Differential Equation and Applications

EXERCISE 8.1 [PAGE 162]

Exercise 8.1 | Q 1.1 | Page 162

Determine the order and degree of the following differential equations.

2 . 2
d'r+(@) +8=0

e dt

Solution:

Az de \ 2

E + (E) +8=0

By definition of order and degree,
Order: 2 ; Degree : 1

Exercise 8.1 | Q 1.2 | Page 162

Determine the order and degree of the following differential equations.

&y’ (% P,

dz? dx -
Solution:

&y’ (W o,

dz? dz -
By definition of order and degree,
Order: 2 ; Degree : 2

Exercise 8.1 | Q 1.3 | Page 162

Determine the order and degree of the following differential equations.



3
d'y dy\’
E + |1+ (E) =0
Solution:
3
d'y dy \’
E + [1+ (E) =0

By definition of order and degree,
Order : 4 ; Degree : 1

Exercise 8.1| Q 1.4 | Page 162

Determine the order and degree of the following differential equations.
(y111)* + 2(y)* + 6yl + Ty = 0

Solution:

(y111)® + 2(yi)* + 6yl + Ty = 0

By definition of order and degree,

Order : 3 ; Degree : 2

Exercise 8.1 | Q 1.5 | Page 162

Determine the order and degree of the following differential equations.

H ()’ - (Ey)

dz

Solution:



dx

3
1 dy \?
——
(ﬂ) dx
Squaring on both sides, we get

1 dy ’
14— =\
i dy '\ (d‘r)
(%)
dy dy \°
(WY
dx dx
By definition of order and degree,

Order : 1; Degree : 5

Exercise 8.1 | Q 1.6 | Page 162

Determine the order and degree of the following differential equations.

dy d%
dI N dg_jg
Solution:

dy _ - dzy
d:l: N d:fz

By definition of order and degree,

Order : 2 ; Degree : 1
Exercise 8.1 | Q 1.7 | Page 162

Determine the order and degree of the following differential equations.

3.\ F
&)
dx



Solution:

3.\ F
(ﬂ) —9
dz®

Taking sixth power on both sides, we get
dgy B
da?

By definition of order and degree,

gﬁ

Order: 3 ; Degree : 1
Exercise 8.1 | Q 2.1 | Page 162

In each of the following examples, verify that the given function is a solution of the

corresponding differential equation.

Solution D.E.
xy = logy +k y' (1-xy) =y2

Solution: xy =logy + k

Differentiating w.r.t. X, we get



yl(1—zy) =y
. Given function is a solution of the given differential equation.

Exercise 8.1 | Q 2.2 | Page 162

In the following example, verify that the given function is a solution of the corresponding
differential equation.

Solution D.E.
d’y xdy
2
= _— - — et D
y=Xxn & 12 n Iz + ny
Solution:
y =x"

Differentiating w.r.t. x, we get

dy _ o
dr
Again, differentiating w.r.t. x, we get
d?
ey _ n(n — 1)z
da?
d? d
" 1:2_32*' — n;t:—y + ny

dI d-I

= n(n-1)x?x"2 - nx.nx"1+ nx"

= n(n-1)x"- n?x" + nx"



=[n(n-1)-n?+n]x"

=0

d? d
B Bl s 4 +ny=10

dax® dr

~. Given function is a solution of the given differential equation.

Exercise 8.1 | Q 2.3 | Page 162

In each of the following examples, verify that the given function is a solution of the
corresponding differential equation.

Solution D.E.

dy
y=e" S- =Y

Solution:
y =€
Differentiating w.r.t. x, we get

dy
d;t:_e
L dy

~. Given function is a solution of the given differential equation.

Exercise 8.1 | Q 2.4 | Page 162

Determine the order and degree of the following differential equations.

Solution D.E.
dﬂ

]
-1 -logx 2 —2Z =1
y g 122



Solution:

y =1-log x
Differentiating w.r.t. x, we get
dy 1
de =z

Again, differentiating w.r.t. x, we get

d’y 1

dIE T :E.'?.
d>

. xz_”&z’ 1
dz

. Given function is a solution of the given differential equation.

Exercise 8.1 | Q 2.5 | Page 162

Determine the order and degree of the following differential equations.

Solution D.E
dzy
= ae’ + be™* =1
Y da?
Solution: y = ae*+ be™ ...... (1)

Differentiating w.r.t. x, we get

d
4y —ae” —be ©

dx



% = ae” —be *
Again, differentiating w.r.t. x, we get
@ = ae” — be
dx?
&2y |
E =y ....[From (i)]

.. Given function is a solution of the given differential equation.

Exercise 8.1 | Q 2.6 | Page 162

Determine the order and degree of the following differential equations.

Solution D.E.
d2 dy\?> d
ax2 + by2 =5 ﬂryd—§ —l—;I:(Ey) = yﬁy
Solution:
ax % + by 2 =5

Differentiating w.r.t. x, we get
dy
2 2by—— =0 ..
ax + 20y I (1)

Again, differentiating w.r.t. x, we get

dy 2 d*y N
ZQ—I—ZIJ(E) —I—Zby(g) =0....00)

From (i), we get



_ by (dy
“= xz \ dx

Substituting the value of a in (ii), we get
by (dy dy d’y\
L (d$)+2b(dx) +Zby( )_o
dy
(@) (@) (2o
(2) () (%)
(% _ (dy
() v=() =)

.. Given function is a solution of the given differential equation.
EXERCISE 8.2 [PAGE 163]

Exercise 8.2 | Q 1.1 | Page 163

Obtain the differential equation by eliminating arbitrary constants from the following
equations.

y = Ae® + Be™

Solution:

y = Ae** + Be X (i)

Differentiating w.r.t. x, we get

@ — 3Ae’® — 3Be 3¢
dzx

Again, differentiating w.r. t. x, we get



dﬂy d 3z d —3x

= 3A (353I) — 35(—36_31}
~9Ae*® + 9Be **

:Q(AEEI 1 BE_E’I) = 9y .....[From(i)]
d’y
L—= =9

dz? 7

Exercise 8.2 | Q 1.2 | Page 163

Obtain the differential equations by eliminating arbitrary constants from the following

equation.

C1
y=cy+ —
Solution:
C1
y=cy+ .
Differentiating w.r.t. x, we get

dy —C

dx xr2

d
.Tg—y = —

dz

Again, differentiating w.r.t. x, we get

d2 d
2 @Y Y
T d.'rz + 2x =




Exercise 8.2 | Q 1.3 | Page 163

Obtain the differential equation by eliminating arbitrary constants from the following
equations.

y = (C1 + Cc2 X) eX
Solution: y = (c1 + c2 x) e*
s ye *=c1+ Cc2X

Differentiating w.r.t. X, we get

d
y(—e_r} +e ” d—i =0+4c

[ d
e (d—g - ) — Cy

Again, differentiating w.r.t. x, we get

ce( Ly _dy\ L (dy N\ _,
dz? dx dx

2
I_Ie_r(dy dy  dy ):0

de? dz dx Yy

dy _dy
Pt ) Y AP
dIE d.'r —I_ y

Exercise 8.2 | Q 1.4 | Page 163

Obtain the differential equations by eliminating arbitrary constants from the following
equations.

y = cie 3 + coe

Solution: y = cie 3 + coe &
Dividing throughout by e?* , we get
ye > =cieX+c2

Differentiating w.r.t. X, we get



d
—2ye ‘z + e 2 Y _ cre”

dz

- dy
. 2 T
e (dl:—2y)—cle

Dividing throughout by e*, we get

e > (% — Zy) = c]

Again, differentiating w.r.t. x, we get

d2y dy dy
-3 —3z o

Exercise 8.2 | Q 1.5 | Page 163

Obtain the differential equation by eliminating arbitrary constants from the following
equations.

y>=(x+c¢c)®

Solution: y2 = (x + ¢)3 ....(0)

Differentiating w.r.t. X, we get
d

Zyd—g = 3(z + ¢)? i)

Dividing (i) by (i1), we get



d
Zyd—i — 3(z +¢)” (i)

Dividing (i) by (ii), we get

P (z+o)
o 2
gy(%) 3(z + ¢)
_ Yy _:1:—|—c
() 3
3
L4+ ec= g
2()
3
Le=—x + J

2(i)

Substituting the value of c in (i), we get

Y= |X+|-z+ %Y




Exercise 8.2 | Q 2 | Page 163

Find the differential equation by eliminating arbitrary constants from the relation
X2 +y2 = 2ax

Solution: Given relation is

X2+ y? = 2ax ...(J)

Differentiating w.r.t. X, we get

dy
E —
Substituting (i1) in (i), we get

2z + 2y 2a ...(i1)

d
z* + yz = (21: +2yd_i)$

dy
2 2
o’ +yf =22° + Ty

d
Zmyd—z = yg — 2 which is the required differential equation.

Exercise 8.2 | Q 3| Page 163

Form the differential equation by eliminating arbitrary constants from the relation
bx + ay = ab.

Solution: Given relation is

bx +ay =ab

Differentiating w.r.t. x, we get

dy
b—l—ﬂ-a =0

Again, differentiating w.r.t. X, we get



a—; =0
dz”
d*y L o . .
F = 0, which is the required differential equation.
T

Exercise 8.2 | Q 4 | Page 163
Find the differential equation whose general solution is

x3 +y3 = 35ax.
Solution:
x> + y3 = 35ax ...(I)

Differentiating w.r.t. x, we get
d
322 4 3y2d—i — 35a ..
Substituting (i1) in (i), we get
dy
3 3 2
=3 3y ——
r +y ( T+ y2 do ):t:

dy

= _ 9.3 _
nad 4yt =32 + 3z de;E

s s dy o |
2 — vy + 3:1:y2 dr — 0, which is the required differential equation.

Exercise 8.2 | Q 5| Page 163
Form the differential equation from the relation

X2+ 4y? = 4b?

Solution:



Given relation is

X2 + 4y2 = 4b?
Differentiating w.r.t. x, we get
dy
2z +4.2y— =0
T &y dx

d
sz + 4yd—i = 0, which is the required differential equation.

EXERCISE 8.3 [PAGE 165]
Exercise 8.3 | Q 1.1 | Page 165

Solve the following differential equation.

dy 2
dw YT

Solution:

dy 5 (.9
o =ryty=(z"+1)y

édy = (:r:2 + l)d:r:

Integrating on both sides, we get

/%dy :f($2+1)dx

3

x
- log |y|:?—|—:1:—|—c

Exercise 8.3 | Q 1.2 | Page 165



Solve the following differential equation.

db

= = k(0 — )
Solution:
de :
o = —k(8 — 8p), k is constant.
D ka
B — 6Bp

Integrating on both sides, we get

f d z—k/dt
8 — 0,

~log |6 - B8p| = -kt +c

-0 - eD —e lkt+c

Exercise 8.3 | Q 1.3 | Page 165
Solve the following differential equation

(x®2-yx?)dy + (y?+xy?) dx=0

Solution:

(x° - yxzjdy 1 (ya + xyz} dx =0

= x2(1-y)dy = -y? (1 + x) dx
1—y 1+

(5 Jao= (5 o

Integrating on both sides, we get




Exercise 8.3 | Q 1.4 | Page 165

Solve the following differential equation.

dy _ dy
i
Solution:
»_dy 4y
Y7 e dx
dy
Lyt = (1 —
y'=(01+z) -
o dz dy
S (l+z) P
Integrating on both sides, we get
da__ [ dy
1+2 |
1
~logll +z| = 3F +c

~2y?log |1+ x| =—-1+2y%c



Exercise 8.3 | Q 2.1 | Page 165
For each of the following differential equations find the particular solution.

(x=-y?>x)dx - (y+x?y)dy=0,whenx=2,y=0
Solution:

{x—yzx]dx—{y+x2y]dy=[],whenx=2,y=0

»x(1-y2) dx = y(1 + x2) dy

. xdr  ydy
1422 1—92

Integrating on both sides, we get

2x 2y
dx = d
f1+x? v /‘kl—y2 /
2z —2y
de = — d
./1+:r:2 ; /1—;,;2 /

- log|1 + 2*| = —log|1 — | + log|c|
C
=

S (1+xD(1-y2) =c ()

lcrg‘ 1+ .'1*:2| = log

When x = 2, y = 0, we have

(1T+4)(1-0)=c

~ c=5

Substituting ¢ = 5 in (i),we get
(1+x%)(1y*) =5,

which is the required particular solution.

Exercise 8.3 | Q 2.2 | Page 165



For each of the following differential equations find the particular solution.
dy
1)— —-1=2e",
(z+1)-~ e

when y=0,x =1

Solution:

dy Ly
(:1‘:—|—1)d$ —1=2e

. dy 2

| dy  (2¢)

”(;E—i_l)d:r:_ ey
ey dx

A 2+eydy: 1+

Integrating on both sides, we get

e dx
dy:
24 e¥ 14+ x

~. log| 2+e¥| = log [1+x| + log |¢|

~ log [2+€Y| = log [c(1+x)]

Wheny =0, x =1, we have
2+e’=c(1+1)
~2+1=2c



3
Substituting ¢ = B in (i), we get

3
2—|—ey:E(1—|—$]

4+ 2e¥ =3+ 3
~ 3x - 2e¥ - 1 = 0, which is the required particular solution

Exercise 8.3 | Q 2.3 | Page 165

For each of the following differential equations find the particular solution.
d
y(1 —|—10g:1?)d—; —zlogx =0,

when x=e, y = e°.

Solution:
d
y(1 + lngm)d—; —zlogxz =0,

when x=e, y = e?.

~y(1+ log m)j—; =zlogx

2 y(1 + log x)dx = x log x dy

ldyz 1+ logax

dx
Yy xlogx

Integrating on both sides, we get



/' /' 1 —|—log:r:
dy =

;t:ltjg;t:
. log ly| = log |x log x| + log ||
- log |y| = log |cx log x|
Whenx =e, y = ez, we have
sy = cx log x ..(1)
e’ =celoge

E‘z = Cce

Lc=e
Substituting c = e in (i), we get

y = ex log x, which is the required particular solution.

Exercise 8.3 | Q 2.4 | Page 165

For the following differential equation find the particular solution.
dy/dx =(4x+y+ 1),

when y=1,x=0

Solution:

dy
dz

Putdx +y + 1 =1..(ii)

= (dz+y+1) .0

Differentiating w.r.t. x, we get



dy  dt

4+ de ~ dx
o dy  dit
- E_E_4""(|“)

Substituting (i) and (ii1) in (1), we get
dt

4=t
dt
dt

Integrating on both sides, we get

dt
m=/d"ﬂ

slog|t+4|=x+c

Slog|dx+y+1)+4|=x+c

~log|4x+y+5[=x+c..(iv)
Wheny =1, x =0, we have

log |4(0)+1+5/=0+c

~ c =log |6]

Substituting ¢ = log |6] in (iv), we get
log |4x +y + 5| =x + log |6]

~log |4x+y+5]-log|6] =X

dr +y+5
6

= log ‘

which is the required particular solution.



EXERCISE 8.4 [PAGE 167]

Exercise 8.4 | Q 1.1 | Page 167
Solve the following differential equation.

xdx + 2y dy =0
Solution:

xdx + 2y dy =0

Integrating on both sides, we get

f;t:d:c—l—Q/ydy:U

Exercise 8.4 | Q 1.2 | Page 167
Solve the following differential equation.

y2dx+ (xy+x?)dy =0
Solution:

y?dx + (xy + x2)dy =0

© (xy + x%) dy = - y* dx

dy Y

Cdxr Ty + x?

(1)



Puty = tx ..(i1)

Differentiating w.r.t. x, we get
dy ; dt
e +Id:1‘: (1)

Substituting (i) and (ii1) in (1), we get

t—i—;rdt _ —t2g2
dz z.tx + 2
.'.t—|—:r£ = —_tﬂmﬂ
dx tx? + x2
gt —t*z?
dz z?(t +1)
:,z:dt  —t .
dr t+1
dt —t2 —t2 — ¢t
T T i1
Codt (2t +1)
Pz T t+1
t+1 1
2t3—|—tdt: _EdI

Integrating on both sides, we get
t+1 1

f i ﬁ:-/—@
2t2 + ¢ z

.-.fﬁ—i_l_tdt:—/ldx
t(2t + 1) T




1 1 1
L —dt — dt =— [ —d
ft f2t—|—1 f:,n *
1
.'.Iog|t|—5|og|2t+1|=—Iog|x|+|og|c|
~ 2log|t]-log |2t + 1] = - 2log |x| + 2 log |¢]

2
oy 1‘ = —2log|z| + 2log|c|
x

Y
- 2log| | —1
8|~ og
~ 2log |y| - 2log |x| - log [2y + x| + log [X|
= -2log |x| + 2log ||
. log |y? | + log |x| = log |[c? | + log |2y + x|
= log ly? x| = log | ¢ (x + 2y)|

Xy 2 = c? (x + 2y)

Exercise 8.4 | Q 1.3 | Page 167
Solve the following differential equation.

xydx - (x3+y3)dy=0
Solution:

szdx—{x3+y3}dy=0

xzy dx = (x> + yg) dy

Ty
”d:r:_a:3—|—y3 -
Puty =tx ..(i)

Differentiating w.r.t. x, we get



dy dt

I = t+ ;EE (1)
Substituting (i) and (ii1) in (1), we get
t+ oz dt _ z?. .tz
de 3 4+ 323
. xﬁ _ x>t
dz z3(1+ )
dt t
Tdr T 1+
d t—t—t
Tz T 1 + 3
dt t
Tdr T 148
1 +t3 g 9=

T

Integrating on both sides, we get

[5E
(et o
.-./‘%Hf dt = — /—dx

= +1ﬂglfl — log|z| + log|cy|

1
—_—3t3 + log|t| = —log|z| + log|c|



1
(£)°
23

“37 + log|y| — log|z| = —log|z| + log|cy |

- +1
——. 4]
3 g

4] = 10gJa| + loglei]

73

- logly| + log|e| = S [— log|er| = logle|]

3
3y

Exercise 8.4 | Q 1.4 | Page 167

- loglye| =

Solve the following differential equation.

d — 2
Yy 4 r—2y _

de 2z —y
Solution:

dy x—2y

=0 ..

dx * 2 — y 0
Puty =t ..(11)

Differentiating w.r.t. x, we get

ﬁ =1+ xﬁ...(iii)
dx dx
Substituting (i1) and (ii1) in (1), we get
dt r — 2tz
t—i_mdx + 2x — tx =0
dt 1-—-2¢

+t+

— —t=0
Id:r: 2




dt 2t —t24+1 -2t

— —t=20

xd:r M 2
dt +1—t2 0

€Tr— =
dx 2 —t
dt 1 —¢2

Idx T2 ¢
2 —

L dt dz
1 -1t T
2—t dx

dt = —
2 -1 T

Integrating on both sides, we get

[ [
2 —1 T

" f(t%—i)_(tt— 1) dt:f%

t A B

Let 2 — _
TG FDE—D) T+l -1

L 2-t=At-1) + Bt + 1)
Putting t = 1, we get

~2-1=A(1-1)+B(1+1)
1

.-B:_
2

Putting t = -1, we get

2-(-1)=A(-1-1) + B(-1 + 1)

2



—% % d;t:
../t+1dt+ft_1dt:
.-._3 dt = E
2 t—l—l t—l xT

—3
Tlﬂg|t+ 1|+ Elﬂg|t — 1| = log|z| + log|e1|

~. —3log L4

E‘ = 2log|z| + 2log|ei]|
z

- -3 log y+x| + 3 log |x| + log |y -x| - log ||

=2 log |x| + 2 log |cq]

s log |y - x| = 3 log |y+x|+ 2 log |cq]

+ log |y- x [= log |(y+ x)?|+ log | ¢1*]
~ log |y - x| =log | c;? (x+y)?|

oy -x) = +y) 3 |e?
NOTES

r+y
L —1Y

1
Answer given in the textbook is log ‘ — Elﬁg|:r:2 — yz‘ + 2logzx = logc.

However, as per our calculation it is ‘(y -x) = c(x+y)3.

Exercise 8.4 | Q 1.5 | Page 167
Solve the following differential equation.

(x> -y?)dx+2xydy=0

Solution:



{Kz—yz)dx+2xydy=0

so2xy dy = {yz - x%) dx

W _Y T 6)
o= Sy 3
Puty = tx ..(iI)

Differentiating w.r.t. x, we get

dy dt
e t+ IE ...(221)

Substituting (i) and (iii) in (1), we get

dt B 222 — g2

i —
+Idx 2tz
a1 t_—(1+t2)
T T T 2t
t d
9 dt — — 2%
1+ ¢2 T

Integrating on both sides, we get

t dx
fz dtz—f—
1+ t2 T

. log |1 + t?] = -log |x| + log ||

e c
~log|l 4+ = | = log| —
og +:r:2 ogx
_ :132—|—y2 _c
. ; =

g :{2+y2=cx



Exercise 8.4 | Q 1.6 | Page 167

Solve the following differential equation.

dy

Ty Iy = z? + 2y2
Solution:
d
Y Ey =z° + 2
dy  z2+ 217 _
e o (2)
Y
Puty = tx ...(I1)

Differentiating w.r.t. x, we get
dy dt
2 — ¢ —
dx T dx
Substituting (i) and (i) in (i), we get

dt x? + 2272
t+x =

(1)

dz z(tz)
.. z? (1 + 2¢%)
T T

dt 1+ 2¢2 1+ ¢2
dx t t

t 1

g dt = —dzx
14 2 T

Integrating on both sides, we get

1 2t dx
— dt = | —
2 1+ ¢2 T




~log |1 +t?] = 2log x| + 2log |c4]
= log |x?] + log || ..[logcq? = log ]

~log |1 + t?] = log |cx 7|

1+ ’[2 = cxz

2

Xyl = ot

Exercise 8.4 | Q 1.7 | Page 167

Solve the following differential equation.

zdy

x Tr =22 + TY — yz
Solution:
d
I:Ed_i = :1:2 + Yy — yz
dy _rzy—y o
g = Al
dx x?
Puty = tx ...(i)

Differentiating w.r.t. x, we get

W _trel i
dr = .T_adx AT

Substituting (i) and (iii) in (1), we get

gt 22 + z(tx) — (tz)”
dz 2




St =
+$d;t! 2
dt
t+r— =1+1t—t2
dx
dt
— =14t—t
I:d:r M
dt
r - =1-¢
dx
dt _d:r:
122  z

Integrating on both sides, we get

/' b [de
(1)* - (8)° x

1 141 1
=1 1 1
2(1) Gg‘l ‘ g |ol +loglea - Q/a — 22 2a
1+t
- log sl log|z| + log|e,|
1-1¢
1+t
. log| —— + log|c:1$|
1-—
(i)
z 2
TR
.$+y_ 2=
Y G =

EXERCISE 8.5 [PAGE 168]

Exercise 85| Q 1.1 | Page 168

log

a—+x
a—

+



Solve the following differential equation.

dy N
dw YT

Solution:

dy -
dx YT

The given equation is of the form

dy
E*‘P’H-Q

T

I

where, P=1and Q = ™

pdx l.dx
.'.I.F.:ef :ef =e”

. Solution of the given equation is

y(I.F.) = /Q(I.F.)d1:+c
Loyet = fe_rerd:r:—l—c
yeI:f1d1:+c

Ly eX=x+c

Exercise 85| Q 1.2 | Page 168

Solve the following differential equation.



Solution:

dy
E—Fy—l’)

The given equation is of the form

dy
E—FW—Q

where, P=1and Q = 3

pdx ldz
.'.I_F_:Ef :ef = e

- Solution of the given equation is

y(I.F.]:/Q[I.F.)dI+c
syt = [serda o

nye*=3e*+ ¢

Exercise 85| Q 1.3 | Page 168

Solve the following differential equation.

d
md—i +2y =2%logz

Solution:

d
;t:—y +2y =2z’ logz

dx
Dividing throughout by x, we get
d 2
d_i + —Y= xlog x



The given equation is of the form
dy
a TPV=C

2
where, P =— and @ = zlogz
T

1

- IF. zel pdz = € / —dz = e*log|z| = elug|$2‘ = g
T

~. Solution of the given equation is

y(I.F.) = /Q(I.F.)d:t:+c
Lyt = f(:r: log )z dx + ¢

= /xglogmdx+c

_log:r/ dr — f( logﬁ:fxgdx)dx—l—c
T 1 /x
—Tlogm—/g(‘i)dx—l—c

4
1
=%10g:t—z 2*dx + ¢
' 1:2——410 m—ﬁ—l—c
B Bt R TG

Exercise 85| Q 1.4 | Page 168

Solve the following differential equation.

dy
(x +y)£ =



Solution:

dy
(:r:+y)£ =1

cdy 1

Tdr x4y
dy

il Ca)
cdz

d
The given equation is of the form d_:r: +Px=Q
Y

where, P =-1and Q =y

pdy —1dy
.'.I.F.zef zef —e ¥

~. Solution of the given equation is

z(I.F.) = [Q(IF Jdy + ¢

xe V= /ye_ydy+ c



x+y+1=ceY

Exercise 85| Q 1.5 | Page 168
Solve the following differential equation.

ydx+(x-y?)dy=0
Solution:

ydx+ (x-y?)dy=0

~ydx = (y?-x) dy

_d:c_yz—;t:_ oz
dy y YTy
dz = _
dy y Y

The given equation is of the form

dx
d—y+P$:Q

1
where, P= —and Q =y

Y
pdy Tdy :
”::Ef :e,f :eDE|y|:y

- Solution of the given equation is

z(I.F.)= fQ(IF )dy + c1

'- my:fy(y)dy= % +o

Lo3xy = y3 +c ...[3cy =]



Exercise 85| Q 1.6 | Page 168

Solve the following differential equation.

d
d—i +2zy ==
Solution:
d
d_i +2zy ==z
The given equation is of the form
dy
a TPV=C

where, P = 2x and Q = x
JrZ:r EII:EIE

IR =l _

~. Solution of the given equation is

y(LF) = /Q(I. F.)dz +c
yerz /xergdx +c

In R. H. S, put X% =t
Differentiating w.r.t. x, we get

2x dx = dt

22 ftdt
Loyet = e?—l—c

1
=§[etdt—|—c



1‘2 ]. .‘I.'ﬂ _|_
Sooye = —e C
Y 9

Exercise 85| Q 1.7 | Page 168

Solve the following differential equation.

dy
(z +‘1)£ =y+a
Solution:
dy
(z+a)-~ =y+a
dy Y a

The given equation is of the form

dy

a TEC
1 a
where, P = and () =
@ta) ™% @ra)
S F =TT
_ E]ug|1lﬂ| _ (I + H,)

~. Solution of the given equation is

y(I.F.) = fQ(I.F.)d:t:+c

...y(;xz—ka,):f (I:j_a)(:r—i—a)dm—i—c




.'.y($+a)=ﬂ/1d$+c
Ly(x+a)=ax+c¢

Exercise 85| Q 1.8 | Page 168
Solve the following differential equation.
dr + (2r)d6= 8d6

Solution:
dr + (2r)d6= 8d6

dr 5 g
— 4+ r =
do

The given equation is of the form

E—FP’PZQ

where, P=2and Q=8

pdg ady  ag
—pl” e

IF.=el

Solution of the given equation is

r(I.F.) = fQ(I.F.)dB—I—c

re2? — fSeEE' do + ¢

TEEEZBfEEB db + ¢



E,Eﬁ'

re’ = 8'? +c

re? = 4e® + ¢
EXERCISE 8.6 [PAGE 170]
Exercise 8.6 | Q 1| Page 170

In a certain culture of bacteria, the rate of increase is proportional to the number
present. If it is found that the number doubles in 4 hours, find the number of times the
bacteria are increased in 12 hours.

Solution:

Let x be the number of bacteria in the culture at time t.

Then the rate of increase is —>- which is proportional to x.

dx
dx
S X X
dx
. — = kx, where k is a constant
dt
dx
. — =k dt
X

On integrating, we get

fﬁzkfmtﬂ
X

~logx=kt+c
Initially, .e. when t = 0, let x = xg

slogxg=kx0+c

~ ¢ =log xo



. log x = kt + log xg

. log x - log xp = kt

lng(i) =kt ..(1)
1)

Since the number doubles in 4 hours, i.e. when t = 4,

X = 2Xq

becomes, lo O

When t = 12, we get

X 12
l B —— == — —
og(xn) 1 log2 =3 log 2

1 (—) log 8
- lo =lo
g g

X
L— =28
Xp

S X = 8}{[}
. number of bacteria will be 8 times the original number in 12 hours.

Exercise 8.6 | Q 2 | Page 170



The population of a town increases at a rate proportional to the population at that time.
If the population increases from 40 thousands to 60 thousands in 40 years, what will be

the population in another 20 years?

/3
(Given: 3= 1.224?)

Solution:

Let X" be the population at time ‘t’

dx
L X @
dt
dx , . .
Fri kx, where k is the constant of proportionality.
dx
L— =kdt
dt

Integrating on both sides, we get

d.
—I:kfldt
I

~logx=kt+c ..())

When t = 0, x = 40000

- log (40000) = k(0) + ¢

:. ¢ = log (40000)

. log x = kt + log (40000) ...(i1) [From (i)]

When, t = 40, x = 60000
= log (60000) = 40k + log (40000)
=~ 40k = log (60000) — log (40000)



60000
. 40k = log 10000

1 3
sk = Elog(a) mn

When t = 60, we get

log x = k(60) + log (40000) ...[From (ii)]

log & = —10g(%)] (60) + log(40000) ...[From (iii)]

3 3
~logz = Elﬂg(g) + log(40000)

]
2

=%1t}g(%) + log(40000)
3
=%10g( %) + log(40000)
=log (% \/g x log 4[}000)
~logz = log( 2SN 40000)
oo = 73482

.. Population in another 20 years, i.e., in 60 years will be 73482.

Exercise 8.6 | Q 3| Page 170

The rate of growth of bacteria is proportional to the number present. If initially, there
were 1000 bacteria and the number doubles in 1 hour, find the number of bacteria after
5/2 hours.



(Given: V2 = 1.414)

Solution:

Let 'x’ be the number of bacteria present at time t’.

dr
— X T

Cdt
dz

i kx, where k is the constant of proportionality.

E = kdt

€I

Integrating on both sides, we get

d
—mzk/dt
i

~logx =kt + ¢ ..(I)

Whent =10, x = 1000

- log (1000) = k(0) + ¢

. ¢ = log (1000)

. log x = kt + log (1000) ...(i1)[From (i)]
Whent =1, x = 2000

> log (2000) = k(1) + log (1000)

- log (2000) - log (1000) = k

k= lng(%) = log 2 ...(iii)



15)
2
+ log(1000) ...[From (ii)]
~logx = (%) log 2 + 1log(1000) ...[From (iii)

= log (23) + log(1000)
= log (4\/5) + log(1000)
- log (4000\/5)

= log (4000 x1.414)
- log x = log (5656)

- X = 5656

=

Thus, there will be 5656 bacteria after Bl hours.

Exercise 8.6 | Q 4 | Page 170

Find the population of a city at any time t, given that the rate of increase of population is

proportional to the population at that instant and that in a period of 40 years, the

population increased from 30,000 to 40,000.
Solution: Let P be the population of the city at time t.

Then ——, the rate of increase of population, is proportional to P.

dt

dP

dP
. —— = kP, where k is a constant.

dt



'E_kdt
..P—

On integrating, we get

f%szk/dt—l—c

~logP=kt+c

Initially, 1.e. when t = 0, P = 30000

- log 30000 = k x 0 + ¢ .. ¢ = log 30000
. log P = kt + log 30000

. log P - log 30000 = kt

1 P = kt 1
. log 30000 | ~ (1)

Now, when t = 40, P = 40000

40000
log(—) =k x 40

(M b 1 P 1 4 =1
g ecomes, log 30000 | = 40 og = log
P [4\®

30000 \ 3

AN
P =30000 | —
(5)

w|



L

4\
-. the population of the city at time t = 30000 (E)

Exercise 8.6 | Q5| Page 170

The rate of depreciation dV/dt of a machine is inversely proportional to the square of t +

1, where V is the value of the machine t years after it was purchased. The initial value of
the machine was % 8,00,000 and its value decreased %1,00,000 in the first year. Find its
value after 6 years.

Solution: According to the given condition,

dVv 1
X
dt — (t+1)
dVv —k L . .
" = 5 --[Negative sign indicates disintegration]
dt  (t+1)
—kdt
ndV = —
(t+1)

Integrating on both sides, we get

de=—k/@j—i)z

k
V=131t

when t =0, V = 8,00,000

- 8,00, 000 — +c

(0+1)
-.8,00000 =k +c..()

whent=1, V=7,00,000



k
(1+1)

- 7,00, 000 = e

k
= 7,00,000 = 2 + e ..(i1)
From (i) — (ii), we get
1,00,000 = %

-k =2,00000 ..(ii)
Substituting (iii) in (i), we get
¢ = 6,00,000 ...(iv)

when t = 6, we get
k
(6+1)
2,00, 000

=~ —5—— +6,00,000

= 6,28,571.4286

~6,28,571
~ Value of the machine after 6 years is % 6,28,571.
MISCELLANEOUS EXERCISE 8 [PAGES 171 - 173]

+c

Miscellaneous Exercise 8| Q 1.01 | Page 171

Choose the correct alternative.

dy\® &
d_y) ey + ye® = 0 are respectively.
T

The order and degree of ( —
de

1. 3,1
2. 1,3



3. 33
4. 1,1
Solution:

dy\® d°
The order and degree of (d—i) dxg + ye® = Oare respectively - 3, 1

Miscellaneous Exercise 8| Q 1.02 | Page 171

Choose the correct alternative.

dy \* d*
The order and degree of |1 + ( y) = S—y are respectively.
dx dm

3,1
1,3
3,3

4. 1,1
Solution:

g A

2
3

d ' d*y
1+ el —8%Y are respectively - 3, 3
da®

The order and degree of

dz

Explanation
2
d d?
[1 + ( y) ] —s2Y
dx dx?
Taking cube on both sides, we get
2
dy o3 dgy ’

.. By definition of order and degree,

Order : 3; Degree : 3



Miscellaneous Exercise 8| Q 1.03 | Page 171

Choose the correct alternative.

k
The differential equation of y = k; + 22 s
T

Options
d’y _dy
—= 422 =0
mz _|_ dﬂf
d’y . dy
2— =20
‘ IE - dx
dy ,dy _
dﬁgz dﬂf
d? d
229 2%
dz? dx
Solution:

ky

The differential equation of y = k1 + Is @
T

Explanation

ks
:k —_
Y 1—|-$

~oxy = xky + ko

Differentiating w.r.t. x, we get

dy
Y+ T = k1



Again, differentiating w.r.t. x, we get

dy dy d*y
dz T de T2 =0

dy _dy
..mdxz —|—2d$ =0

Miscellaneous Exercise 8 | Q 1.04 | Page 171

Choose the correct alternative.

The differential equation of y = kje™ + kse * is

Options
d?.
Y —y=0
dx”
&y d
Yy 4 Y _o
de?  dz
d? d
Ly Ay,
dx dx
d’y
—< 4 —
da? /
Solution:
. . . . L. d’y
The differential equation of y = kye® + kse “is — —y =0
x
Explanation

y=kie® + kye *



Differentiating w.r.t. x, we get

d
d_i = kie® — koe ©
Again, differentiating w.r.t. x, we get
d’y o g
Q = klE —l— kgfﬁ
2y
 da? s
d*
S
dx

Miscellaneous Exercise 8| Q 1.05 | Page 171

Choose the correct alternative.
The solution of dy/dx =1 is
X+y=cC

Xy =cC

w N e

4, y=x=c
Solution:

The solution of —2 = 1 sy-x=c¢

dx
Explanation
d
dy
dx
o dy = dx

Integrating on both sides, we get



fo [

Y= X+ C
LY -X=C
Miscellaneous Exercise 8| Q 1.06 | Page 171

Choose the correct alternative.

d z? .
The solution of —y + ? =0is
1. x3+y3=7
2. X2+y?=¢
3. x3+y3=¢
4, xX+y=c
Solution:
d 2
The solution of —2. + = =0isx3 +y3

de 17
Miscellaneous Exercise 8 | Q 1.07 | Page 172

Choose the correct alternative.

The solution of z—2. = ylogyis

dx
y = ae®
y = be*

w N E

y = be
4. y=e>
Solution:

d
The solution of z—2. — ylogyisy = e

dz



dy
;t:a =1ylogy
dy  dzx
ylogy or

Integrating on both sides, we get

/ /—d;t:
ylogy

- log log(y)=log x + log a
. log log(y)= log xa
- logly)=

Ly = paX
Miscellaneous Exercise 8| Q 1.08 | Page 172

Choose the correct alternative.
Bacteria increases at the rate proportional to the number present. If the original number
M doubles in 3 hours, then the number of bacteria will be 4M in

1. 4 hours

2. 6 hours

3. 8 hours

4. 10 hours
Solution: Bacteria increases at the rate proportional to the number present. If the
original number M doubles in 3 hours, then the number of bacteria will be 4M in 6 hours

Miscellaneous Exercise 8 | Q 1.09 | Page 172

Choose the correct alternative.

—I

dy
The integrating factor of —— =€
e Integrating Tactor o Iz +y=¢e



2. —X
3. e
4, e X

Solution:

d
The integrating factor of d—y +y=e “-e
T

Explanation

d
The given equation is of the form ' +py=0Q
T

d

where, P = 1and Q = e”*

pdr__[ldz_.z
IF=el"Ee

Miscellaneous Exercise 8| Q 1.1 | Page 172

Choose the correct alternative.

The integrating factor of 9 _
dx

1. ye™=x+cC

2. ye*x=x+c

3. ye*X=2x+c

4. ye*=2x+c
Solution:

The integrating factor of 8y = etis e then its solution is ye ~

dzx

= e”is e*, then its solution is

X

=X+



Explanation

dy .
dz  J7°€

Here, LF. = e, Q = &*

.. Solution of the given equation is

y(I.F.) = /Q(IF )dx + ¢

Lye T = fexe_xd;r +c

Miscellaneous Exercise 8| Q 2.1 | Page 172
Fill in the blank:

The order of highest derivative occurring in the differential equation is called
of the differential equation.

Solution: The order of highest derivative occurring in the differential equation is
called order of the differential equation.

Miscellaneous Exercise 8| Q 2.2 | Page 172
Fill in the blank:

The power of the highest ordered derivative when all the derivatives are made free from
negative and / or fractional indices if any is called of the differential
equation.

Solution: The power of the highest ordered derivative when all the derivatives are
made free from negative and/or fractional indices if any is called degree of the

differential equation.

Miscellaneous Exercise 8| Q 2.3 | Page 172



Fill in the blank:

A solution of differential equation which can be obtained from the general solution by
giving particular values to the arbitrary constants is called solution.

Solution: A solution of differential equation which can be obtained from the general
solution by giving particular values to the arbitrary constants is
called particular solution.

Miscellaneous Exercise 8| Q 2.4 | Page 172
Fill in the blank:

Order and degree of a differential equation are always integers.
Solution: Order and degree of a differential equation are always positive integers.
Miscellaneous Exercise 8| Q 2.5 | Page 172

Fill in the blank:
The integrating factor of the differential equation dy/dx —y = x is
Solution:

The integrating factor of the differential equation —y—y —zrise ™

dx -

Miscellaneous Exercise 8 | Q 2.6 | Page 172
Fill in the blank:

The differential equation by eliminating arbitrary constants from bx + ay = ab is

Solution:



The differential equation by eliminating arbitrary constants from bx

dﬂ
+ay=abis —2 =0

dzx

Explanation
bx + ay = ab

Differentiating w.r.t. x, we get

dy
b+aa =0

dy —b

" dx a
Again, differentiating w.r.t. x, we get
d’y B

a2

Miscellaneous Exercise 8| Q 3.1 | Page 172

State whether the following is True or False:

The integrating factor of the differential equation 9 _ y=umxise™

dz

1. True
2. False
Solution:

The integrating factor of the differential equation Ey —y=u=xise™- True
Miscellaneous Exercise 8 | Q 3.2 | Page 172
State whether the following is True or False:

Order and degree of a differential equation are always positive integers.



1. True

2. False
Solution: Order and degree of a differential equation are always positive
integers.- True

Miscellaneous Exercise 8 | Q 3.3 | Page 172
State whether the following is True or False:
The degree of a differential equation is the power of the highest ordered derivative when
all the derivatives are made free from negative and/or fractional indices if any.

1. True

2. False
Solution: The degree of a differential equation is the power of the highest ordered
derivative when all the derivatives are made free from negative and/or fractional indices
if any. - True

Miscellaneous Exercise 8| Q 3.4 | Page 172
State whether the following is True or False:
The order of highest derivative occurring in the differential equation is called degree of
the differential

1. True

2. False
Solution: The order of highest derivative occurring in the differential equation is called
degree of the differential equation. - False

Miscellaneous Exercise 8| Q 3.5 | Page 172
State whether the following is True or False:
The power of the highest ordered derivative when all the derivatives are made free from
negative and / or fractional indices if any is called order of the differential equation.

1. True

2. False
Solution: The power of the highest ordered derivative when all the derivatives are
made free from negative and / or fractional indices if any is called order of the
differential equation. - False



Miscellaneous Exercise 8| Q 3.6 | Page 172

State whether the following is True or False:

d d
The degree of the differential equation el = d_y -+ cis not defined.
x

1. True

2. False
Solution:

. . s dy .
The degree of the differential equation ed = dr + cis not defined. - True
x

Miscellaneous Exercise 8 | Q 4.01 | Page 172

Find the order and degree of the following differential equation:

3
[@Hr _dy
/ _

dx dz’
Solution:
3
T
[daig +$] _ 4y
dx dx

Squaring on both sides, we get

d*y ’ d*y ?
e Bl )
dx dx

By definition of order and degree,

Order: 3 ; Degree : 3

Miscellaneous Exercise 8| Q 4.01 | Page 172



Find the order and degree of the following differential equation:

2
m—l—ﬁ:l—k(ﬁ)

dx dx
Solution:
dy dy '\

By definition of order and degree,
Order: 1; Degree : 2

Miscellaneous Exercise 8 | Q 4.02 | Page 172

Verify y = log x + ¢ Is a solution of the differential equation

d’y . dy
=0
xdmz * dz
Solution:

y =logx +c

Differentiating w.r.t. x, we get

dy 1

~. Given function is a solution of the given differential equation.

Miscellaneous Exercise 8 | Q 4.03 | Page 172



Solve the differential equation:

d
d—i=1+$+y+xy
Solution:

W o triy+
de rTyrTy

=(1 +x)+ vy (1+x)
=(T+x)(1 +y)

L dy
g m_(l—l—:r)d:r

Integrating on both sides, we get

i:/uﬂ)d:g

I+y
2

T
- log|1 + y| =;t:—|—?—|—c

Miscellaneous Exercise 8| Q 4.03 | Page 172

Solve the differential equation:

dy
edt —

Solution:



. dy = log x dx

Integrating on both sides, we get

fdyz f(log;t:)ldm
—lﬂgxfldx—f[ (lﬂgx]/ld;t:] x

leog:r—[g.xdm

=;13log$—/d:1:

Ly=xlogx-x+c¢

Miscellaneous Exercise 8 | Q 4.03 | Page 173
Solve the differential equation:
dr=ard6-6dr

Solution:

dr=ardB -6dr

~(1+8)dr=ardb
dr 9

— {j—
r (1+06)
Integrating on both sides, we get

dr db

T 1486



log|r|=alog|1+8|+Ilog|c|
~log|r|=log|c(1+6)°
~r=c(1+0)°

Miscellaneous Exercise 8 | Q 4.03 | Page 173
Solve the differential equation:

Find the differential equation of family of curves y = eX (ax + bx?), where A and B are
arbitrary constants.

Solution: y=e¢* (ax + bx?)

sy = xe* (a + bx)

=a-+ bx

.' re®
Differentiating w.r.t. x, we get
d
re® % — (y(e® + we”))
z2(e)?
dy

T —y—xyY
2 =b

=b

ree®

Again, differentiating w.r.t. x, we get
d 4 d d d
-xzer(d—z + a:d—; — = —y— .:Ed—z) — (m% —y— my) (:1:2&1 + 2$EI)

(227’

:ref[;c(;r% — —mj—z) — (.’1‘:% —y—:t‘:y)(;t:—l—z}] =0

dy
2% 29 @y 2 - _
LT Ty — T (:13 . YT y+ 2x 2y 2:13y) =0

=0



d d
Ty —xzd—z—kmy—kmzy—h:ay + 2y + 2zy =0

d’y dy dy
. a2 2 2 .

Miscellaneous Exercise 8 | Q 4.04 | Page 173

Solve

dy z+y+1 2 1
T $+y—IWE?L$ 3::1,11 Y 3
Solution:

dy z+y+1

de r+y—1 1)

Putx +y =1t (1)
Ly =t-x

Differentiating w.r.t. x, we get

% = % — 1 ..(ii0)
Substituting (i) and (iii) in (1), we get
a | tr1
dx t—1

dt t+1 t+1+t—1
dr t—1 1T +tj1

dt 2t

; dz t—1



1

Integrating on both sides, we get

J(o= )

~t-log|t|=2x+c
~x+y-logx+y =2x+c

L-logx+yl=x-y+cC

2 1
Putting z = 3 and y = 3 , we get

1
—log(1) = 3 +c

1
w—logle+yl =2~y

-J%ﬁ+m=y—$+%
Miscellaneous Exercise 8 | Q 4.05 | Page 173
Solve

y dx — x dy = —-log x dx

Solution: y dx — x dy = — log x dx

Dividing throughout by dx, we get



Yy — m% = —logx
dy
—T +y=—logzx

dy
a TPV=C
1 1
where, P=—— and Q = e
T x
Tz, logz
LIF = el
:EIGgI ! _ :I!_l _ l
x

~. Solution of the given equation is

y(I.F.) = fQ(I.F.)dﬂ:—Fc

E:/hgx x Zd+c

£ £L £

INR.H.S, putlogx =t ..(I)

-y = el

Differentiating (i) w.r.t. x, we get

ld:t‘:zdt
T




t
_t t—|—t‘3

Ble 8|

/te dt + ¢

= tfe‘fdt— /(di(t) X fe_fdt)dt—l—c
et [e e

= —te f+/ T A

=—te‘t—e‘t+c

 —t—t
= Et +C
—1 —1
_ og & +e
£

Yy =ex—(1+ log x)
Llogx+y+1=cx

Miscellaneous Exercise 8 | Q 4.06 | Page 173

Solve

d
ylog ydy +x—-logy =0

Solution:

d
ylog ydz +x—-logy=20
dzx 1 1

T =—

. +
dy  ylogy Yy




d
The given equation is of the form d_:r +pr=0Q
Y

1 1
and () = —
ylogy @ y

where, P =

1
CLF. =el" W — "™ dy _ logllogyl _ logy

~. Solution of the given equation is

z(I.F.)= fQ(IF )dy + ¢

1
~x.logy = fglugydy—kcl

InR.H.S, putlogy =t

Differentiating w.r.t. x, we get

1
— dy=dt
Y
2

(2
~xlogy = ftdt—i—cl =3 +a

INR.H.S., putlogy =t

Differentiating w.r.t. x, we get

1
— dy =dt
Yy
2

i
ﬁ:logy:ftdt—l—cl =3 + e

(logy)’
2

~xlogy = + e

=~ 2xlogy = (logy)?+c ...[J2c1=C]



Miscellaneous Exercise 8 | Q 4.07 | Page 173
Solve:

(x +y) dy = a2 dx

Solution:

(x +y)dy = a® dx
dy a’

s = . 1)

Putx +y =t ..(i)
Ly=1-%

Differentiating w.r.t. x, we get

o dy dit

R e 1 ...(n)

Substituting (i) and (ii1) in (i), we get

dt a’

@ T

' ﬁ = Q_E +1

S dx ot

o dt a®+t

dx

g t dt = dx
a4+t

Integrating on both sides, we get



a’ +t) — a?
f( 2) ¢ dtzfd:r:
a* +t
9 1
1dt — a 5 dt = [ dz
a +1

.'.t—azlog|32+t|=}<+c1

.'.x+y—azlog|32+x+y|=x+c1
wy-a’loglaZ +x +y| = c
~y-cq=alogla’+ x + |

G,_E;_% zlog‘az—i—x—l—y‘

cl
yug

aﬂ_i_x_'_yzea?.e

u el
£ 3
nal x4 y=ce” .. [c:e”’ ]
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Solve

Solution:

dy 2 2
dz 2?7

The given equation is of the form



dy

E*‘Py:fc?
where,Pzg and Q = z°

1 2
pde_ 3 [TdE, 2logz_ logz”_,2
L LF. =el” =

- Solution of the given equation is

y(I.F.) = / Q(I.F.)dz + ¢,
) = [ i

- aty = ;134/d:1:—|—¢:1

9 z®

XY = ?—i—cl

szy =x +c .[c= 5¢q]
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The rate of growth of population is proportional to the number present. If the population
doubled in the last 25 years and the present population is 1 lac, when will the city have
population 4,00,0007?

Solution:

Let ‘x’ be the population at time ‘t’ years.

da
 dt
dz

~. — = k&, where k is the constant of proportionality.

dt

ol



Integrating on both sides, we get

d
—Ezk/ﬁ
I

~logx=kt+c ..())

When t = 0, x = 50000

= log (50000) = k (0) + ¢

~. ¢ = log (50000)

= log x = kt + log (50000 ...(i1)[From (i)]
When t = 25, x = 100000, we have

log (100000) = 25k + log (50000)

- log 2 = 25k
1

When x = 400000, we get

log(400000) = [2—1510g(2]] t + log(50000) ...[From (ii) and (iii)]

1o [ 400000
%8 50000

¢
— ' log?2
] 25 %
log8 = —log?
. Dg = 25 Dg

t
. 3log2 = —log2
og o5 108



t
L= =23
25

..t =75 years.

Thus, the population will be 4,00,000 after 75 — 25 = 50 years from present date.
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The resale value of a machine decreases over a 10 year period at a rate that depends
on the age of the machine. When the machine is x years old, the rate at which its value
is changing is ¥ 2200 (x — 10) per year. Express the value of the machine as a function
of its age and initial value. If the machine was originally worth %1,20,000, how much will
it be worth when it is 10 years old?

Solution: Let ‘y’ be the value of the machine when machine is X’ years old.
- According to the given condition,

dy
o= 2200(z — 10)

. dy = 2200(x — 10) dx
Integrating on both sides, we get
[1dy =2200 [ (x-10) dx

2
-y = 2200 (% _ lﬂm) +e

.y = 1100 x% — 22,000 X + C
when x = 0,y = 1,20,000

~1,20,000 = 1100(0)2— 22,00(0) + ¢



-.¢=1,20,000

~. The value of the machine can be expressed as a function of it's age as

y = 1,100x% — 22,000x + 1,20,000
Initial value: when x = 0, y = 1,20,000

-. when x = 10,

y = 1100(10)? — 22,000(10) + 1,20,000
= 10,000

.. The machine will worth X 10,000 when it is 10 years old.
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y2 dx + (xy + x?)dy =0

Solution:

y2 dx + (xy + x2)dy = 0

 (xy + x%) dy = -y? dx

Ay Y

"z agrar

Puty = tx ...(1)

Differentiating w.r.t. x, we get

dy b
dr —Ht:d:t: LG(100)

Substituting (i) and (i) in (1), we get
dt —t2a?

~t4x =
" dx z.tx + x2




dt — 252

ot —
+$d9: xz(t—l—l]
dt 2
T = —
dx t+1
dt 2 2 ¢
L
dx t+1
Cdt —(288+1)
| xd:r B t+1
t11 1
g ) dt = ——dx
2t2 + ¢ T

Integrating on both sides, we get

/ t+1 dt:-/idx
2t2 4 ¢
I_I/2t+1—t [_dm
t(2t+ 1)
1
Jra- [ e [t

1
- loglt| — Elug|2t + 1| = —log|z| + log|c|

. 2log| t]-log |2t + 1| = -2log |x| + 2 log ||

2y

- 2log — + 1‘ = —2log|z| + 2log|c]|
T

E‘—l«:::g
x

. 2log |y| - 2log [x] - log |2y + x| + log |x| = - 2log |x| + 2log ||

~ log |y2| + log |x| = log |r:2 |+ log |2y + X|

~ log |y2x| = log |c2{:u: + 2y)|



~ log |y2x| = log |c2{x + 2y)|
g J{}fz = ¢? (x + 2y)
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Xy dx —(x3+y3)dy=0
Solution: X2y dx — (x3+y3) dy=0

g xzy dx — (x> + y3) = dy

S s
Cdx x>+ 1P -
Puty = tx ...(i1)

Differentiating w.r.t. x, we get

dy ey dt i
dr = T I Il
Substituting (i) and (ii1) in (1), we get
- dt 2. tx
€T =
dz x3 + 323
by dt x3.t
dx z*(1 4+ t%)
dt B t
* de 1+
o odt
o de 1+
1+t d
S P
t4 T

Integrating on both sides, we get



[5Ean [
SGv a1
.-./—4dt+f dt = — /—d;::

—3 + log|t| = —log|z| + ¢
~33 + log|t| = —logl|z| + ¢
1 1 Y
Jl - 1
-
3

37 + log|y| — log|z| = —log|z| + ¢

3
~logly| — 37 C
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d
Iyd—i =22+ 2y2

Solution:
Ty E — 22 + Zyz
dzx
d 2 .
g 4y =z’ + _y2 (1)
dx Yy
Puty =tx ...(ii)

Differentiating w.r.t. X, we get



dy _, ., dt
dﬂj_ Idﬂ?

Substituting (i) and (i) in (i), we get
dt x? 4 2222

(ir)

¢ —
T z(tz)

ot z® (1 + 2t%)
. Ydr T r2t

dt 1+ 2t 1+ ¢2
A — 1=

dz t t

i
g dt = ld:,t:
14 2 T

Integrating on both sides, we get

1 2t dx
— dt = | —
2 1412 T

1
Elog| 1+ t2| = log|z| + log|¢|

~log |1+ t%| = 2log|x| + 2log |c|
= log |x? | + log |c?

~log 1 + t2 | = log |=:2 }{2|

1+ ’[2 = cz}{z
L1+ i — 2z’
72

L xe + y2 = 2 x*
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(:::+2y3)% =1y

Solution:

The given equation is of the form

dx
dy +pz=0Q

1
where, P = —— and Q = 2y°
Y
ldy

» 1
F=el™ =l

_ E—lngy _ E]Ggy—l

= yA =)y

~. Solution of the given equation is

x(I.F.) = [Q(LF) dy + c

E2]£cﬁt,¢r—|—ﬂ
Y Y



EQ/ydy—l—c

Y
.'.E2/£—|—c
Y Yy

X =y(c+ yzj
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ydx—xdy+logxdx=0
Solution: ydx—xdy +logxdx =0

y dx—xdy = - log x dx

Dividing throughout by dx, we get

y—m% = —logx
dy
LT +y=—logz

dy 1 logz

dzr  zy x

The given equation is of the form

dy

a TH=0
1 log =

where, P=—— and @) =
T T
Fdz, logz

IF.=el™ =
_ E]ugr ! 15_1 _ l



~. Solution of the given equation is

y(I.F.) = /Q(I.F.)d:t:+c

E:/k’gx x Ldz +c

I €I xr

InR. H. S, putlogx=1t..()

-y = el

Differentiating (i) w.r.t. x, we get

—d:r:—dt

/—dt+c

/te dt + c

e 'dt — i(t)x e 'dt |dt + c
dt '

- —tet /( e dt—l—c

= —te t—l—/ “tdt 1+ e

[l i
c_:"_‘) H|’~'-:E chr.e

=—m4—eq+c

-t
= Et +c
—logz —1




~y=cx—(1+logx)

Miscellaneous Exercise 8| Q 4.16 | Page 173

% =logz
Solution:
Ay = logx
dz
- dy = log x dx

Integrating on both sides, we get

[1dy=[ (logx = 1) dx

yzlﬂg:{:( f 1d;t:) - / [é(lﬂg;{:) / ldml
g 1ng(m)f(é x g;) da

= xlog x— [ 1dx

~y=xlogx-x+c
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Solve

logy 2%
— =logy—=x
ylogy - =logy

Solution:

ylogy , =logy =

logy o 4z —1
yﬂgydy L = 10g8Y



_d;t? 1 1

. —+ T
dy  ylogy Yy

dy

The given equation is of the form i
1 1
where, P = and Q = —
ylogy y

1
Toy
I* F, _ Efpd!ﬂ:gfy 1] dy=ﬂlcrg|]ugy|=logy

- Solution of the given equation is
z(I.F.)= fQ(IF )dy + 1

~xogy = 1y/10gydy—l—c1

InR.H.S, putlogy =t

Differentiating w.r.t. x, we get

1
—dy=dt
Y
tﬂ
Lxlogy = tdtf—Fm ) +aca
1
xlogy = (Dggy) c1

~ 2xlogy = (logy)? + ¢ ..[2cq = ]

! 2
x logy = E(Ic:rgy} +C

+pr=Q



