin~! (2x \/ 1-x?)
By observing both y and z there is a suitable

sec” ! ( 1 2) (4 Marks) substitution as x = cos 6
N1-x Put x = cos6 .2
M Soln. : 0 = C0571 X
StepI: Consider, y = cos™ (2X \V1- XZ) y = cos'(2c0s26-1) | z = sin (2 cosB /1 - cos? )
and 7 = sec! (;2) _._(1' y = cos ! (cos 26) = sin~! (2 cos0 - \’sinz 0)
b b h‘J L-x f N bl (by formula of cos 26) = sin! (2 cos 0 sin )
By observing both y and z there is a suitable B ey
substitution as x = sin 0. y = 20 z = sin™ (sin 26)
Put x = sin® = .. 0= sin'x ...(2) (by formula of sin 26)
Using substitution in Equation (1), we get y =2cos'x
. y=cos™(2sin 04[T=sin?0) | . ,_ gect (—1 ) [from ()] 2 = 26
\/1-sin%0 Differentiate w.r. to X, z = 2cos 'x
_ . 1 d d
y =cos™ (2 sin 0 COSZ@) z = sec! ( cosze) a% = 3 [2cos” x] Differentiate w.r. to X,
_ : dz dz -1
y =cos™(2sin0- cos ) (A = - —12cos Ix —=2
z=sec | o dx ax L ] dx 1-x2
y =cos™! (sin 26) z = sec”! (sec 0) dy 5 — 1
dx — 1-x2
- cogl T z=0
= Cos [cos (2 - 26)}
z =sin'x tep II : We know,
- dy
y= g o0 = g_ 2 sinl x ...[From Equation (2)] dy ax
- 4z [To find derivative of y w. r.t. z]
...[From Equation (2)] M
Differentiate w.r.to x, Differentiate w.r.to X, 1
dy i[ T 1 :| 2
= -2sintx d 1-x2
dx " dx[ 2 c_é = 1 (value from above)
1 2
=0-2 T 1-x2
dy 1 dz__ 1 Cdy
ax = 2 T -0 | 3x T ...(4) cqz = 1 v ...Ans.
Step I1:
dy
dy _dx o
We know, i - dz [ To find derivative of y w. 1. to z]
dx
Chapter Ends...
aaa
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Chapter 11 : APPLICATIONS OF DERIVATIVE

I EXERCISE 11.1

Ex. 11.1.1: Find the equation of the tangent and normal to

the curve X + 3xy + y2 =5at(l,1)
M soln. :
Step1:
through point (x;, y;) is
y=yi = mx-xq)
where m is slope of the tangent

dy
andm = (&)

dy
first find ax at point (1, 1)
Step II : Given equation of the curve is
x2+3xy+y? = 5
Differentiate both sides w.r to x we get

d d
&[XZ +3xy +y?] = FME)

> Using linearity property of derivative

We know the equation of the tangent passing

(1)

d d d
[ 1 (00 + 800) =5 £09 + 3¢ g(x)]

4., 4 4., 4d

dx X +d><(3xy)+dxy_dx5

S S

2x 3%(3@) Zy% 0

2x+3%(xy)+2y%=0
—

Ix (uv) form

> Using product rule of derivative

d d d
&(uv):uav+v$u

. dy, 4 dy
SO2X A XY g X [F2Y g =0
\_Y_l
1

dy dy
S2xX+3| xgety (@) |+2y g = 0

dy dy
SO2X A3 g t3y+2y g = 0

...On simplification

dy dy
3x&+2y5 = -2x-3y

...Collecting common terms

i
E
I_

T Al "::I'GL

dy
S Bx+2y) gy = —2x-3y
- (2x + 3y)
dy
s (Bx +2y) ax - - (2x + 3y)
dy - (2x + 3y)

xS m ...on simplification ...(2)

dy
Now slope of tangent at (1, 1) =m = (dx )(1, )

| ¥\ -R2@+3Q)]
~.Equation (2)becomes (&)(1 ) = m

[Putx:l,y:l:|
in Equation (2)

(53)--(3)
342/ 7\5)="1
dy)

- = -1

(dx 1,1)

. Slope of tangentm = -1
Step III : Substitute this valueof m=-1,x;=1and y;=1 in
Equation (1) we get

~.Equation (1) becomes,

-1 = Dkx=-1)
—
-x+1
~y-1 = —-x+1
x+y = 1+1 ...on simplification
X+y = 2V ...Ans.

This is required equation of tangent.

Ex. 11.1.2 (V2R ETHS

Find the equation of the tangent and normal to the curve
13’ +2x°y +y =1 at (1, - 2).

M soln.:

StepI: We know, equation of tangent passing through
(x1, y1) is

y-y1r = m(x-xp) (1)

d
where m is slope of tangent and (d—y)
X,y

Step II:  Given equation of curve is
1Bx3+2x%y+y® = 1

Differentiate w.r.t. x, it gives
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|

d
o [13 X3+ 2x%y +y%] = (1)

Q.

X

~{

» Using linearity property of derivative

d d. . d
[ 5 (100 +800) = 3 £(x) + 3 g(x)}

d 5 d ) d s
&(13x)+&(2xy)+&y 0

> Using property of derivative

ke mkgero |

dy -GD -31
dx Jq_p — 2+127 14
(&) =2
dx ) _, ~ 14

.. Slope of tangent at point (1, - 2) is

A
M= \dx g, 14

{ d

Jx = slope of tangent = m

-31
Step III : Substitute this value of m = VY x=1,y;=-2

in Equation (1) we get

A d oL o
S X2 Y+ gy = 0 EEEquationa): (=T (- 1)
N
a4 514 ~ +2
3x° 220 3Py 13 Y
-31
: - i y+2 = 73 x=1)
> Using product rule of derivative =
d e 14(y+2) = -31(x-1)
— N — n-1
dx X TN g 14y +28 = -31x+31 ...On simplification
d d 4 d | . 31x+14y = 31-28 ...Collecting common terms
Jand gru-v=ug v+vgu [-::l \ )
3
P sixruay = 3
d d d — y
n 133 +2 (Xz dx Y Tdx Xz) +3y* gy =0 2L This is required equation of tangent.
\_Y_l \_YJ _:: Step IV : To find equation of normal,
4y 2 A We know
dy dy H Slope of normal = Slope of tangent
. 13[3x2]+2[x2&+y(2x)]+3y2$=0 ofl ) -1
lem = =
© 39X+ 20 4y + By o -1 —14) 14
; dx YT dx P im - m*(w)m
...Simplifying terms E:‘l} 14
dy n-_r . m; = 37 le slopeofnormal =37
Now collecting terms of 7= on LHS and remaining or,_‘-'

RHS, we get

zﬂ zﬂ 2
2x dX+3y dx = -39 x*—4xy
dy
2 +3y°) 5, = - (92 + 4xy)
x
dy - (39 X2 + 4xy)
YA T A .(2)
(2x* + 3y?)

Now at point (1, -2) i.e.at x=1and y = — 2 we get,
d —[39 (1)2+4(1) (-2
Equation (2) :(d_y) _ (39 (1) (1) (=2)]
-y 2(1)7+3 (=27
~[39-8]

...Replace x by 1 and y by -2
( )(1,_2) T 2+43(4)

dy

dx ...On simplification

Equation of normal passing through the point

14
(1, - 2) with slope m; = 31 is

y-yi = my(X=Xxq)
14 .. 14
T y-(=2) = 3—1(x—1) Somy =37
x;=1 and y;=-2
14
Ly+2 = 3—1(x—1)
“3l(y+2) = 14(x-1)
3ly +62 = 14x-14 ...by simplification
w —14x +3ly= -14-62 ...Collecting common terms
——
-76
-14x+3ly = -76
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- (14x-31y) =-76 ...Taking —ve sign common 1 1 dy
s (mx™ 1) 4 mym‘ld— =
(14x-31y) = 76V ..Ans. am b X
This is the required equation of normal. ...by rule of derivative

mym -1 1,nym - 1dy

Ex. 11.1.3 (BT N = = 0
X

Show that equation of the tangent to the curve b b
m m ...On simplification of term
<§> +(X) = 2 at the point (a, b) is§+X:2. 1
a b a b mym dy mxm-1
M sol o dx = - ...shifting term towards RHS
oin. : m am
StepI: We know, equation of tangent passing through .a
the point (xy, y;) is dy pxm-1 pm SpXEY
- = m((Xx-x (1 R
Y=y ( 1) 4 @ dx am pfym-1 . b
where m is slope of the tangent and m (&) a¥
(x1,y1) . d_y ~ pmym-1
> Using law of indices Tdx T gmym-t

Now at point (a, b)i.e.atx=aand y =b

(ﬂ) _ bm(a)m -1
dx (a,b) - am(b)m -1

H_I

Step II : Given, equation of the curve is

) (E)-

Y -V (gfta’ { am -1=gm. g1
X v el andb™ 1 =bmb!
a" b dy a! b 1 1
= - e = S - — _
R “(dx)(ab) = -1 173 Soat=7 and b*l_b
LT = 2
am™  bm

dy -b
.. Slope of the tangent at (a, b) = ax =
(a,b)

Differentiate both sides w.r.t. x we get
df xm ym j d Step II: Substitute this value in Equation (1)

i petieg It

\_'_I

Equation of the tangent passing through the point
(a,b)is

m -b
d/xmy dfy ) y-b = (7>(x—a)
dx\ om +ax b™
a(y-b) = -b(x-a)
> Using linearity property of derivative ay—-ab = -bx+ba ...by simplification
d d d bx+ay = ab+ba
U6 + g 0] = F () + 32 8 (0
bx+ay = 2ab
and % k=0 This is required equation of tangent.
" Divide throughout by ab we get
) 42) ey o
X am X bm ab = ab
1d , 14 X Ay %8 Xty x.¥
gndx ™ pmdxY “Ab oAb @ S a Ta'a
> Using property of derivative f +% = 2V ....Hence proved.
[ 4 kf(x) =k 4 f :|
R TR RN N IR S 2014, 2 Marks
1d 1d Find the inclination of the tangent to the curve
amdxxm+ bmdxym =0 y=e at(l,—3)
- — V] Soln. : Given equation of the curve is
mx™ 1 my" 1oy y = e

Differentiate w.r.t. x, we get
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ﬂ . — a2
dx = dx°©
d
ezxa (2x) ...By derivative rule
dy d
Ik = EZX&(ZX)
\_Y_l
2
d
d_z = eX(2)=2e*
dy
xS 2 eX (1)

Now at point (1,-3)ie.atx=1,y=-3

d
Equation (1) = (d—y) =22
Xa,-3)

2¢*
dy)
O = 2¢?
(dx 1,-3) €

We know,

... putting x=1

dy
Slope of the tangent = 3=
dy
. Slope of the tangent at (1,-3) = | ¢
1,-3)
= 2¢2 (2
Also, we know,
Slope of tangent = tan y ...(3)

Where v is the angle made by tangent with X-axis.
Equating RHS of Equations (2) and (3) we get

2e? = tany
ie tany = 2e?
Sy = tan"1(2€?) [ - tanx=a = x=tan"! a]
——
14.7781
sy = tan”!(14.7781) ...by table of value
%(_/
86.1288°
Sy = 86.1288° = 86.13°

~.Inclination of tangent at point (1, — 3) isy = 86.13°v" ...Ans.

Ex. 11.1.5 ERAUERPRNETG

Find the point on the curve y = 2x” — 6x where the tangent is
parallel to the x-axis.

M soln.:
Step I: Given equation of the curve is
y = 2x2-6x (1)
Differentiate both sides w.r.t. x we get,
% = % [2x2 - 6x]
H_/

d d
= Ir (2x%) ~ 7z (6%)

» Using linearity property of derivative

d d d
[ 1 (09 + g(0)) = 300 + 3¢ g(x)}

dy d . d
X T &(2x)—&(6x)
——
dx 6dxx

> Using property of derivative

I:% kf(x)= k%f(x):l

dy d d
“dx = 2&x2—6ax
—
2x 1
dy
T < 2 2x)-6(1) ...By derivative rule
——
4x 6
dy
X T 4x -6
.. Slope of tangent = 4x — 6 (2)

Step II :
Also given, tangent is parallel to X-axis.
We know, slope of the X-axis = 0

Slope of two parallel lines are equal.

. Slope of tangent = 0 (3)
Step III : Equating RHS of Equations (2) and (3) we get
4x-6 = 0
sLodx o= 6
6 3 T

=>Xx = 7=5 ...Simplification
) 3
X o= g

Now to find corresponding y, substitute x = 3/2 in
Equation (1) we get,

- 2(5)-(3)
y = 2 3 -6 5
Yo
9/4
9 373
v o) o(3)
9
Ly = 3-30)
9
) 9 9-9x2 9-18
Ly = 5-9=T5 =5
“y = -9/2 ...On simplification

3 -9
X =5 andy = —-

3-9
~.Required point is, (x, y)=< —)\/ ...Ans.

22
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Ex. 11.1.6
Find equation of tangent to the circle X+ y2 + 6x — 6y — 7
= 0 at a point it cuts the x-axis.
M soln.:
Step : Given equation of circle is,
X2 +y2+6x-6y-7=0 (1)

Differentiate both sides w. r. to x, it gives,

d d
I Pty +6x—6y-7]=7-(0)

> Using linearity property of derivative
...[% af(x)+by(x)]=a % f(x) + b % g(%) }
AL ) A () 4 6 () - 62 (1) A (1) =0
N s e e
2x 2y % 1 % 0

d d
242y o +6-6 =0

. Lo dy
Collecting terms containing 31~ on LHS. an

remaining on L.H.S.

dy 69X— 2x -6

2y gx "0 ax = -
dy
Qy-6)3 = —2(x+3)
dy -2(x+3) —Z(Kx+3)
dx = 2y-6 = X(y-3)
dy X+3
dx — - y-3
We know,
d
Slope of the tangent= ag
d 3
.. Slope of tangent = E% = - ;t?)

Step II : The curve cut to X-axis means y =0
y =
Substitute y = 0 in Equation (1), it gives,
X2+ 0+ 6x-6(0) -7 =0
x2+6x-7 = 0

O[Equation of X-axis]

7)(-1)=-7and
X2 +7x-x-7= 0 [ ) +(=1)=6 :|
x+7)(x-1) = 0
x+7 = 0 and x-1=0

Xx =-7 and x=1
. Points of intersection of the curve with X-axis are (- 7, 0)
and (1, 0)

d 3
Since slope of tangent = a% - X2 3 .. (2)

At point (-7, 0)

5

.. Slope of tangent = ( dx)( 20

_ (—7+3)
m= -10-3

W

'S

Slope of tangent = m =

|

At point (1, 0)

_ 92)
Slope of tangent = (dx L0

B (1+3>
m= -10-3

=)
I
[SSTIN

4
Slope of tangent = m = 3

StepIII: We know,

Equation of the tangent passing through (x;, y;) is
y-y1 = m(x-x)
where m is slope of tangent at point (x;, y;)

. Equation of tangent passing through (- 7, 0) with slope

_—4.
m= "3"is,
-4
y=0= 73" x=(7)
3(y) = —4(x+7)
3y = —-4x-28
4x +3y = -28
Equation of tangent passing though (1, 0) with
4

slopem = 3 is,

4
y-0= 3 &x-1)
3(y) = 4(x-1)
3y = 4x-4
4x-3y = 4 V ...Ans.

These are the equations of tangents to the circle where
it cuts to X-axis.

Ex. 11.1.7 [EEEPIRIS

Find the equation of the curve whose slope is (x — 3) and
which passes through (2, 0).

M soln.:
We know

dy
Slope of tangent = O (1)

Step I:

Given slope of tangent = x - 3...(2)
- By equating Equations (1) and (2) we get

dy
™ = 3
ie. dy = (x-3)dxThis is variable separable form
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Step II:
.. Integrate above Equation on both sides, we get
[ay = [ x-3ax

H_/

. Equating Equations (1) and (2) we get

» Using linearity property of integration

[ j[f(x) +g(x)] dx = ff(x) dx + jg(x) dx]

dy
dex—Ide el (2x +5)
> Using linearity property of integration dy = (2x+5)dx ...variable separable form

Step II : Integrate both sides we get
[ay = [@x+5)dx

H_/

[ J[f(x) +g(x)]dx = J.f(x) dx + Ig(x) dx]

fay = [xax - [3ax

1+ j2xdx+j5dx
Yy  1+1 X

jdy = jZde+ Jde

2 fdx+5 jdx...[(-.-jkf(x) dx=k [0 dx)]
&S

> Using property of integration

a
~<
1]

Xn+l

Ix“dx: m,n:l

and Ikdx:kjdx:kx Y % x
x1+1 5
y = 751 " 3x+c y = ,2’X7+5x+c...byruleof1ntegration
t y = x3+5x+ ¢ ...Q3)
X2 Since, this curve passing through the point(0, 2) i.e. at
y = 5 —3x+c - x=0 andy =2 in Equation (3)
Since this curve passing through the point We get
(2,0)isatx=2andy=0 2 = (02+50)+c =2=0+0+c
Equation(3) = 0 = (22—)2 -3(2)+c ) ) = = 2
Put this ¢ = 2 in Equation (3) we get
0 = % ~3(2) +c Equation 3) > y=x* +5x+2 v ...Ans.
This is required equation of curve.
0 = 2-6+c...onsimplification
(- I=° EXERCISE 11.2
-4 Ex. 11.2.1 [ERMCEAENS
0 = -4+c=>c=4 Find the maximum and minimum value of
Put ¢ = 4 in Equation (3) we get y= X— X" + 24x.
x2 M soln. :
y =7 ~3x+4 StepI:
Given, y = x*=9x%+24x ...(1)
Multiple by 2 we get Differentiate w.r. to X, it gives,
2y = x2-2(3x) +2(4) dy
2y = X —6x+8Y Ans. ax = 3x2-9 (2x) + 24(1) (By standard derivatives)
This is required equation of curve dy
T = 3-18x+24 .(2)

Ex. 11.1.8 [EZNPAPITETS
Find the equation of curve whose slope is (2x + 5) and
passes through the point (0, 2).

Step II: We know,

To find maxima and minima of the curves y = f(x),

: : dy

i1 Soln. : Step Iél We know Put 30 = 0  [By condition of maxima and minima]
y

Slope of tangent == ..(1) 3x%-18x + 24 = 0

Given : Slope of tangent =2x + 5 ..(2) | 30¢-6x+8) = 0 (Common out 3)
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3(x-4) (x-2)= 0(Note the factors) Consider, Product =P = x (100 — x)
-4 = 0 and x-2 = 0 . P = 100 x - x? (1)
_ 4 _ 5 ...On simplification
X = X = Differentiate w.r.t. x on both sides to Equation (1)
~. Maxima or minima of y = f(x) are at pointx=4,x=2 » Using linearity property of derivative
Step III : Again differentiate Equation (2) w.r. to x, it gives, 8 y prop dy d d
d’y [ I {9 + 8(x)) = g £ + 3 g(X)}
= 3@9-180)+0 dx dx T dx
X . d d
&y Equation (1) =g P=g; (100x- x?)
= 6x-18 .3 |
dx? )
d d
Atpointx=4: %100x—ax2
& 1)
’ = 6(4) - 18[Substitute x = 4 in Equation (3)] . 4P d 100 X _i X2
dx® )y o, dx dx dx
= 6>0 i Yd
&y (B 100 5= x
- dx
2 >0 (Refer condition) E.:' N
X =~ Using property of derivative
s Atpoint x =4, = 1(x) has minima
At poi 4, y =f(x) has mini 0 4 q
-
S Ymin = f(4) - [ o K =kg¢ f(x):|
= (4)3 - 9(4)2 +24 (4) EL ] d_P ~ i i )
[Substitute x = 4 in Equation (1)] [':j - dx = 100G x -3« X
= 64-9(16) + 24 (4) q 7
Ymin = 16 E: dr 1 2x
. Minima of y = f(x) = 16 and point of minima = (4, 16) _:_ o = 100 (1) - 2x by rule of derivative
At point x =2 LE 4P
d2y QL:' tdx = 100-2x -(2)
" = 6(2)-18 b <
dx x=2 2 x50
[Substitute x = 2 in Equation (3)] ':'fﬁ dpP (2% 50)—2
- = x 50) -2 x
= -6<0 MP dx
d2y QL‘J . de _
( " ) < 0 (Refer condition) 5] s ax - 2B0-« ()
x? )y
2 2 o oh . E: Step II : We know,
ointx=2,y= as maxima,
P * y= H l_ETo find maxima / minima of the product P
= (2°-9(22+24(2) put I 0 ..by condition of maxima / minima
(Substitute x = 2 in Equation (1)) 100-2x = 0 ... by Equation (2)
= 8-9(4)+24(2) . 2x50)—2x =0
max = 20 B
_y . . 2[50-x] =0 ...By taking 2 common
~. Maxima of y = f(x) = 20 and point of maxima = (2, 20) 50 0 0 0
-X = Tmx=0=>x=
Ex. 1d1 -2-20 S-2014, 4 Marks A . " —x = =50 ...shifting 50 to RHS
Divide 100 into two parts such that their product is \ J
maximum.
M soln.: ¥ = 50
Step I: Divide 100 into two parts, as x and (100 —x) a j—z = (2x50)-2x
Al 1 B dp
e X »le 100 - x > S ax = 2[50-x]
e 100 N . Maxima / Minima of product P is at x = 50
. Step III : Again differentiate Equation (2) w.r.t. x
Fig. P. 11.2.2
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We get
d /dP d
Slax) = Ix (100 - 2x)
H_I H_J
ap d
W i 100 - ix 2x
dzr d d
ﬁ = & 100 —& 2x
Lv_l \_Y_l
0 2
dr
ﬁ = 0-2=-2 ... by rule of derivative
dzp
ﬁ = -2<0

. At point x = 50, P has maxima
dzy

If§<0 at x=a then f(x) = y has maxima atx=0

Here a =50
- x=50 and 100 - x
= 100 -50 = 50... putting x = 50

~. Divide 100 as 50 and 50 so that their product is
...Ans.

maximum.v’

Step II : we know

To find maxima of Area of rectangle

Put i_i = 0 [by condition of maxima/minimal]
s 20-2x = 0
-2x = 20
-20
)
~x = 10

. Area is maximum / minimum when x = 10

Step III : Again differentiate Equation (2) w.r.t to x. It gives
d?A
dx?
d?A
dx

Atpointx=10:
d?A
dx?

. By condition of Maxima / minima

0-2(1)

—2 (This is independent of x)

= -2 <0 (Refer Condition)

- At point x = 10 Area (A) is maxima
.. Length of rectangle = x = 10 cm
Breadth of rectangle = 20 - x =20 - 10 cm = 10

. Area of rectangle is maximum

Ex. 11.2.3 (AR IR E S

A metal wire of 40 cm long is bent to form a rectangle. Find

its dimensions when its area 1S maximum.
M soln. :

Step 1: A metal wire 40 cm long is bent to form a rectangle.

|« X »|

[

(18-x)
Breadth

e X N
|‘ >
le—— Length ——»]

Fig. P.11.2.3

. Two sides as length and two sides as breadth 40 cm.

Consider length of rectangle x cm

Two sides length =x +x =2x cm

-. Two sides Breadth = (40 —2x) cm
= 2(20-x)

. Length of rectangle = xcm and

Breadth of a rectangle = (20-x) cm

We know,

Area of rectangle = Length x Breadth

LA = x(20-x)
A = (20x-x2)
Differentiate w.r. to X, it gives
dA
ax - 20 - 2x

with length = 10 cm and Breadth =10 cm. v/ ...Ans.

S @R R Ry \V-2013, Q. 3(b), W-18, 4 Marks

A manufacture can sell x items at price is of I (330 — x)

each. The cost of producing x items in I x* + 10x + 12. How
many items must be sold so that his profit is maximum.

M soln. :

We know,
Profit =
Given sell price of item = Rs. (330 — x)

Step1:

selling price — cost price

Since, these are x items

.. Total selling price = x (330 —x)

——
330x — x*
Also, Total cost of producing x items in Rs. is
= xX2+10x+ 12
- Profit = P =(330x-x?) - (2 +10x + 12)
= 330 x-x>-x*-10x - 12 ...on simplification
P = (-x*-x? +(330x - 10x) - 12
...Grouping terms
P = -2x+320x-12 (1)
StepII: We have find minima of profit (P)
By condition of maxima/minima
Put dar =0 ...(2)
dx

---(2) | Differentiate Equation (1) w.r.to x we get
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At x =80, P = f(x) has maxima.

. For maximum profit, manufacture must be sold
x = 80 itemsv’ ...Ans.

» Using linearity property of derivative

d d d
[ 1 (00 + 800) = 5 £09 + 3¢ g(x)}

Ex. 11.2.5 RN R ET G

The perimeter of a rectangle is 100 m find the length of its
sides when area of rectangle is maximum.

M soln.:

Step I: Given perimeter of a rectangle = 100 m

[- 2x2 + 320 x — 12]

J

r>%|9-

hd

d d d
32 2x%) + Ty (320x) - 12

d d, 5,4 4 X
P = g (C20) 5 (320%) — 5 12 P >
Y
—-2(2x) 320 0
dpr _
" C 2 (2x) + 320 -0 ...by rule of derivative 50-x
dp
L = —4x+320..03) > . gl
, . dp. .
. Put this value of dx in Equation (2) Fig. P.11.2.5

Equation (2) becomes Consider, Length of rectangle = x meter

=-4x+320 = 0 Two sides length = x + x = 2x meter

—=-4x = -320 ...shifting 320 to RHS Two sides breadth of rectangle = 2(50 — x)
= 4x = 320 = (100 - 2x) m (1)
320 Breadth of rectangle = (50 — x) m

=>x = — =80
X 4 We know,

.. Profit is maximum/minimum at point x= 80 Area of rectangle = Length xBreadth

Step III : Again differentiate Equation (2) w.r.t. x we get A = xx(50-x) ...By Equation (1)
d (dP d - 2
&(3> - L Caiam) A = 50x-x )

Differentiate Equation (2) w.r.t. x we get

> Using linearity property of derivative d d
g y property 5 A) = 3.(50x-x)

d d d
...[5(f(x) +8(0) = 35 x) +3g<x)} y y o
Ix (50x) -4 ¥? ...by linearity property

dr d d
dx? = ax O+ 3 (320) Using property of derivative
d d
-4 0 BECCET=I
d’p dA d d
g Q = -4+0 ...by rule of derivative x = 03X "I x2
d?r
LT o= -4 1 2x
dx? dA
. x = 0 (1) -2x ....By rule of derivation
Also at point x = 80 X
d2p A
_ _4<p ax = 20-2x ...(3)
dx?/y _g0
Step 11 :
. P = f(x) has maxima. P
. . . We know,
" by condition of maxima/minima ] .
To find maxima of Area of rectangle
&y dA
if—<0atx=atheny=f(x) Put —-— =0 ...by condition of maxima/minima
X2 dx y
has maxima at x = a 50-2x = 0 ...by Equation (3)
Here a = 80, -2x = =50 ...shifting 50 on RHS
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2x = 50

_ 0 _
X = 2—25
x = 25

Area is maxima / minima when x = 25

Step III : Again Differentiate Equation (3) w.r.t. x

d (dA d . .
Weget 3| Gx ) = ax (50—2%) ...By Linearity property

#A o d_ d

d
o= e ..3)
Again differentiate w.r.to X,
d (dy 4. ..
dx (dx) dx )
42
A (4
dx?

Step III : Now at given point, (0, 1)

—— 50 -~ 2x dy - Wo
de | dx 7T Tdx (dx) 01 = <=1
0 P ...By rule of derivative (In Equation (3) substitute x=0,y =1) ...(5)
42
d’A And [=X£ = e'=1
= 0-2 dx2 0,1)
dx? ——
) (In Equation (4) substitute x =0,y = 1) ...(6)
d2A ) Step IV : Substitute values from Equations (5) and (6) in
Tae formula (1), it gives,
. A . [+ @71
At point x = 25, =-2<0 Radius of curvature = p="—"1"—
dx? @

By condition of maxima / minima A is maximum
2

atx =25 ("." y is maximum when <0at x=a)

dx?

- At point x = 25 Equation (1) becomes,
Length of rectangle = x =25m and
Breadth of rectangle = (50 — x)

= 50-25=25m
Area of rectangle is maximum
With length = 25 meter

and Breadth =25 meter v

I3" EXERCISE 11.3

...Ans,

B (1 + 1)3/2
- 1
= 1.5874 units

Radius of curvature = p = 1.5874 units v/

="

...Ans.

Ex. 11.3.2 (R4 EPR el G

Find the radius of curvature for the curve y2 = 4ax at point (a, 2a).

M soln.:

Step I : We know, the radius of curvature is,

[ ()T

- oy (1)

dx?

dy

Ex. 11.3.1 [N

Find the radius of curvature of y = e" at (0, 1).
OR

Q. 2(d), S-19, 4 Marks

Find the radius of curvature of the curve y = ¢ at the point where it

crosses the Y-axis.
M soln.:
StepI: Weknow,

The radius of curvature is,

(]

B d’y
dx?

Step II:  Given equation of curve is,

y = &
Differentiate w.r.to x, it gives,

dy 4
dx_dx(e)

g d%y . .
irst find d and from the given Equation of the curve.
X dx2

Step II : Given Equation of curve is
y? = 4dax ...(2)

Differentiate both sides w.r. to x we get,

d d
V) = g Gay)

d d
ay a4
2Y iy 4a gy @

=> Using property of derivative

...[%kf(x)=k%f(x)]

...(1)
d d
2y a% = 4a 3 (¥
——
1)
...(2) q
2y a% = 4a(l) ...by rule of derivative
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(Applications of Derivative) ...Pg. No. (11-45)

1

dy ‘Aa 2 ficati
= —— == ...on simplification
dx T 2y Ty P (%1) -1 ...(5)
dy 2a X/ (a, 22)
dx ~ y -(3) and Equation (4) becomes,
Again differentiate (3) w.r. to x we get dy = 4a’ Put v = 2a
day | d(m) b oap
dx\dx/ = dx\y —
— —— 8a®
2
i% 2adi 1) d?y “AX
X = =
dx dx2 . /8/a'3/ 2a
=> Using property of derivative dz}f -1
d d L) dx2 ~ 2a --(6)
ke =k |of
, [::jStep IV : Substitute values of Equations (5) and (6) in
d d /1 - =4 .
;(% = 2a ™ ;) " Equation (1) we get,
—— Eg Radius of curvature
1d 1 e 273/2
‘?E% == [ 1+(1)]
A
...by derivative of composite functionr__q-w:5 2a
- 3/2
d2 1d I L
=X (- L D P = "1/2a
dx2 y? dx
- -2
2 EE p = (Ta) (2)%? ...on simplification
- ...by Equation (3)d-
Yy Y _:_ p = —(2)(2)?a ...on simplification
d? 1 /2 = .
e __(_a) p = _(21 3/2)a
dx? v \y '-'d—" -
| — D T+ 5/2
il = -2"a=-2"a
—4a? P p
; -
y of’ -5.6568
d2 — 432 . p= -—5.6568 a units ...on simplification
Ly _ == ) b= P P
dx2 y3 [ju . Radius of curvature
Step III : At point (a, 2a) E:l'} p = -5.6568 a units v’ ...Ans.
Equation (3) becomes, US
d 2 -
(_Z) = 2_a .Put y=2a l-
dx (a, 2a) a
(-]
Chapter Ends...
aaa
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(Statistics) ...Pg. No. (12-1)

Chapter 12 : STATISTICS

" Exercise 12.1

Ex. 12.1.1 (G4 EHS

Find the range of the following distribution :
2,3,1, 10,6, 31, 17, 20, 24

M soln. : We know, Range = L—- S

Where L = Largest value; S = Smallest value
Given, 2, 3, 1, 10, 6, 31, 17, 20, 24
Observe that, from these values,
=L=31
=S=1
=31-1
=30

(D

Largest value
Smallest value
Range [From Equation (1)}

Range

i

Ex. 12.1.2 [CHEAEND)

Find the range of the following distribution :
3,6,10,1, 15, 16, 21, 19, 18.

|Zl Soln. : We know, Range =L- S ...(1)
Where, L = Largest value of distribution
S = Smallest value of distribution
Given distribution, 3, 6, 10,1, 15, 16, 21, 19, 18
Observe that, from these values,
=L=21
=S=1
=21-1
=20

Largest value
Smallest value
Range [From Equation (1)

Range

Ex. 12.1.3 [CHIAAETY

Find the range of the following data :

800, 725, 750, 900, 925, 910, 1000, 790, 870, 920

M soln.: Given,

the range 800, 725, 750, 900, 925, 910, 1000, 790, 870, 920

Range = Largest value — Smallest value = 1000 — 725
=275

Ex. 12.1.4 [CHINAETSY

Find the range and coefficient of range for the following
data : 120, 100, 130, 50, 150

|ZISoln. : We know, Range =L - S .1
. L-S
and coefficient of range = L+sS ...(2)
Where, L = Largest value of data

S = Smallest value of data
Given, 120, 100, 130, 50, 150

Observe that from these values.

L=150 }

S=50

Substitute these values in Equations (1) and (3)
Range = L-S=150-50
Range = 100

. L-S
Coefficient of range = L+S

Largest value

...(3)

Smallest value

15050
=150 +50

100 1

200 T2
Coefficient of Range

[Values from Equation (3)]

= 0.5

Ex. 12.1.5 (e MRS YAl S

Find range and coefficient of range for the data
120, 50, 90, 100, 180, 200, 150, 40, 80

|Z[ Soln. :

We know Range = L-S

Where, L = Largest value
S = Smallest value

Given, 120, 50, 90, 100, 180, 200, 150, 40, 80
Observe that from these values

Largest value = L =200
Smallest value = S=40
Range = L-S=200-40
Range = 160 ...Ans.

Ex. 12.1.6 [CRAIER L EHS

Find the range and coefficient of range of the following
J data

Age
.g 10-19|20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79
(in years)
Frequency | 03 61 223 |[137 |53 19 04
|Zl Soln. : We know, Range=L - S ...(1)
and coefficient of range = L+S ...(2)
Where, L = Largest value of data
S = Smallest value of data
Given,
Age (x) 95- | 195 | 295- | 395 | 495- | 595- | 69.5-
(in years) 195 | 295 39.5 495 59.5 69.5 79.5
Frequency (f) | 03 61 223 137 53 19 04

Observe that from this tabular values,

(MSBTE-Sem- | (Common to All))



Basic Mathematics (MSBTE)

(Statistics) ...Pg. No. (12-2)

Largest value of x;

Smallest value of x;

coefficient of range.)
(i) Range
From Equation (1) and Equation (3),
Range = L -S=79.5-9.5
Range = 70
(ii) Coefficient of range

From Equation (2) and Equation (3),

. L-S 795-95 70
Coefficient of Range = L+S~795+95 = 89=0.787

Coefficient of Range = 0.787

IZ" Exercise 12.2

L=795
$=95 } ...(3)

(Note that do not consider values of f; for range and

Ex. 12.1.7 (SIS TS|
Find the range and coefficient of range for following
data.

Marks 20- | 30- | 40- | 50- | 60- | 70- | 80- | 90-
29 139 (49|59 |69 |79 |89 |99
No. of| 10 | 15 | 16 | 20 | 21 [ 22 | 09 | 08
students

M soin. :We know, Range =L - S ...(1)
- L-s

and Coefficient of Range = L+sS .2

Where, L = Largest value of data

S = Smallest value of data

Given,

Marks | 19.5- | 29.5- | 39.5- | 49.5- | 59.5- | 69.5- | 79.5- | 89.5-
(x) 295 | 395 | 495 | 595 | 69.5 | 795 | 895 | 995

No. of

students | 10 | 15 | 16 | 20 | 21 | 22 | 09 | 08
(f)

Observe that from this tabular values,
Largest value of x;, = L=99.5
Smallest value of x, = S=19.5 }

(i) Range :From Equation (1) and Equation (3),
Range = L —-S=99.5-19.5=80
Range = 80
(ii) Coefficient of range
From Equation (2) and Equation (3),

_ L-S 995-195 80
Coefficient of Range =L +S “995+195°119- 0.672

~. Coefficient of Range = 0.672

Ex. 12.2.1 : Calculate mean deviation about mean and
median for the Data: 1, 2, 3,4,5,6,7,8,9,
|Z[ Soln. :
Mean deviation about mean :
We know,
_ X d
Mean = X = N an
- 2d)
Mean deviation about mean = ~

Now by given data obtain following table as,

X; d=x-X Id;!
1 —4 4
2 -3 3
3 -2 2
4 -1 1
5 0 0
6 1 1
7 2 2
8 3 3
9 4 4
2x;=45 2d; =20

_ & 45 5( Use this value )
@ X= N ~ 9 7 “\ln table for calculation

Id;l
L -0 2.22

(b) Mean deviation about mean = =9 =

ean deviation about median
We know,

X

Median = M =N and

ldd
N

Median deviation about mean =

Arrange data 1,2, 3,4,[5],6,7,8,9,
N=odd=9

. N+ 1\" ,
Median = 5 place observation

. 9+1 th th
Median = 5 =5"place

Median =5
Now by given data obtain following table as,

(MSBTE-Sem- | (Common to All))



Basic Mathematics (MSBTE)

(Statistics) ...Pg. No. (12-3)

X; d=x,-M Id;l
1 -4 4
2 -3 3
3 -2 2
4 -1 1
5 0 0
6 1 1
7 2 2
8 3 3
9 4 4
Dx =45 2. 1d1=20
Mean deviation about median = % = % =222

(b) Mean deviation about median:

X‘
We know, Median = M= —ZN ' and

. L 2 fildil

Median deviation about mean = T
Now by given data obtain following table as,

Xi fi C.F. Xi = M |d1| = I Xi = MI fi I di I
10 3 3 -2 2 6
11 12 15 -1 1 12
12 18 33 0 0 00
13 12 45 1 12
14 3 48 2 2 6

2 >t 1d) =

=48 36

Ex. 12.2.2 : Calculate mean deviation from mean an
median.

X; | 10|11 |12 13| 14

F,| 3 12|18 | 12
|Zl Soln. :

(a) Mean deviation abut mean

Mean deviation about mean:

Here N = 48 even
If number of observation is even, N = even

&G

Median =

2
(48 hogg A\
3 +(5+y)

Median = > = 24 ; 2 =24.5

It lies between C.F. (class frequency) 15 and 33

We know, Mean = X = @ and ». For C.F. = 33 corresponding value of x,= 12
i Median =M = 12
. 2. 1d) Now,
Mean deviation about mean =
2 o 2f0d] .
Now by given data obtain following table as, Mean deviation (M.D.) = z £ [From Equation (1)]
a | £ | fix - = | firay 6
Xi—X Idyl =1x; —x =5 =0.75 [Values from table]
=x - 12 I 48
Mean deviation (M.D.) from median = (.75
10 3 30 -2 2 6
11 12 132 1 1 12 Ex.12.2.3 (e R CER A EHS
Calculate the mean deviation about the mean of the
12 18 216 0 0 00 following data :
13 | 12 156 1 1 12 3,6,5,7,10,12, 15, 18.
14 3 42 2 2 6 M soin. -
2| 2fx, 21 1d We have,
=48 | =576 =36 Zix-xI Xld!
Mean deviation about mean = N =N
. - ZfiXi _ 576 12( Use this value )
(1) mean = x = Zf T 48 T in table for calculation _ > X;
i Where X = mean and x = N ...(2)

261l 36

Zf- =48 =0.75

(i1) Mean deviation abut mean =

Now from given data obtain the table as
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X d=x-X | ldl=Ix,- XI
X =95

3 -6.5 6.5
5 -4.5 4.5
6 -35 3.5
7 -25 2.5
10 0.5 0.5
12 2.5 2.5
15 5.5 5.5
18 8.5 8.5

2x, =76 2 1d, =34

Here, N =8
 x,
Mean x = ~ [From equation (2)
X = % =95
(Use this value in table for calculations
2141
..Mean deviation about mean = N

[From equation (1)
34
=9¢ = 4.25

. Mean deviation (M.D.) about mean = 4.25 ...Ans.

IS PR W-11, W-12, W-13, S-14, 4 Marks
Q. 6(a)(i), S-19, 3 Marks

Find the mean deviation from mean of the following
distribution.

Marks 0-10 10-20 | 20-30 30-40 | 40-50

No. of 05 08 15 16 06

student
|Zl Soln. : We know,

Selx-xl Zfra
Mean deviation about mean= = N -
2f
- - zfi X

Where, x=Mean andx= ...(2)

2f,

Now from given data obtain the table as :

Marks | Middle | No.of fix, di= |di| = fil i
(class | value | students Xi—X | o |
interval) X; fi -
X=
27
0-10 5 05 25 -22 22 110
10-20 15 08 120 -12 12 96
20-30 25 15 375 -2 2 30
30-40 35 16 560 8 8 128
40-50 45 06 270 18 18 108
Zfi=N= zfixi: Zfi|di
50 1350 |=472
Zf X .
Mean = [From Equation (2)]

2 f,
_ 1350
=750 =
Mean deviation about mean

D14

N [From Equation (1)]

( Use this value )
in table for calculation

_4n
- 50
=944

. Mean Deviation about mean =9.44

Ex. 12.2.5 [CHFEAED)

Calculate mean deviation about mean of the following
distribution :

(Values from table)

x 345 |6 (7|8
419 (10[8 [6]3

|Zl Soln. : We know, Mean deviation about mean
Selx-xl  Tria

= Zfi = N ...(D

_ zfi X;

where, X =mean and x= (2
2t

Now from given data obtain the table as :

X; fi fix; di=x-X [dif = fil

zess | ]

3 4 12 -23 2.3 9.2

4 9 36 -1.3 1.3 11.2

5 10 50 -03 0.3 3
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2

Xi f, fix; di=x-X [d] = fi| i X; di=Xi—§ d;
X=53 =% X=5
6 8 48 07 07 5.6 3 _2 4
7 6 42 17 17 102 4 -1 1
8 3 24 2.7 2.7 8.1 5 0 0
Dh=N=40 | Xfx =212 Df|d|=47.8 6 1 1
Zfi X; 7 2 4
Mean = X= z [From Equation (2)] 8 3 9
fi
212 9 4 16
X = —~— =5.3(Use this value in table for calculation)
40 > x, =45 2.4 =60
Mean deviation about mean
Zfldl M ___zxi_ﬁ |: Value X x; from table }
— ; _ ﬂ_l.lgs =1.20 can = X = N 79 and N = total numbers =9

X %0
. Mean Deviation (M.D.)about mean= 1.20
" Exercise 12.3

_Use this value
“~in table for calculation

Now, Standard Deviation (S.D.)

_ 60 (From Equation (1) and)
Ex. 12.3.1 [CRFHIED) c = 9 values from table
If mean 1s 82.5, standard deviation is 7.2, find co-efficient of 20
variance. = 3
M soin. : We know, c =258
Co-efficient of variation is, S.D. = c=2.58

Ex. 12.3.3 [(IR AR VET S

S.D.
C.V. = 2% 100 =2x 100 O rks ). o
VL X Find the standard deviation of the following frequency
table.
Given, Mean = X=82.5 andS.D.=6 =72 “e

Weekly expenditure below Rs. | 05 | 10 | 15 | 25

Substitute these values in Equation (1)

7 No. of students 06 | 16 | 20 | 46
Co-efficient of variation = mx 100 = 8.73
: |Z[ Soln
C.V. =873 e know,

Standard Deviation (S.D.)

Ex. 12.3.2 ([ BERAAED)

Find the standard deviation for the following data :

1,2,3,4,5,6,7,8,9 o = = N (D)
|Zl Soln. : We know,
. > d _ 22X
Standard Deviation (S.D.) o© = AN (1) | Where, x=Mean and X = .2
N Zfi
o _ X From the given data obtain the table as :
Where, d=x;,—X , X=Mean and X =N ...(2) 3
Weekly No. of fix; d;= d? fid,
For the given data obtain table as : expenditure | students f; (x- —i)
2 1
X; _ = d. below Rs.
i di=x;-X ! X=
(x) X =18.64
Xx=5
05 06 30 -13.64 186.05 1116.3
! —4 16 10 16 160 -864 | 7465 | 11944
2 -3 9 15 20 300 -3.64 13.25 265
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Weekly No. of % d= @ | fd’ SMPEYE(S-07, W-12, S-13, W-13, S-17,4 Marks
expenditure | studentsf; (Xi _;) Calculate the standard deviation for following
below Rs. — distribution.
(x) x=186 Class 0- | 5- | 10- | 15- | 20- | 25- | 30- | 35-
Z f=N= Z fx Z fd?= Frequency | 3 | 5 9 15 (20 |16 |10 |2
;38 _ 16I40I 44:;514 Also find : (i) variance
Z (i1) Coefficient of variance
f. x
Mean = X = ?:%_18 64 |Zl Soln. :We know, Standard deviation (S.D.) is
f.
(Use this value in table ) o = )
for further calculation / [J} ’
Standard deviation (S.D.) Eg
Zfl di2 . ==Wh x=M d x=—— 2
\ [From Equation (1)]"5: ee, e e Df. @
l._.l 1
4436.4 (Values from tabley {|7From the given data obtain the table as :
alues from table) ==
88 _'Hi Class | Middle Freg- | fix | d=x-X d? fid?
50 4136 ‘:: interval | values | uency Where
c =71 Ij (©h) | MVx| X=2138
S.D. = 7.1 0-5 25 3 7.5 -18.88 356.45 | 1069.3
Method Il :Standard Deviation (S.D.) Eg 5
D% v - 510 75 5 375 | -1388 | 192.65 | 963.25
°= N (x) | | 1015 | 125 9 | 1125 | -888 | 78.85 | 70965
Weekly No. of f x; xiz fixi2 'EE 15-20 175 15 2625 | -3.88 15.05 | 22575
lf’;penglt“(re) sl Q)| 2025 | 225 20 | 450 112 125 | 25
elow Rs. (x; T
05 06 20 25 150 25-30 275 16 440 6.12 37.45 599.2
10 16 160 100 1600 :‘?35 30-35 32.5 10 325 11.12 123.65 | 1236.5
35-40 375 2 75 16.12 259.85 | 519.7
15 20 300 225 4500 Ij_'.l
25 46 so | 625 | 2750 | Z;; 2t 214
- = =1710 =5348.4
Y Y P
Zfi =N fix; £x; L Z ¢
- i Xi
=88 =1640 = 35000 Mean =x= Z (From Equation (2))
f;
- Zfi X
Mean =x = —:w _ 1710
Seo 88 80
X = 18.64 (Use this value in table ) x = 21.38 (use this value in table)
for further calculation Now, Standard deviation (S.D.) is,
Standard deviation (S.D.) Z 5
f;d
o Zfl X, G = L [From Equation (1)]
6 = - ( ) zf,
35000 _ o [ 23484
=33~ (8. 64)’=\[50.28 = 7.09 =1\/ Tgo =V08.855
c =71 o = 8.176
SD. =71 i.e. S.D.=0c = 8.18
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Method Il :We know, Standard deviation (S.D.) is,

From the given data obtain the table as :

Zfi X? ) Class Middle | di= | Frequency | fix; d; td?
c = T‘ - ( X ) interval values | x; -X f;
5 -3 | e MY) | where
f; x; X -
— X=
Where x = s N = Zfi
zf- 50.8
1
2 : 0-20 10 | -408 20 200 | 1664.64 | 33202.8
Class Middle | Frequency fi X; X; fix;
interval values f, 20-40 30 | -208 130 3000 | 43264 | 562432
() (M.V) 40-60 50 -08 220 11000 | 064 140.8
0-5 25 3 75 6.25 18.75 60-80 70 19.2 70 4900 368.64 25804.8
510 75 5 375 56.95 281.95 80-100 90 39.2 60 5400 | 1536.64 | 92198.4
2—
10-15 12,5 9 1125 156.25 | 1406.25 2 | 26=500 2id=
= 207680
15-20 175 15 2625 | 30625 | 459375 * 25400
20-25 22.5 20 450 506.25 10125
Mean = T = 21 25400
25-30 275 16 440 | 75625 | 12100 | can= X = Sp 500
i
30-35 325 10 325 1056.25 10562.5 9 _
Mean = x = 50.8 (Use this value in table)
35-40 375 2 75 1406.25 28125 .. .
f Now, Standard deviation (S.D.) is,
zfi =80 zfi X Zfix? Zf d2
=1710 = 41900 G = i [ 207680
Zf 500
" — 1710 (From Equation (2) i
ean= X = g rom Equation
80 4 6 =+/41536
x = 21.38 (use this value in table) G = 2038
i.e. SD.=c = 20.38

Standard deviation (S.D.) is,

41900 2
c = Vw—(21.38)

o =1/523.75 - 457.1044 = 1/66.6456
c = 8.164
S.D.=c = 8.164

Ex. 12.3.5 [CRCATSERE R E S

Find the standard deviation of the following.

Class interval | 0-20 | 20-40 | 40-60 | 60-80 | 80-100

Frequency 20 130 220 70 60

IZI Soln. : We know,
Standard deviation (S.D.) is,

= N .1

Where, x= Mean and

N =21

(2)

Method Il :We know, Standard deviation (S.D.) is,

_ 2fix

Where, x =Mean and X = z
f;

Class Middle | Frequency | fiX; X fx’
interval values f;

(cl) (M.V) x;

0-20 10 20 200 100 2000
20-40 30 130 3900 900 117000
40-60 50 220 11000 | 2500 550000
60-80 70 70 4900 4900 343000

80-100 90 60 5400 8100 486000
D4=500 | X x, 2
=25400 = 1498000
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Zf X Z :
_ iXi 25400 fid, 39808.64
Mean=x =—— = 500 o = - 405'
zfi Zfi
Mean =x = 50.8 (Use this value in table) 6 = 14/98.29=991
1498000 2 SD.c = 991
c = \/—500 —(50.8)
Method Il
= /2996 — 2580.64 =+/415.36
o = 20.38 We know, Standard deviation (S.D.) is,
S.D. =c = 20.38
o =
Ex. 12.3.6 (TR XY ET{ A
Find the variance and coefficient of variance for the th
following distribution. o _ DY R
H=Where, x=Mean and x=
Class | 20- | 25- | 30- | 35- | 40- | 45- | 50- | 55 | e0- ([ 2t ;
interval 25 30 35 40 45 50 55 60 65 “;:‘1: Class Middle Frequency fix X? fiX?
g interval C.I. | valueXx; f;
Frequency | 35 | 30 | 50 | 90 | 75 | 60 | 35 | 25 | 15 B | 55 25 25 562.5 50625 | 1265625
M soln. : We know, Standard deviation (S.D.) is, —E} 2530 275 %0 825 7%6.25 226875
b 30-35 325 50 1625 1056.25 52812.5
EN_ 35-40 375 90 3375 1406.25 126562.5
G = () l::l 40-45 425 75 31875 1806.25 135468.5
) 45-50 475 60 2850 2256.25 135375
—I 50-55 525 35 1837.5 2756.25 96468.75
Where, Q)L
55-60 575 25 14375 3306.25 82656.25
e 60-65 65.5 15 937.5 3906.25 58593.75
N = zfi {2 Dh=405 | Xix 2
From the given data obtain the table as : \ g,_,'.' - 166375 7030813
Class | Middle | Frequency fi X; di=x -X df i 7232813
interval | valuex f; where 1]5 c = \/ 405 = _ (41.08)2——\'98.31 ..(3)
cl. =
x=25
2025 | 225 2 see5 | -1858 | as2ted | sea0at [ S.D. = =991
25-30 275 30 825 -1358 184.4164 | 5532492 |[[[TWe know,
30-35 325 50 1625 -8.58 736164 | 368082 L*: Variance = (S.D )2 -
35-40 375 90 3375 -358 12.8164 | 1153476 L-E )
] =
40-45 425 75 31875 142 20164 151.23 Variance = 98.31
.. . S.D. o
4550 | 475 60 2850 642 a12164 | 247294 1| Also, Coefficient of variance = 377 x 100 ="" x 100
50-55 52.5 35 1837.5 11.42 130.4164 | 4564574
55-60 575 25 1437.5 16.42 269.6164 | 674041 = 491'9018 x 100 =24.12
60-65 65.5 15 937.5 21.42 458.8164 | 6882.246 '
Sh=a05 | Ttx P = Coefficient of variance = 24.12
= 39808.64 Ex. 12.3.7 (WL kY EE
16637.5 Following are the marks obtained by two students
_ 2% 166375 Xand ¥
Mean = x= 5 =7405 (Value from table) Marks 44 | 80 | 76 | 48 |52 | 72 | 68 | 56 | 60 | 64
f; obtained by X
Mean x = 41.08 (Use this value in table) Mark.s N IO e R e e
obtained by Y
Now, Standard deviation (S.D.) is, Which of the students is more consistent ?
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M soln. : To find consistency first find coefficient of X; X, - X (x- = )2
variance. 63 25 . 6.25
We know, : .
SD. 69 8.5 72.25
Coefficient of variance = = Mean™ 100 = —>< 100 72 115 132.25
( _ )z 51 -95 90.25
X;—X
Standard deviation (S.D.) is, 6 = - N 57 -3.5 12.25
56 -4.5 20.25
Zf X
Where, X =Mean and X = Z Z =605 z =7425
f; z
X;
For X Mean :i:Tz%
Xi x;—X Where, X = 62 (xi —x) EE M - 605
= ean= X = 60.
44 — 18 324 (P'Now, Standard deviation (S.D.),
80 18 324 i
742.5
76 14 196 (0 o =T o =862
48 — 14 196 & SD.=c = 8.62
52 -10 100 I SD.
7 10 100 j::}j Coefficient of variation = Mean® 100 = —>< 100
68 6 36
EL = &x 100 = 14.25
56 -6 36 b 60.5
60 ) 4 I:“_:||Coefficient of variation of X>Coefficient of variation of Y
64 2 4 E;r *. Consistency of X < Consistency of Y
> =620 > =1320 Y student is more consistent.
Z X, 620 (JEx.12.3.8 m
Mean =X = N =10 I:jl_,'.l Two sets of observations are given below :
H Set - 1 Set - I1
Mean =X =62 '3!6 _ B
Standard deviation (S.D.) is, x =825 x =98.75
et c=7.3 o =28.35
1320
=\/"10 = =11.49 ED}Vhich of two sets is more consistent.
L}
— " = .D.
S.D. = ¢ = 11.49 E_M Soln. :We know, Coefficient of Vanatlon:ﬁx 100
. Coefficient of variation (C.V.) l_‘-"
B 73
: 11.49 _ For set | :Coefficient of variation =55z X 100 = 8.85
Mean x 100 = >< 100 = 60 X 100 = 18.53 ~82.5
Coefficient of variance = 18.53

ForY

X X, —X (xi -X )2
48 -12.5 156.25
75 14.5 210.25
54 -6.5 42.25
60 -0.5 0.25

For set Il :Coefficient of variation :% x 100 = 8.46

. Coefficient of variation of Set I > coefficient of variation
of set 11

~.Consistency of Set I < Consistency of Set II
Set II is more consistent

Chapter Ends...
[ | [
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