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Question 1 (**)
Find a general solution of the differential equatio

3y2$/+ 2x=1
dx

giving the answer in the formy® = f (x).

y3 = A- X%+ X

Question 2 (**)
Find a general solution of the differential equatio

ﬂ/=xy, x10,ytO0,
dx

giving the answer in the forng = f (X).

1,2

y = Ae?
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Question 3 (**+)

Find a general solution of the differential equatio
dy
—=(y+1)(1- 2x), yt- 1.
5 (- 2,y

giving the answer in the forny = f (x).

Question 4 (**+)

Find a general solution of the differential equatio

dy_

ytanx,y>0
dx

giving the answer in the forny = f (x).
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Question 5 (**+)

Find a general solution of the differential equatio

Ay _peey
dx

giving the answer in the forny = f (x).

y=|n(2eX+C)

Question 6 (***)

Find a general solution of the differential equatio

xzﬂ:xw y, xt0, ytO0,
dx

giving the answer in the forng = f (X).

[the final answer may not contain natural logaritims

1 y=axe
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Question 7 (***+)

Find a general solution of the differential equatio

(x2+3)% =xy, y>0,

giving the answer in the formg® = ().

y? = A(x2+3)

Question 8 (***+)

Show that a general solution of the differentialagpn

e Y
dx .x
is given by
y= X
1+ Ax’

where A is an arbitrary constant.

proof
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Question 9 (***+)

Find a general solution of the differential equatio

X

dy__ x
dx sinycosy’

giving the answer in the fornf (X, y) = constan.

cosy+ 48(x- )1=C or Yx PN sy C or %6x 41 oy C

Question 10 (***+)

Find a general solution of the differential equatio
ﬂcosz X= y2 sirf x
dx

giving the answer in the forng = f (x).
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Question 11  (***+)
Find a general solution of the differential equatio

secx = cof ¥
dx

giving the answer in the fornf (x, y) = c.

3tan2y- 6+ 2sin¥x C

Question 12 (***+)

Find a general solution of the differential equatio

ezxﬂ = cosely
dx

giving the answer in the fornf (x, y) = c.

2x+262%- sind= C
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Question 13 (****)
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Show that a general solution of the differentialapn

is given by

53 2y? - Ty+ 3
dx

y= Ae*- 3
2A€E- 1

where A is an arbitrary constant.
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Question 14 (****+)

Show that a general solution of the differentialapn

eX+2y%+(1- x)°= 0

is given by
y=£|n 2e'x(><2 +])+ K,
2
where K is an arbitrary constant.

proof
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Question 15 (*¥***¥)

2Xﬂ=x- w3, x>0.

dx

Determine a general solution of the above diffeagnequation, by using the
substitutionu = y\/}.
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(*****)

Question 16
By using the substitutiory = xu, whereu = f(x), or otherwise, find a simplified

general solution for the following differential eafion.

xﬂ =2x% + 2Xy+ y.
X

L ly= Axe *- A
y

A < o p 2 4y @OATENATINE wmbor THE SoRSTTURIEN
ax Y B
= 13‘% =204wy+ Y
= af-oay-y =t

= %&—25“%:h

= #leg -

© USING THe SORSTITUTION Giun)
= Y= 2u&)

= C—f& < lxud + a L (u6)

:7%\43 —u {1%
@ LRSTIIVE o Te 0.0 iR o
kL e N 3 f2-t -2 -lna ) 2 -
=alovadt] = 2a(au) + 2 e ek (R e P :‘Ich
e Ay o2 2
= s 4 P = P20k g O e cag
- du 2 2
= 115 = 2% s % d |- (L=
= glate™] = = (&%)
T eae 2
BT EE

= ﬂ%izazu
f :
= |2 d

= 4% - [2a%

= [ du
" e

= bl = 224 C

Created by T. Madas



Created by T. Madas

Question 17 (g

Use differentiation to find a simplified generalwmn for the following differential
equation.

2 d
2xy &, v= 1.
dx

A+ y\/ﬂ)( y+ Bx C)= 0

)
= 4 T
= YIFET-4 =0 o gIFELA -0
@ DIFFEGTIATE THE DFFERENTAL GUATIN WR1 &L % ikl
(BuF 2n (ol Rre
= n(gd- @@ - k- 203 &
Fise
cad) - o i
/2 :
=5 O ey da & / > NS searE
oL e RS RS e bur \
Yy—-Bx-C=oc o» urRat C=o
2\ &2 &
E ﬂ@’\\’%%& - gk =o
©—H6nce

= - aody v <o

(9+ Bev @) (ol +4) :V/

2
@ EGQ ?F;';\:C "

© on g@@-dy + Ay =o

Created by T. Madas



Created by T. Madas

Question 18 (*****)
A circle touches thexaxis at the origirO.

It is further given that the equation of such @leisatisfies the differential equation

for some functionf .

Use an algebraic method to find an expressionff@x) ¢

TR 4 GRVARAL ERUATION, o2 THE GRUATION oF SUK QR
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Question 19 (*****)

The non zero functiona(x) andv(x) satisfy the integral equations
u(x) dx= u¥ and  u(x)v(X dx= ¥ dx ¢ x dx.

Determine, in terms of an arbitrary constant, apéified expression fou(x) and a

- . 2
similar expression forv(x)
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Question 20 (****¥)

The positive solution of the quadratic equaticn- x & 0 is denoted by, and is
commonly known as the golden section or golden rarmb

a) Show, with a detailed method, th&f(x)= f(f)xg(f) is a solution of the
differential equation,

Fi(x)=F (),
where f and g are constant expressions/fto be found in simplified form.

b) Verify the answer obtained in paid) satisfies the differential equation, by
differentiation and function inversion.

[You may assume thaF (x) is differentiable and invertible]
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Question 1 (**)
Solve the differential equation

ﬂl+ﬂ: yl O,

dx y
subject to the conditioly=2 at x=0.

Give the answer in the forrfi (x, y) =constant.

Question 2 (**)
Solve the differential equation

d_y _ CcOoS 2X
dx y

, x>0, y>0,

o

4x2+y2:4

subject to the conditiopn=6 at x :Z’ giving the answer in the forrpl2 = f (x) :

Created by T. Madas

y? = 35+ sin 2
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Question 3 (**)
Solve the differential equation

withy =1 at x= 2, giving the answer in the formr= f (x).

y:

13- %

Question 4 (**)
Solve the differential equation

ﬂ/ _ 3sin3x
dx y

subject to the conditiory =3 at x=%, giving the answer in the forrpl2 = f (x) :

y?>=7- 2cosX
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Question 5 (**)
Solve the differential equation

dy 2x

dx vy

with y=2 atx =1, giving the answer in.the forng® = f (x).

y2 =2x2+2

Question 6 (**)
Solve the differential equation

dy_ 10
dx (x+1)(x+2)’

subject to the conditioty =0 at x=0, giving the answer in the formi= f(x).

y=10In 2x+2
X+2
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Question 7 (**)
Solve the differential equation

subject to the conditiory =1 at X=2, giving the answer in the formg® = f(x).

X)- 2

y? =65in(

wl—

Question 8  (**)
Solve the differential equation

d_y: 2
ix 3x\/§/

subject to the conditioly =0 at x =1, giving the answer in the formg = f (x) .

=10
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Question 9 (**)
Solve the differential equation

ﬂ: _y’ ylo,xl_l’
dx \ x+1

subject to the conditioly =9 at x =8, giving the answer in the formp = f (x) .

y = X+1

Question 10 (**)
Solve the differential equation

dy 1
2 =oxf2y-1, y>d
dx 4 y>2

subject to the conditioly =% at x=0, giving the answer in the formg = f (x) :

=301
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Question 11 (**)
Solve the differential equation

d_y+ y2eX =0,
dx

subject to the conditioly =% at x=0, giving the answer in the forng= f(x) :

Question 12 (**)

dy_2y

, x>0, y>0.
dx X ¥

Show that the solution of the above differentialatpn subject to the boundary
conditiony =3 at x =1, is given by

y=3x.

proof
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Question 13 (**+)
Solve the differential equation

ﬂzyxz, xt0,y*O0,
dx

subject to the conditiory =1 at x =1, giving the answer in the formg = f (x) 1
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Question 14 (**+)
Solve the differential equation

ﬂ/=y2x/?<, x10,yto0,
dx

with y=-2 at x=1.

Give the answer inthe formg = A 5. Where A and B are integers.
1+ Bx2

] y=—2

SO BY S Rgnon of uneivals
ﬁa}“{: gat
= L= abds
e
- \gg‘d\hj - Jlfzh

Y ;—{?pc

J

z . %
TR C

J

J
D ‘

= -2,5%
= -FF+C
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Question 15  (**+)
Solve the differential equation

3dy _, 2
X —==2
dx y

subject to the conditioly =% at x=1, giving the answer in the forp= f (x) :

y= Z
x> +1
Question 16 (**+)
Solve the differential equation
ﬂ/+eX' Y=o,
dx
subject toy =0 at x=0, giving the answer in the forn (x, y) = constan.
e+e =
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Question 17 (**+)
Solve the differential equation

ﬂ:xyex, x>0, y>0,
dx

subject to boundary conditiop=e at x =1.

Give the answer in the forim y = f ().

Iny=xe*- &+ 1

Question 18  (**+)
Solve the differential equation
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Question 19 (**+)
Solve the differential equation

dy_2y
dx x°

subject to the conditioly =- 1 at x=1, giving the answer in the formg = f (x) .
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Question 20 (**+)
Given thaty =2 at x=0, solve the differential equation

dy_

4+y?,
dx y

giving the answer in the forny = ().

You may assume that

1 1 X
> dx==arctan — +C.
ac+x a a

y=2tan X+~

Question 21 (***)
dy
x+1)— =3y, y>0.
(x+2) 5 =3y y
Solve the differential equation subject to the d¢bod y =16 at x =1, to show that
y= 2(x+1)3.

proof
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Question 22 (***)
Solve the differential equation

dy y
2 = , O
dx x(2- ¥ y=

subject to the conditiory =1 at x =1, giving the answer in the forry2 =f (x) .

1y ==X

Question 23 (***)
Find the solution of the differential equation

dy_
X

ysinx, y>0

subject to the conditiory =10 at x=p, giving the answer in the form = f (x) :

y:10€'l COX
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Question 24 (***)
Solve the differential equation

24y _ V2 - 3x4y2
dx

subject to the conditioly =% at x=1, giving the answer in the formp = f (x) :

1 ly=—

x*+1

Question 25 (***)
Solve the differential equation

ﬂ=4yx3, yt o0
dx

subject to the conditiory =1 at x=1, giving the answer in the formg = f (x).

y=e
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Question 26  (***)
Solve the differential equation

(1- xz)%/: y(x+1), y 0, %t 1
X

subject to the conditioly =2 at x =%, giving the answer in the formg = f (x) .

Question 27 (***)
Solve the differential equation

ﬂ/: 2XIn x
dx y

, x>0, y>0

subject to the conditioly =2e at x=e, giving the answer in the forr)yn2 =f (x) .

y? = x%(2In x- )+ 3¢
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Question 28 (***)
Solve the differential equation

d_y =4xy- 3y><2
dx

subject to the conditioly =1 at x =2, giving the answer in the formg = f (x) .

[ 1 |y=e%

Question 29  (***)
Solve the differential equation

dy_10-y
dx 5

subject to the conditiory =1 at x=0, giving the answer in the forng= f (x).

X

(G

y=10- 9e
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Question 30 (***)
Show that the solution of the differential equation

dy 2y-1 1
—Z = , X 1 O’ S =
dx NG =2
subject to the conditiory =1 at x=1, is given by

_BX2- 4x+ 1
2x? '

proof
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Question 31 (***+)
Solve the differential equation

x(x+2)%/:y, x>0, y>0
X

subject to the conditioly =2 at x =2, giving the answer in the forml2 = f (x) :

|y =
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Question 32 (***+)
Solve the differential equation

dy _ Sy
dx (2+x)(1- 2x

subject to the conditiory =2 at x =0, giving the answer in the forng = f (x) :

. |y=2*

1- 2x

Question 33  (***+)
Solve the differential equation

dy__ ¥

S A— -1
ix ((xrg V0

subject to the conditiory =2 at x=1, giving the answer in the forng® = f ().
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Question 34 (***+)
(3x+ 2)(x+3)3—i= 7y, y>0, x>-3.

Show that the solution of the above differential&tpn subject to the boundary
condition, y =6 at x=4, is given by

3(3x+2) |

y= X+3

proof

Question 35 (***+)
Solve the differential equation

ey%/+xexz 0, x<1
X

subject to the conditiopn=0 at x=0, giving the answer in the forg = f (x) .

y=x+In(1- x)
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Question 36  (***+)
Solve the differential equation

(2x- 3)(x D% y(2x 3, yt o0,

subject to the conditiory =10 at x =2, giving the answer in the formg = f (x) .

. y:10(2><- 39’

X-1

Question 37 (***+)
Solve the differential equation

gy X

) 0< < )
dx sin2y ysp

subject toy =% at x=0, giving the answer in the formosf (y) = g(x).

cosy = X &+ 2e*- |
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Question 38 (***+)
Solve the differential equation

dy _ y(13- 2x)
dx (2x- 3)(x 1)’

1

subject to the conditioly =4 at x =2, giving the answer in the forng = f (x) :

1082 ¥
T (y

Question 39 (***+)
Solve the differential equation

OI—y:yxzcosx, x> 0,y> (
dx

subject to the conditioly =1 at x=p, giving the answer in the fordm y = f (x) :

Iny = X?sin x+ 2Xcosx- 2sing 2
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Question 40 (***+)

dy 1
2y—=>-=———vy10,
ydx X+3 y

Show that the solution of the above differentiabatpn, subject to the boundary
condition y =1 at x=1, can be written as

proof

Question 41 (***+)

ﬂco§ K=y, y>0.
dx

Show that the solution of the above differentialaipn subject to the boundary

conditiony = e at x :i% is given by

(11+tan 4)

1
y=et

|:| , |proof
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Question 42 (***+)
Show that ify = a att =0, the solution of the differential equation

dy W( 2 2)%
—_— = a - ,
dt Y
wherea and w are positive constants, can be written as

y = acoswt.

You may assume that

X
dx=arcsin — +C.
a%- x? a

proof

Question 43  (***+)
Solve the differential equation

2
yeY %:ezx, x10,y!0,
X

subject to the conditioly =2 at x =2, giving the answer in the forml2 = f (x) :
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Question 44 (***+)

1 P Q

(0]

) (r 9 (v 7

a) Find the value of each of the constaRtsaand Q.

b) Hence, show that the solution of the differentgli@ion
=(y-2)(y 1)

can be written as

y-2_
y+1

c) Given further thaty =5 when x=0, show clearly that

_4+eX3
y_ 3 "
2- &

3 -
Ae® . where A is a constant.

wl—

Wl
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Question 45  (***+)
Solve the differential equation

dy _ y

= 7 x>-1 y> 0
dx (2x+1)(x+1)’ 2’

subject to the conditiory =2 at x =0, giving the answer in the forng = f (x) :

_4x+2
X+1

Question 46  (***+)
Solve the differential equation

dy _ y

—=—, x>0,y>0
dx x(x+1)2

subject to the conditioly =% at x=1, giving the answer in the fordm y = f (x) :
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Question 47 (***+)
Solve the differential equation

Y gy
dx

subject to the conditiory =0 at x=0, giving the answer in the form’ = f (x) .

3

f=—" >
X x4 2

Question 48 (***+)
- ﬂ: 2y- 150, y<75
dx

Solve the above differential equation, given theewx =0, y =275.

Give the answer in the forng= f (x).

2x

[ |, |y=75+200e5
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Question 49 (***+)

(1+x2)j—i:x(1+ y), with y=0 at x=0.

Show that the solution of the above differential&tipn is

N

y=(1+x2) “1

proof
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Question 50  (***+)

xﬂ=y(y+l), x>0, y>0

dx

Show that the solution of the above differential&tpn subject to the boundary

condition y =% at x =%, is given by
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Question 51  (***+)
dy _
X— = y(1+2x2), x>0, y>0
dx
Show that the solution of the above differential&ipn subject toy=e at x=1, is
y = Xe

proof
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Question 52 (****)

dy_y-1
X

, X>0,y>0
q y

X

Show that the solution of the above differential&ipn subject toy=2 at x=1, is

_3+x2
3- X%

Created by T. Madas



Created by T. Madas

Question 53  (****)
e’(ﬂuy2 =xy?, x>0, y>0
dx

Show that the solution of the above differential&ipn subject toy=e at x=1, is

1
y==¢€".
X
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Question 54  (****)
Solve the differential equation

dy_
dx

e3y- X

subject to the conditioy =0 at x=0, giving the answer in the form' ) = 9(x).

e = 3éx(x2+ X+ 3 5

Question 55  (****)
Solve the differential equation

%%(: (2x2 +1)5 cos %

subject tox=0, y =5’ giving the answer in the foranf (y) = g( x)

tan2y = (2><2+ ])6+ 11

Created by T. Madas



Created by T. Madas

Question 56  (****)
Solve the differential equation

dy 3
2x+1)- —(2x 1=
(2x+1)-J (2x J= ¢

subject to the conditioly =0 at x =0, giving the answer ag = f (x) .
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Question 57  (****)

Solve the differential equation above, subject lte boundary conditioryz% at
x =3, to show that

proof
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Question 58  (****)
Solve the differential equation

B _ ysin2xcod y
dx
subject to the conditiorx:% , y=0, giving the answer in the forany = f (x).
tany:%(sin&- Xcosx )1

Question 59  (****)
(x- 9= 21y
dx

Solve the differential equation above, subject lte boundary conditiory =4 at
x =2, to show that

eV = &(x- 9.

proof
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Question 60  (****)

ﬂsecx: y2 -y
dx

Solve the differential equation above, subjecthe boundary conditiony:% at
x =0, to show that

1
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Question 61  (****)
Solve the differential equation

dy _ y(1- x)
dx (1+ x)(1+ x2) '

subject to the conditiox =0, y =1, giving the answer in the 1‘orrpl2 =f (x)

, (1+%)°

y =
1+ X2

Question 62 (****)
Solve the differential equation

(1+x2)$’=x(1- yz), Vit 1,

dx

subject to the conditioly =0 at x=0, giving the answer in the form= f ().
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Question 63  (****)

(1+x)3—i:y(1- x), y>0, x>-1.

Solve the above given differential equation, suldjec¢he boundary conditioy =1 at
x=0, to show that

y=(x+1)2e'
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Question 64 (****+)

Solve the differential equation

N o408 y COSX
dx

subject to the conditiory =2 at x:%, giving the answer in the formany = f ().

tany = 24sinx- 8sifx 1(

Created by T. Madas



Created by T. Madas

Question 65 (****+)
Solve the differential equation
2

y?

=2-

o_|o_
X <

subject to the conditiopn=2 at x=1, giving the answer in the form= f (y) :

3y- 3
y+1

-1,;1
x—2y+4m

Created by T. Madas



Created by T. Madas
Question 66 (****+)

dy_

xy +(1+ x) o

y.
Solve the differential equation subject to the ¢bod y =3 at x=0, to show that

y=3(1+x)°e*.

proof
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Question 67 (****+)
dy cotx=1- y2
dx

Solve the differential equation above, subject lte boundary conditiory =0 at

X= % to show that

_1- 2co€ x
1+2co€ x
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Question 68 (****+)
(x+2)$/+ y(x+1) =0, x>-2.
dx

Solve the differential equation above, subject lte boundary conditiory =2 at
x=0, to show that

y=(x+2)e*.

proof
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Question 69  (****+)

Acurve y = f(x) satisfies the differential equation

dy x+1
dx (x- 1)( % 2)

, y>1,x>-1
a) Solve the differential equation to show that

In(y-5)+%x2+ 4% 2In(* 1= C.

When x=0, y=2.

b) Show further that

Nl

y:1+(x+1)2 e2” .

proof
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Question 70 (****+)

Solve the differential equation

dy
50—==20- .y,
dx y

given that wherx =0, y =0, giving the answer in the forme= f(y).

X= ZOOOIF{

20

20- \Jy

‘- 10Q/y
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Question 71 (****+)

Solve the differential equation

given thaty =- 1 and d—=l atx=0, giving the answer in the form= f(x).

4 dx

1
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Question 72 (****+)

A curve y = f(x) satisfies the differential equation

y>0, O0£x£9,

wherek is a positive constant.

o

,—y=2 at x=1.

X

It is further given thaty =

Nl

Find the possible values of whend—y =% .

X

X

5
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Question 73 (****+)

A curve passes through the point with coordinafes Iogz( log, @ and its gradient
function satisfies

Find the equation of the curve in the foyr= f ()

[ 1. ly=-1log, (22 x)In2
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Question 74 (*****)

The functiony = f (X) satisfies the differential equation

dy_ 2xy(y+])
dx sinz(x+%p)

subject to the conditiory =1 at x=0.

Find the exact value of when x =1£2.
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Question 75 (¥***¥)

Determine, in the formy = f(x), a simplified solution for the following differeat
equation.
dy

— i = i :ﬁ :l
0|Xcosx+ 42 sinx= sinx, y 37 atx=3p.

_ sedx- 1
. y_2(se€‘x+;
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Question 76 (*****)
The functionv = f(t) satisfies the differential equation
dv _

v 1.
\Y

-k 1.1
dt h

wherek andh are non zero constants.
Given thatv=h-1 att =0, solve the differential equation to show that

Kty _

(h- v)en A

where A is a non zero constant.
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Question 77 (*****)

The functiony = f(x) satisfies the differential equation

wherek andh are non zero constants.

. : dy d’y
It is further given thaty =-1, —=-1, — =2 at x=-1.
J Y dx dx?
Solve the differential equation to show that
& *=(y+2)°.
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Question 78  (****¥)

The functiony = f (x) satisfies the differential equation

d dy d
9 (pe)=2.912). x50

subject to the conditioly =4 at x=3.

Find a simplified expression foy = f (X).
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Question 79  (*¥***¥)

Use appropriate techniques to solve the followitfigiiential equation.

d?y

dx?

Created by T. Madas

144 dy
-—, yo :6’ —7
y3 () dXX=0

=0.

.

2

©|><

2

36

<

=1
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Question 80  (*****)
Solve the differential equation

d2y 4 dy2

— 24 7 :1’
dx® dx

dy

given thaty =0 and . =% at x=0, giving the answer in the form = f(x).
X

1, 1+26% 1
, ly==In - =X
4 2

3
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Question 81  (*****)
Solve the following differential equation

dy_, o°
dx® dx

given furthery =0, %’ =2 atx=0.
X

Give the answer in the form= f(y).

~—+
QD
>
>
—_
Nl
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Question 82  (*****)

Find the solution of the above differential equatsmbject to the boundary condition

yzi atx=2.

NE

Give the answer in the form = ﬂ

(%)

, where f (x) is a function to be found.

1 [f(0=v3+/¥-1
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Question 83 (****¥)

d?y, dy?_
dx¢  dx

Given thaty:%/ =0 at x=0, show that
X

y=-x+ In %(1+ ezx) .

1, [proof
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Question 84  (*****)

The non zero functiorf (x) satisfies the integral equation

1[4
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Question 85  (*¥***¥)

It is required to sketch the curve with equatipr f(x) , defined over the set of real
numbers, in the greatest domain.

The curve has the property that at every pointhendurve, the second derivative
equals to the first derivativeguared

Showing all the relevant details, sketch the graply = f(x), given further that the
curve passes through the po(@t 2) and the gradient at that pointlis

L |orapt
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Question 86  (*****)

It is given that a function with equatiop= f(x) Is a solution of the following
differential equation.

1. [proof|
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Question 87  (*****)
Solve the following differential equation

d’y , dy?

— +
dx? dx dx

Give the answer in the forng® = f(x).

+2yiy: 0, y(0)=2, ﬂ/(O):-%.

y2=3+e-2x
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Question 88  (*****)

The function with equatiory = f(x) satisfies the differential equation

d?y 2 dy dy
Rl 1- =2 y(0)=1, ZX(0)=
e 1 a0 YO (0)

Solve the above differential equation giving thevaer in the formy = f (x) :

|

y=x+1+In|2x- 1
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Question 89  (*¥***¥)

The positive solution of the quadratic equatidn x £ 0 is denoted by, and is
commonly known as the golden section or golden rermb

a) Show, with a detailed method, th&t(x)= f(f)xg(f) is a solution of the
differential equation,

Fi(x)=F (),
where f and g are constant expressions/f to be found in simplified form.

b) Verify the answer obtained in paid) satisfies the differential equation, by
differentiation and function inversion.

[You may assume thaF (x) is differentiable and invertible]

v IO ; X =&
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