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Scope: On successful completion of course the learners gain about the higher order derivatives 

and its applications in business, economics and life sciences. 

 

Objectives: To enable the students to learn and gain knowledge about first order exact 

differential equations, exact differential equations and integrating factors, separable equations 

and its applications. 

 

UNIT I 

Differential equations and mathematical models. General, particular, explicit, implicit and 

singular solutions of a differential equation.  

 

UNIT II 

Exact differential equations and integrating factors, separable equations and equations reducible 

to this form, linear equation and Bernoulli equations, special integrating factors and 

transformations. 

 

UNIT III 

Introduction to compartmental model, exponential decay model, lake pollution model (case study 

of Lake Burley Griffin), drug assimilation into the blood (case of a single cold pill, case of a 

course of cold pills), exponential growth of population, limited growth of population, limited  

growth with harvesting. 

 

UNIT IV 

General solution of homogeneous equation of second order, principle of super position for 

homogeneous equation, Wronskian: its properties and applications, Linear homogeneous and 

non-homogeneous equations of higher order with constant coefficients, Euler’s equation, method 

of undetermined coefficients, method of variation of parameters. 

 

UNIT V 

Equilibrium points, Interpretation of the phase plane, predatory-prey model and its analysis, 

epidemic model of influenza and its analysis, battle model and its analysis. 

  

SUGGESTED READINGS 

 

TEXT BOOK 

 

1. Ross S.L., (2004). Differential Equations, Third Edition, John Wiley and Sons, India.  
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LECTURE PLAN 

DEPARTMENT OF MATHEMATICS 

 
STAFF NAME      : R. PRAVEEN KUMAR 

SUBJECT NAME : DIFFERENTIAL EQUATIONS          SUB.CODE:17MMU201 

SEMESTER: II                              CLASS:  I B.Sc (MATHEMATICS)  

S.N

o 

Lecture 

Duration 

Period 

Topics to be covered Support 

Material/Page Nos 

UNIT  I 

1 1 Introduction of Differential equations  T1: 3-6 

2 1 Mathematical models related examples R3: 1-2 

3 1 Continuation on Mathematical models R3: 3-4 

4 1 Continuation on Mathematical models R3: 5-6 

5 1 General solutions of a differential equation Problems T1: 7-8 

6 1 Particular solutions of a differential equation Problems T1: 9-10 

7 1 Explicit solutions of a differential equation Problems T1: 11-12 

8 1 Implicit solutions of a differential equation Problems R1: 6-7 

9 1 
Continuation of Problems on Implicit solutions of a 

differential equation 

R1: 7-9 

10 1 Singular solutions of a differential equation Problems  R1: 10-11 

11 1 
Continuation of Problems on Singular solutions of a 

differential equation 

R1: 12-13 

12 1 Recapitulation and discussion of important questions.  

Total  No of  Hours Planned  For  Unit I = 12 

UNIT  II 

1 1 Introduction on concept of Exact differential equations  T1: 36-40 

2 1 Integrating factors Problems T1: 42-44 

3 1 Separable equations Problems R1: 46-47 

4 1 Continuation of  Problems on Separable equations R1: 48-49 

5 1 
Equations reducible to this form linear equation 

Problems 

T1: 50-51 

6 1 
Continuation on equations reducible to this form linear 

equation 

T1: 52-53 

7 1 Bernoulli equations related Problems T1: 56-58 

8 1 Continuation on Bernoulli equations  related Problems T1: 59-60 

9 1 Continuation on Bernoulli equations  related Problems T1: 61-62 

10 1 Special integrating factors and transformations related T1: 68-71 
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Problems 

11 1 
Continuation on special integrating factors and 

transformations. 
T1: 72-74 

12 1 Recapitulation and discussion of important questions   

Total  No of  Hours Planned  For  Unit II = 12 

UNIT  III 

1 1 Introduction to compartmental model  R3: 30-31 

2 1 Exponential decay model  R3: 32-33 

3 1 Continuation on Exponential decay model  R3: 34-35 

4 1 Lake pollution model (case study of Lake Burley Griffin) R3: 36-37 

5 1 
Continuation on Lake pollution model (case study of 

Lake Burley Griffin) 

R3: 38-39 

6 1 
Drug assimilation into the blood (case of a single cold 

pill, case of a course of cold pills) 

R3: 40-43 

7 1 
Continuation on Drug assimilation into the blood (case of 

a single cold pill, case of a course of cold pills) 

R3: 44-46 

8 1 Exponential growth of population R1: 132-134 

9 1 Limited growth of population R1: 135-138 

10 1 Limited growth with harvesting.  R1: 139-140 

11 1 Continuation on Limited growth with harvesting. R1: 141-142 

12 1 Recapitulation and discussion of important questions.  

Total  No of  Hours Planned  For  Unit III = 12 

UNIT-IV 

1 1 
Introduction on general solution of homogeneous 

equation of second order related  

R1: 196-197 

2 1 Problems on homogeneous equation of second order R1: 198-199 

3 1 Principle of super position for homogeneous equation  R1: 200-202 

4 1 Wronskian: its properties and applications R1: 239-240 

5 1 
Continuation on Wronskian: its properties and 

applications 

R1: 241-242 

6 1 
Linear homogeneous equations of higher order with 

constant coefficients related Problems 

R1: 200-205 

7 1 
Linear non-homogeneous equations of higher order with 

constant coefficients related Problems 

R2: 96-100 

8 1 Euler’s equation related Problems R1: 255-258 

9 1 Method of undetermined coefficients related Problems R1: 222-223 

10 1 Method of variation of parameters related Problems R1: 248-249 

11 1 
Continuation of Problems on Method of variation of 

parameters 

R1: 250-251 

12 1 Recapitulation and discussion of important questions  

Total  No of  Hours Planned  For  Unit IV = 12 

UNIT-V 

1 1 Introduction on equilibrium points related examples R3: 53-55 

2 1 Interpretation of the phase plane related examples R3: 56-58 



Lesson Plan 2017-2020 

Batch 

 

Prepared By R. Praveen kumar, Asst.Prof, Department of Mathematics, KAHE 3 
 

3 1 Predatory-prey model and its analysis R3: 59-61 

4 1 Epidemic model of influenza and its analysis R3: 62-64 

5 1 
Continuation on Epidemic model of influenza and its 

analysis 

R3: 65-66 

6 1 
Continuation on Epidemic model of influenza and its 

analysis 

R3: 67-68 

7 1 Battle model and its analysis R3: 69-70 

8 1 Continuation on Battle model and its analysis R3: 71-72 

9 1 Recapitulation and discussion of important questions.  

10 1 Discuss on Previous ESE question papers  

11 1 Discuss on Previous ESE question papers  

12 1 Discuss on Previous ESE question papers  

Total  No of  Hours Planned  For  Unit V = 12 

 

SUGGESTED READINGS 

 

TEXT BOOK 

T1 : Ross S.L., (2004). Differential Equations, Third Edition, John Wiley and Sons, India.  

 

REFERENCES 

 

R1 : Martha L Abell., and James P Braselton., (2004). Differential Equations with 

MATHEMATICA, Third Edition,  Elsevier Academic Press.  

 

R2 : Sneddon I.,(2006). Elements of Partial Differential Equations, McGraw-Hill, International 

Edition, New Delhi.  

 

R3: Kapur J.N (2005).Mathematical Modelling ,New age international Pvt ltd,New Delhi 
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UNIT-I 

SYLLABUS 

 

 

Introduction 

Differential equations finds its application in a variety of real world problems such as growth and 

decay problems. Newton’s law of cooling can be used to determine the time of death of a person. 

Torricelli’s law can be used to determine the time when the tank gets drained off completely and many 

other problems in science and engineering can be solved by using differential equations. In this 

chapter, we will first discuss the concept of differential equations and the method of solving a first 

order differential equation. In the next section, we will discuss various applications of differential 

equations. 

Basic Terminology 

Variable: Variable is that quantity which takes on different quantitative values. Example: memory test 

scores, height of individuals, yield of rice etc. 

Dependent Variable: A variable that depends on the other variable is called a dependent variable. For 

instance, if the demand of gold depends on its price, then demand of gold is a dependent variable. 

Independent Variable: Variables which takes on values independently are called independent 

variables. In the above example, price is an independent variable. 

Derivative: Let y = f(x) be a function. Then the derivative  of the function f is the rate at which 

the function y = f(x) is changing with respect to the independent variable. 

Differential Equation: An equation which relates an independent variable, dependent variable and 

one or more of its derivatives with respect to independent variable is called a differential equation. 

 

Ordinary differential equation: A differential equation in which the dependent variable (unknown 

function) depends only on a single independent variable is called an ordinary differential equation. 

 

 

Differential equations and mathematical models. General, particular, explicit, implicit and singular 

solutions of a differential equation.  
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Partial Differential equation: A differential equation in which the dependent variable is a function of 

two or more independent variables is called a partial differential equation. 

 

Order of a differential equation: The order of a differential equation is defined as the order of the 

highest order derivative appearing in the differential equation. The order of a differential equation is a 

positive integer. 

 

 

Degree of a differential equation: The exponent of the highest order derivative appearing in the 

differential equation, when all derivatives are made free from radicals and fractions, is called degree of 

the differential equation. In other words, it is the power of the highest order derivative occurring in a 

differential equation when it is written as a polynomial in derivatives.  

 

 

 

:  
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Solution of a differential equation:  

       It is a relation between the variables involved in the differential equation which satisfies the 

differential equation. Such a relation when substituted in the differential equation with its derivatives, 

makes left hand side and right hand side identically equal. 
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POSSIBLE QUESTIONS  

PART  - B ( 5 x 2 = 10 Marks ) 

 

1. Define Differential equation with example. 

2. Define Partial Differential equation with example. 

3. Expalin linear differential equation. 

4. Explain singular solutions of the differential equation. 

5. Explain the order of the differential equation with example 

 

PART – C ( 5 x 6 = 30 Marks ) 

1. Show that  is an implicit solution of the differential equation  

on the interval   

    0< x < 5/2. 

2. Write the definition of general, particular, explicit, implicit and singular solutions of  

    Differential equations. 

3. Show that every function f defined by    where c is arbitrary equation is a 

solution of the     

    Differential equation = 3   . 

4. Show that the function f defined by f(x)=  satisfies the differential equation 

 and also the condition that f(0)=2 and  (0)=4 

 5. Write a note on solution of differential equations. 

6. Show that the function for all x by f(x)= 2 sin x +3cos x is an explicit solution of the               

7. Differential equation  for all real x. 

 8. Show that the function defined by f(x) = x + 3  is a solution of differential equation  

 + y = x + 1 on every interval a < x < b of the x-axis. 

 9. Briefly explain linear and nonlinear differential equations with examples. 

10. Find the general solutions of the differential equations (1- . 

11. Show that    is an implicit solution of the differential equation                                 2xy 

( ) +  + =0 on the interval 0 < x < 1. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
An equation involving one or more dependent variables  
with respect to  one or more independent variables is 
called……………………...

differential 
equations

intergral 
equation 

constant 
equation Eulers equation

differential 
equations

An equation involving one or more ………... variables  
with respect to  one or more independent variables is called 
differential equations single dependent independent constant dependent
An equation involving one or more dependent variables  
with respect to  one or more………..variables is called 
differential equations dependent independent single different independent
A differential equation involving ordinary  derivatives of 
one or moredependentvariables with respect to single 
independent variables is called ……………

differential 
equations

partial 
differential 
equations

ordinary 
differential 
equations

total differential 
equations

ordinary 
differential 
equations

A differential equation involving ordinary  derivatives of 
one or more dependentvariables with respect to………. 
independent variables is called ordinary differential 
equations zero  single different one or more  single
A differential equation involving ………….  derivatives of 
one or more dependentvariables with respect to single 
independent variables is called ordinary differential 
equations partial different total ordinary ordinary

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION
(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),
Coimbatore –641 021                                                                                                                                                                                            

        Subject: Differential Equations                                                                                          Subject Code: 17MMU201
        Class   : I B.Sc Mathematics                                                                                              Semester      : II

   (Question Nos. 1 to 20 Online Examinations)

UNIT -I 

PART A (20x1=20 Marks)
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A differential equation involving partial derivatives of one 
or more dependent variables with respect to oneor more 
independent variables is called ……………

differential 
equations

partial 
differential 
equations

ordinary 
differential 
equations

total differential 
equations

partial 
differential 
equations

A differential equation involving partial  derivatives of one 
or more dependentvariables with respect to………. 
independent variables is called partial differential equations zero  single different one or more oneormore
A differential equation involving ………….  derivatives of 
one or more dependentvariables with respect to one or 
moreindependent variables is called partial differential 
equations partial different total ordinary partial
The order of ……...derivatives involvedin the differential 
equations is called order of the differential equation zero lowest highest infinite highest 
The order of highest derivatives involvedin the differential 
equations is called ……………... of the differential 
equation order power value root order
The order of highest ………………... involvedin the 
differential equations is called order of the differential 
equation derivatives intergral power value derivatives
The order of the differential equations is  (d^2 y)/〖dx〗^2 
+xy(dy/dx)^2=1 0 1 2 4 2
A non linear ordinary differential equation is an ordinary 
differential equation that is not ………… linear non linear differential intergral linear 
A ……………..ordinary differential equation is an ordinary 
differential equation that is not linear linear non linear differential intergral non linear 
A non linear ordinary differential equation is an 
……………. differential equation that is not linear ordinary partial single constant ordinary
…………... ordinary differential equations are further 
classified according to the nature of the coefficients of the 
dependent variables and its derivatives linear non linear differential intergral linear 
Linear ………………. differential equations are further 
classified according to the nature of the coefficients of the 
dependent variables and its derivatives ordinary partial single constant ordinary

Prepared by: R. Praveen Kumar, Department of Mathematics, KAHE
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Linear ordinary differential equations are further classified 
according to the nature of the coefficients of the 
……………….variables and its derivatives single dependent independent constant dependent
Linear ordinary differential equations are further classified 
according to the nature of the coefficients of the dependent 
variables and its …………………….. integrals constant derivatives roots derivatives
Both explicit and implicit solutions  will usually be called 
simply …………… solutions constant equations values solutions 
Both ……………….. solutions  will usually be called 
simply solutions.

general and 
particular

singular and 
non singular

ordinary and 
partial

explicit and 
implicit

explicit and 
implicit

Let f be a real function defined for all x in a real interval I 
and having nth order derivatives then the function f is 
called ………….solution of the differential equations constant implicit explicit general explicit
Let f be a real function defined for all x in a real interval I 
and having …………..order derivatives then the function f 
is called explicit solution of the differential equations 1st 2nd nth (n+1)th nth
The relation g(x,y)=0 is called the ………solution of 
F[x,y,(dy/dx)………..(dy/dx)^n]=0 constant implicit explicit general implicit

Prepared by: R. Praveen Kumar, Department of Mathematics, KAHE
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UNIT – II 

SYLLABUS 

 

 

 

2.1 Separable Variables 

Definition 2.1: A first order differential equation of the form 

ly.respective only, y &  x of functions  are h(y) and g(x)  whereg(x)h(y), 
dy

dx


 

is called separable or to have separable variables. 

Method or Procedure for solving  separable differential equations 

(i) If h(y) = 1, then 

  
)(

dx

dy
xg

 

or dy = g(x) dx 

Integrating both sides we get 

  
cxdxgdy   )()(

 

or 
cxdxgy   )()(

 

where c is the constant of integral 

We can write 

  cxGy  )(  

where G(x) is an anti-derivative (indefinite integral) of g(x) 

Exact differential equations and integrating factors, separable equations and equations reducible 

to this form, linear equation and Bernoulli equations, special integrating factors and 

transformations. 



                    KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: I BSC MATHEMATICS                                     COURSE NAME: DIFFERENTIAL EQUATIONS 

      COURSE CODE: 17MMU201                                UNIT: II                                    BATCH-2017-2020 
 

Prepared by R. Praveen Kumar, Asst Prof, Department of Mathematics, KAHE Page 2/23 

(ii) Let 
),( yxf

dx

dy


 

where  )()(),( yhxgyxf  , 

that is f(x,y)  can be written as the product of two functions, one function of variable x and other of 

y. Equation 

  
)()( yhxg

dx

dy


 

can be written as 

  

dxxgdy
yh

)(
)(

1


 

By integrating both sides we get 

    Cdxxgdyyp )()(
 

where )(

1
)(

yh
yp 

 

or C)x(G)y(H   

where H(y) and G(x) are anti-derivatives of )y(h

1
)y(p 

and )(xg , respectively. 

Example 2.1: Solve the differential equation 

    y/xy'  

Solution:  Here x
xg

1
)( 

, yyh )( and y
yp

1
)( 

 

yln)y(H  , xlnxG )(  

 Hence 

  H(y) = G(x) + C 

 or lny = lnx + lnc (See Appendix     ) 

  lny – lnx = lnc 
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lnc

x

y
ln 

   

c
x

y


 

y = cx 

Example 2.2: Solve the initial-value problem 

   

3y(4),
y

x

dx

dy


 

Solution: g(x) = x, h(y) = -1/y, p(y) = -y 

  H(y) = G(x) + c 

  
cx

2

1
y

2

1 22 
 

 or y
2
 = -x

2
 – 2c 

 or x
2
 + y

2
 = c1

2
 

 where c1
2
 = -2c 

By given initial-value condition 

  16+9 = c1
2
 

 or c1 =  5 

 or x
2
 + y

2
 = 25 

 Thus the initial value problem determines 

   x
2
 + y

2
 = 25 

Example 2.3: Solve the following differential equation 

    
cos5x

dx

dy


 

Solution:  dy = cos5xdx 

  Integrating both sides we get 
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ccos5xdxdy    

   
c

x
y 

5

5sin

 

2.2  Exact Differential Equations 

  We consider here a special kind of non-separable differential equation called an exact 

differential equation. We recall that the total differential of a function of two variables U(x,y) is 

given by 

   

dy
y

U
dx

x

U
dU











    (2.1)   

Definition 2.2.1 : The first order differential equation  

 M(x,y)dx + N(x,y)dy=0     (2.2) 

 is called an exact differential equation if left hand side of (2.2) is the total differential of some 

function U(x,y). 

Remark 2.2.1: (a) It is clear that a differential equation of the form (2.2) is exact if there is a 

function of two variables U(x,y) such that 

   

y)dyN(x,y)dxM(x, dy
y

U
dx

x

U
dU 











 

   

y)N(x, 
y

U
 y),M(x, 

x

U











 

(b) Let M(x,y) and N(x,y) be continuous and have continuous first derivatives in a rectangular 

region R defined by a<x<b, c<y<d. Then a necessary and sufficient condition that M(x,y)dx + 

N(x,y)dy be an exact differential is 

     x

N

y

M










 

For proof of Remark 2.2.1(a) see solution of Exercise 22 of this chapter. 

Procedure of Solution 2.2: 

Step 1: Check whether differential equation written in the form (2.2) satisfies (2.3) or not. 

or 

 
(2.3) 
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Step 2:  If for given equation (2.3) is satisfied then there exists a function f for  

 

which 

   
y)M(x,

x




f

 

 Integrating (2.4) with respect to x, while holding y constant, we get 

     g(y)y)dxM(x,y)(x,f
    

 where the arbitrary function g(y) is constant of integration. 

Step 3: Differentiate (2.5) with respect to y and assume y

f

=N(x,y), we get 

   
 









y)N(x,(y)g'y)dxM(x,

yy

f

 

  or 

   



 y)dxM(x,

y
y)N(x,(y)g'

 

Step 4:  Integrate (2.6) with respect to y and substitute this value in (2.5) to obtain f(x,y)=c, the 

solution of the given equation. 

Remark 2.2.2: (a) Right hand side of (2.6) is independent of variable x, because 

  








































 y)dxM(x,

xyx

N
y)dxM(x,

y
y)N(x,

x  

     

0
y

M

x

N












  

(b) We could just start the above mentioned procedure with the assumption that 

  

y)N(x,
y




f

 

 By integrating N(x,y) with respect to y and differentiating the resultant expression, we would find 

the analogues of (2.5) and (2.6) to be, respectively, 

(2.4) 

(2.5) 

(2.6) 
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    h(x)y)dyN(x,y)(x,f
 

  



 y)dyN(x,

x
y)M(x,(x)h'

 

Example 2.4: Check whether x
2
y

3
dx + x

3
y

2
dy = 0 is exact or not? 

Solution: In view of Remark 2.2.1(b) we must check whether       , where M(x,y)= 

x
2
y

3
, N(x,y)=x

3
y

2
 

   

,y3x
y

M 22




 

22y3x
x

N






 

   x

N
  y3x

y

M 22










 

Hence the given equation is exact. 

 

Example 2.5: Determine whether the following differential equations are exact. If they are exact 

solve them by the procedure given in this section. 

(a) (2x-1)dx + (3y+7)dy=0 

(b) (2x+y)dx - (x+6y)dy=0 

(c) (3x
2
y+e

y
)dx + (x

3
+xe

y
-2y)dy=0 

Solution of (a) M(x,y) = 2x-1, N(x,y)=3y+7 

  

0,
y

M






 
0

x

N






 

x

N

y

M










 and so the given equation is exact. 

Apply procedure of solution 2.2 for finding the solution. 

Put 
1.2x

x

f






 Integrating and choosing h(y) as the constant of integration we get 

h(y)xxy)f(x,
x

f 2 




 

and 

 

This shows that 

.   Thus 
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7,3yy)N(x,(y)h'   and by integrating with respect to y we obtain 

7yy
2

3
h(y) 2 

 

The solution is  

 
c7yy

2

3
xxy)f(x, 22 

 

Solution of (b): It is not exact as 

  6yxy)N(x,y,2xy)M(x,   

 and 

1
x

N
1

y

M











 

Solution of (c): M(x,y) = 3x
2
y + e

y 

   N(x,y) = x
3
 + xe

y
 – 2y 

   

y2 e3x
y

M






 

y2 e3x
x

N






 

Thus  

,
x

N

y

M










 that is 

the equation is exact. 

Apply procedure of solution 2.2 

  Let 

y2 ey3x
x




f

 

 Integrating with respect to x, we obtain 

   g(y)xeyxy)(x, y3 f  

 where g(y) is a constant of integration 

 Differentiating with respect to y we obtain  
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(y)g'xex
y

y3 


f

 

 This gives 

(y)g'xex
y

y)N(x, y3 





f

 

  or g’(y) = –2y 

  or g(y) = –y
2
 

 Substituting this value of g(y) we get 

  f(x,y) = x
3
y + xe

y
 – y

2
 = c. Thus 

  x
3
y + xe

y
 – y

2
  = c is the solution of the given differential equation. 

2.2.1 Equations Reducible to Exact Form 

 There are non-exact differential equations of first-order which can be made into exact differential 

equations by multiplication with an expression called an integrating factor. Finding an integrating 

factor for a non-exact equation is equivalent to solving it since we can find the solution by the 

method described in Section 2.2. There is no general rule for finding integrating factors for non-

exact equations. We mention here two important cases for finding integrating factors. It may be 

seen from examples given below that integrating factors are not unique in general. 

Computation of Integrating Factor 

Let M(x.y)dx+N(x,y)dy=0 

be a non-exact equation. 

Then  

(i) 

dx
N

xNyM

e)x(




  

is an integrating factor, where My, Nx are partial derivatives of M and N with respect to y and x and 

N

xNyM 

 is a function of x alone.  

 (ii) 

dy
M

yMxN

e)x(




  
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is an integrating factor, where My and Nx are as in the case (i) and M

yMxN 

 is a function of y 

alone. 

 

Example 2.6: (a) Let us consider non-exact differential equation. 

 (x
2
/y) dy+2xdx=0 

2

1

x  and y are integrating factors of this equation. 

(b) e
x
 is an integrating factor of the equation 

xy
dx

dy


 

Example 2.7:  Solve the differential equation of the first-order: 

   xydx+(2x
2
+3y

2
-20)dy=0 

Solution: M(x,y)=xy,       N(x,y)=2x
2
+3y

2
-20 

 My=x and Nx=4x. This shows that the differential equation is not exact. 

 202322

3








yx

x

N

xNyM

 

 leads us nowhere, as N

xNyM 

 is a function of both x and y. However, 

 yxy

xx

M

yMxN 34







 is a function of y only. Hence 

 
33lnln3

3

yyeyey

dy

e 



 is an integrating factor. 

 After multiplying the given differential equation by y
3
 we obtain 

 xy
4
dx+(2x

2
y

3
+3y

5
-20y

3
)dy=0 
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 This is an exact differentiation equation. Applying the method of the previous section we get 

 
C4y56y

6

34y2x
2

1


 

Example 2.8: Solve the following differential equation: 

 (2y
2
+3x)dx+2xydy=0 

Solution: The given differential equation is not exact, that is 

 x

N

y

M










, where 

 M(x,y)=2y
2
+3x 

 N(x,y)=2xy 

 (My-Nx)/N = 1/x is a function of x only. 

 Hence xxdxe  /
 is an integrating factor. 

 By multiplying the given equation by x we get (2y
2
x+3x

2
)dx+2x

2
ydy=0 

 This is an exact equation as 

 

)22()2322( yx
x

xxy
y 








 

 Applying the method for solving exact differential equation, we get f=x
2
y

2
+x

3
+h(y), h’(y)=0, and 

h(y)=c if we put fx=2xy
2
+3x

2
. The solution of the differential equation is x

2
y

2
+x

3
=c. 

2.3 Linear Equations 

Definition 2.3.1: A first order differential equation of the form 

   
g(x)(x)ya

dx

dy
(x)a 01 

 

  is called a linear equation. 

if a1(x)  0, we can write this differential equation in the form 

  
f(x)P(x)y

dx

dy


   (2.7),  
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where (x)a

(x)a
P(x)

1

0

,     (x)a

g(x)
(x)

1

f

  

(2.7) is called the standard form of a linear differential equation of the first order  

Definition 2.3.2: 
P(x)dx

e  is called the integrating factor of the standard form of a linear differential 

equation (2.7). 

Remark 2.3.1: (a) A linear differential equation of first order can be made exact by multiplying 

with the integrating factor. Finding the integrating factor is equivalent to solving the equation. 

(b) Variation of parameters method is a procedure for finding a particular solution of 2.7. For 

details of variation of parameters method see the solution of Exercise 39 of this chapter. 

Procedure of Solution 2.3: 

Step 1: Put the equation in the standard form (2.7) if it is not given in this form. 

Step 2: Identify P(x) and compute the integrating factor (x) = 
P(x)dx

e  

Step 3: Multiply the standard form by (x). 

Step 4: The solution is  

    c(x)dx(x).(x)y. f
 

Example 2.9: Find the general solution of the following differential equations: 

(a) 
8y

dx

dy


  (b) 
32y

dx

dy
x 

 

(c) 

3xe1)y(3x
dx

dy
x 

 

Solution: (a)  
08y

dx

dy


 

  P(x)= – 8  

 Integrating function = 
8x8dx

ee(x) 

  
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cdx0.ey.e 8x8x  



 

 or ,cey 8x  -<x<  

(b) x

3
y

x

2

dx

dy


 

 Integrating factor = ,e(x)
P(x)dx  where 

  x

2
P(x) 

 

  
2

dx
x

2

xe(x) 


  

 Solution is given by 

    c(x)dxf(x).(x)y.
 

 where ,x(x) 2  x

3
f(x) 

 

 Thus 

  
cdx.x

x

3
yx 22  

 

 
cx

2

3
c3xdx 2  

 

 or 
,

x

c

2

3
y

2


 0<x< 

(c) Standard form is  

  x

e
y

x

1
3

dx

dy 3x











 

  
,

x

1
3P(x) 

 x

e
f(x)

3x


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 Integrating factor = 


P(x)dx
e(x)  

 = 
3x

dx
x

1
3

xee 
 










 

  
cdx.xe

x

e
y.xe 3x

3x
3x  



 

   
cxcdxe0    

 or 

3x3x e
x

c
ey  

 for 0<x<. 

2.4 Solutions by Substitutions 

A first-order differential equation can be changed into a separable differential equation (Definition 

2.1) or into a linear differential equation of standard form (Equation (2.7)) by appropriate 

substitution. We discuss here two classes of differential equations, one class comprises 

homogeneous equations and the other class consists of Bernoulli’s equation. 

2.4.1 Homogenous Equations 

A function f(.,.) of two variables is called homogeneous function of degree  if  

y)f(x,tty)f(tx,    for some real number . 

A first order differential equation, M(x,y)dx + N(x,y)dy = 0 is called homogenous if both 

coefficients M(x,y) and N(x,y) are homogenous functions of the same degree. 

Method of Solution for Homogenous Equations: A homogeneous differential equation can be 

solved by either substituting y=ux or x=vy, where u and v are new dependent variables. This 

substitution will reduce the equation to a separable first-order differential equation. 

Example 2.10: Solve the following homogenous equations: 

(a) (x-y)dx + xdy = 0 

(b) (y
2
+yx)dx + x

2
dy = 0 

Solution: (a)  Let y=ux, then the given equation takes the form 

   (x-ux)dx + x(udx + xdu) = 0 
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  or dx + xdu = 0 

  or 
0du

x

dx


 

  or lnx+u = c 

  or xlnx+y=cx 

(b) Let y=ux, then the given equation takes the form  

  (u
2
x

2
 + ux

2
)dx + x

2
 (udx + xdu) = 0  

 
or (u

2
 + 2u)dx + xdu = 0 

 or 

0
)2u(u

du

x

dx





 

Solving this separable differential equation, we get 

  
cuux  2ln

2

1
ln

2

1
||ln

 

 or 
1

2

c
2u

ux


  where c1=2c 

 or 








 2

x

y
c

x

y
x 1

2

 

 or 2x)(yc y x 1

2   

2.4.2 Bernoulli’s Equation 

 An equation of the form 

   

ny)x(y)x(P
dx

dy
f

     (2.8) 

is called a Bernoulli’s differential equation. If n0 or 1, then the Bernoulli’s equation (2.8) can be 

reduced to a linear equation of first-order by the substitution. 

   
n1yv   
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 The linear equation can be solved by the method described in the previous section. 

Example 2.11: Solve the following differential equations: 

(a) 

3y3y
x

1

dx

dy


 

(b) 

2xyey
dx

dy


 

Solution: (a)  Let 
2n1 yyv    (n=3) 

   dx

dy
y2

dx

dv 3
 

  or dx

dv

2

1

y

1
.

dx

dy
3



 

 Substituting these values into the given differential equation, we get 

   
3v

x

1

dx

dv

2

1


 

  or 
6v

x

2

dx

dv


 

 This equation is of the standard form, (2.7) and so the method of Section 2.3 is applicable. 

 Integrating factor  


dxxP

ex
)(

)(  

 where 
.

x

2
)x(P 

 Therefore  (x) =x
-2 

 Solution is given by 

  
v.x

-2
 =  -6x

-2
 dx +c 

or 

v.x
-2

 =6x
-1

 +c 

or 
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v = 6x + cx
2
  

Since 

v = y
-2

 we get 

y
-2

 =6x +cx
2
 

or 
2cx6x

1y





 

(b) Let w = y
-1

, then the equation 

 

2yxey
dx

dy


 

 takes the form  

 

xew
dx

dw


 

 integrating factor (x) = = e
P(x)dx      

, where  P(x) = 1 

or (x) = e
P(x)dx 

=e
x  

Solution is given by 

 e
x
.w = -  e

2x
dx + c 

 

 

xcexeyor

cxe
y

xeor

cxe







2
11

2
2
11

2

2

1
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POSSIBLE QUESTIONS  

PART  - B ( 5 x 2 = 10 Marks ) 

 

1. Write the standard forms of the Second order differential equations. 

2. Explain integrating factor of the differential equation. 

3. Define separable equations with examples. 

4. Write the general form of Bernoulli’s equation. 

5. Define  integrating factor of the differential equation. 

PART – C ( 5 x 6 = 30 Marks ) 

1. Explain about exact differential equations with examples. 

2. Solve the equation (3  + 4xy) dx + (2   +2 y) dy =0. 

3. Write a note on integration factor of differential equations. 

4. Determine whether the given equations are exact or not and also solve that there is exact. 

           (2 xy+1) dx+            =0. 

5. Determine the most general function N(x,y) such that  the equation is exact  

        (      ) dx + N(x,y) dy=0. 

 6. Explain  Separable equations  with examples. 

 7. Solve the equation (x-4)    dx -           dy = 0. 

 8. Determine whether the differential equation is homogeneous or not 

             (                   . 

9. Define Bernoulli’s equation with example. 

10. Solve the differential equation  
  

  
      . 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
The standard form of first order differential equations 
derivative form is…………. (dy/dx)=f(x,y) (dx/dy)=f(x,y) (dy/dx)=-f(x,y) (dy/dx)=0 (dy/dx)=f(x,y)
The standard form of first order differential equations 
differential form is………….

M(x,y)dx-
N(x,y)dy=0

M(x,y)dx*N(x,
y)dy=0

M(x,y)dx/N(x,y
)dy=0

M(x,y)dx+N(x,y
)dy=0

M(x,y)dx+N(x,y
)dy=0

The expression M(x,y)dx+N(x,y)dy=0  is called an 
………………... differential equations in a domain D. ordinary partial exact different exact
The expression …………………..  is called an exact 
differential equations in a domain D.

M(x,y)dx+N(x,y)d
y=0

M(x,y)dx*N(x,
y)dy=0

M(x,y)dx/N(x,y
)dy=0

M(x,y)dx-
N(x,y)dy=0

M(x,y)dx+N(x,y
)dy=0

The expression M(x,y)dx+N(x,y)dy=0  is called an exact 
differential equations in a domain D if there exists a 
function of………. variable such that the expression equals 
the total differential for all (x,y)in D zero one two three two
The expression M(x,y)dx+N(x,y)dy=0  is called an exact 
differential equations in a domain D if there exists a 
function of two  variable such that the expression equals the 
………….for all (x,y)in D differential

ordinary 
differential

partial 
differential total differential total differential

If  M(x,y)dx+N(x,y)dy is an exact differential then the 
differential equation M(x,y)dx+N(x,y)dy=………….is 
called exact differential equation 0 1 2 3 0

Possible Questions                               
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If  M(x,y)dx+N(x,y)dy is an …………..differential then the 
differential equation M(x,y)dx+N(x,y)dy=0 is called exact 
differential equation ordinary partial exact different exact

If  M(x,y)dx+N(x,y)dy is not an exact differential in D then 
the differential equation …………………. in D the μ(x,y)  
is called integrating factor of the differentialequation

μ(x,y)M(x,y)dx+μ
(x,y)N(x,y)dy=0

μ(x,y)M(x,y)dx-
μ(x,y)N(x,y)dy
=0

μ(x,y)M(x,y)dx
*μ(x,y)N(x,y)dy
=0

μ(x,y)M(x,y)dx/
μ(x,y)N(x,y)dy=
0

μ(x,y)M(x,y)dx
+μ(x,y)N(x,y)dy
=0

If  M(x,y)dx+N(x,y)dy is not an ……………. differential in 
D then the differential equation 
μ(x,y)M(x,y)dx+μ(x,y)N(x,y)dy=0 in D the μ(x,y)  is called 
integrating factor of the differentialequation ordinary partial exact different exact
If  M(x,y)dx+N(x,y)dy is not an exact differential in D then 
the differential equation μ(x,y)M(x,y)dx+μ(x,y)N(x,y)dy=0 
in D the μ(x,y)  is called ………….factor of the 
differentialequation differential integrating common exact integrating

An equation of the form ……………...is called an equation 
with variables separable orsimply a separable equations.

F(x)G(y) 
dx+f(x)g(y) dy=0 

F(x)G(y) 
dx/f(x)g(y) 
dy=0 

F(x) dx+g(y) 
dy=0 

G(y) dx+f(x) 
dy=0 

F(x)G(y) 
dx+f(x)g(y) 
dy=0 

An equation of the form F(x)G(y) dx+f(x)g(y) dy=0 is 
called an ……………...or simply a separable equations.

equation with 
function separable 

equation with 
constant 
separable 

equation with 
roots separable 

equation with 
variables 
separable 

equation with 
variables 
separable 

An equation of the form F(x)G(y) dx+f(x)g(y) dy=0 is 
called an equation with variables separable or simply 
a…………….equations. differential integral separable variable separable

The first order differential equation M(x,y)dx+N(x,y)dy=0 
is said to be………………... if the derivativeof the form 
(dy/dx)=f(x,y) there exists a function g suchthat f(x,y) can 
be expressed in the form g(y/x)  homogeneous

 non 
homogeneous singular non singular  homogeneous

The first order differential equation M(x,y)dx+N(x,y)dy=0 
is said to be homogeneous if the derivativeof the form 
………….. there exists a function g suchthat f(x,y) can be 
expressed in the form g(y/x) (dy/dx)=0 (dy/dx)=f(x,y) (dy/dx)=1/f(x,y) (dy/dx)= -f(x,y) (dy/dx)=f(x,y)
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The first order differential equation M(x,y)dx+N(x,y)dy=0 
is said to be………………... if the derivativeof the form 
(dy/dx)=f(x,y) there exists a function g suchthat f(x,y) can 
be expressed in the form…………  g(x/y)  g(1/x)  g(1/y)  g(y/x)  g(y/x)
A first order differential equation is linear in the dependent 
variable y and the independent variable x if it is can be 
written in the form ……………………

(dy/dx)=P(x)y+Q(
x).

(dy/dx)+P(x)y/
Q(x)=0.

(dy/dx)+P(x)y=
Q(x). (dy/dx)+P(x)y=0

(dy/dx)+P(x)y=
Q(x).

A first order differential equation is ………………. in the 
dependent variable y and the independent variable x if it is 
can be written in the form (dy/dx)+P(x)y=Q(x). linear nonlinear zero separable linear
A …………..order differential equation is linear in the 
dependent variable y and the independent variable x if it is 
can be written in the form (dy/dx)+P(x)y=Q(x). first second third n th first 
An equation of the form   ……………………….is called  a 
Bernoulli differential equation . (dy/dx=P(x) y^n 

(dy/dx)+P(x)y/
Q(x)=0.

(dy/dx)+P(x)y=
Q(x) y^n (dy/dx)+P(x)y=0

(dy/dx)+P(x)y=
Q(x) y^n 

An equation of the form   (dy/dx)+P(x)y=Q(x) y^n is called  
………………... differential equation .
In bernoulli equation when n=……….. then the equation is 
called  linear equation. 0 or 1 1 or 2 0 or 2 0 or -1 0 or 1
In bernoulli equation when n=0 or 1 then the equation is 
called …………….. equation. ordinary partial nonlinear  linear  linear
In ……………….. equation when n=0 or 1 then the 
equation is called  linear equation. ordinary Bernoulli Euler partial Bernoulli
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Atmosphere 

 

UNIT – III 

SYLLABUS  

 

 

 

 

Introduction: 

Compartmental models provides a means to formulate models for processes which have inputs 

and/or outputs over time. In this chapter, we will study modelling of radioactive decay processes, 

pollution levels in lake systems and the absorption of drugs into the bloodstream, exponential growth 

model, density dependent growth, limited growth harvesting using compartmental techniques. 

 

Compartmental Model: 

 

Definition: Compartmental Model is a model in which there is a place called compartment which has 

amount of substance in and amount of substance out over time. One example of compartmental model is 

the pollution into and out of a lake where lake is the compartment. Another example is the amount of 

carbon-di-oxide in the Earth’s atmosphere. The compartment is the atmosphere where the input of CO2 

occurs through many processes such as burning and output of CO2 occurs through plant respiration. It can 

be shown in the form of a diagram called compartmental diagram which is shown below. 

 

Input CO2 Output CO2 

 
Fig. 1: Input – output compartmental diagram for CO2 

Balance Law: 

 

 

 

 
 

 

Introduction to compartmental model, exponential decay model, lake pollution model (case study 

of Lake Burley Griffin), drug assimilation into the blood (case of a single cold pill, case of a 

course of cold pills), exponential growth of population, limited growth of population, limited  

growth with harvesting. 
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POSSIBLE QUESTIONS  

PART – B (5 x 2 = 10) 

1. Define Compartmental Model. 

2. Write the basic assumption for Exponential Decay Model. 

3. Define Lake Pollution Model. 
4. Explain the balance Law. 

5. Explain Limited growth of population 

PART – C ( 5 x 6 = 30 Marks )  

       1. Briefly explain Compartmental model with example. 

       2. Let in a lake, the pollution level is 5%. If the fresh water at the rate of 10000litres per day  

            is allowed to enter and same amount of water leaves the lake. Find the time when   

            pollution level is 2.5% if volume of lake is 500000litres. Further, if safety level is 0.1%,   

           then after  how much time, water is suitable for drinking. 

       3. Let in a lake, the pollution level is 7%. If the concentration of incoming water is 2% and    

           10000 litres per day water is allowed to enter the lake, find time when pollution level is  

            5%. Volume of the lake is 200000 litres. Also, find pollution after 32 days. 

      4.  Explain Exponential Decay model. 

      5.  How long will it take for the lake’s pollution level to reach 5% of its initial level, if only    

           fresh water flows into the lake. Consider two American Lakes where Lake Erie flows into    

           the Lake Ontario. Volume of   Lake Erie is 458×109 m
3
 and flow of water into the lake is  

           480×106 m
3
/day. Volume of  Lake Ontario is 1636×109 m

3
 and flow of water into the   

           lake is 572×106 m
3
/day. How long will it take for the lake’s pollution level to reach 5% of  

           its initial level, if only fresh  water flows into the lake.  

      6.  Explain Lake Pollution Model with example.  

      7.  In a population, the initial population is 100. Suppose the population can be modeled  

           using the differential equation with a time step of one month. Find predicted population  

          after 2 months  

      8 . Explain Limited growth with harvesting model with examples. 

      9.  Explain Exponential growth of population model  

     10  In a fish farm, fish are harvested at a constant rate of 2100 fish per week. The per capita  

          death rate for the fish is 0.2 fish per day per fish and per capita birth rate is 0.7 fish per day  

          per fish.  

          (i)Write down a word equation and differential equation for rate of change of fish     

     population.  

        (ii) Find when the fish population is in equilibrium& if initial fish population is 700, find    

             fish population after a week.  
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
Compartmental Model is a model in which there is a place 
called …………….. which has amount of substance in and 
amount of substance out over time. predator-prey compartment substance epidemic compartment

Compartmental Model is a model in which there is a place 
called compartment which has …………....

amount of 
substance in and 
amount of 
substance out over 
time

amount of 
substance out 
and amount of 
substance in 
over time

amount of 
substance in 
over time

 amount of 
substance out 
over time

amount of 
substance in and 
amount of 
substance out 
over time

Net Rate of change of a subtance =……………………… Rate in + Rate out
Rate in- Rate 
out

Rate in * Rate 
out

Rate in / Rate 
out

Rate in - Rate 
out

………………... model for radioactive decay can be 
considered as a compartmental model Exponential decay Epidemic

Exponential 
growth

Exponential 
pollution

Exponential 
decay

Exponential decay model for radioactive decay can be 
considered as a ……………………..

compartmental 
model

Exponential 
growth model

Exponential 
pollution model Epidemic model

compartmental 
model

Exponential decay model for ………..decay can be 
considered as a compartmental model positive negative radioactive pollution radioactive 
In Exponential decay model with compartment being the 
radioactive material with …………….as decay of 
radioactive sample over time.

both input and 
output 

no input but 
output 

 input but no 
output 

no input but no 
output 

no input but 
output 

Possible Questions                               
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In ……………. assumption the amount of an element 
present is large enough so that we are justified in ignoring 
random fluctuations radioactive model

Exponential 
growth model

Exponential 
pollution model Epidemic model

radioactive 
model

In radioactive model assumption the amount of an element 
present is ………….. enough so that we are justified in 
ignoring random fluctuations zero large small infinite large
In radioactive model assumption the amount of an element 
present is large enough so that we are justified in ignoring 
random ……………….. effects fluctuations values forces fluctuations
In radioactive model assumption the process is 
…………….. in time continuous dis continuous finite infinite continuous
In radioactive model,we assume a ………………….. of 
decay for an element constant rate variable rate unfixed rate fixed rate fixed rate
There is no ……….. in mass of the body of material in the 
basic assumption in radioactive model increase decrease change value increase
There is no increase in………….. of the body of material in 
the basic assumption in radioactive model force mass velocity distance mass
The initial value problem corresponding to exponential 
decay model is ………

dN/dt=-K,  
N(0)=n0,

dN/dt=N,  
N(0)=n0,

dN/dt=-KN,  
N(0)=n0,

dN/dt=KN,  
N(0)=0,

dN/dt=-KN,  
N(0)=n0,

The initial value problem corresponding to exponential 
decay model is dN/dt=-KN,  N(0)=n0,where K=……….. K=0 K<0 K>0 K≥0 K>0

……………………….can be considered as a 
compartmental model with two compartments

Exponential 
growth model

Drug 
Assimilation 
Model 

Exponential 
pollution model Epidemic model

Drug 
Assimilation 
Model 

Drug Assimilation Model can be considered as a 
compartmental model with ………. compartments zero one two three two

Exponential or Natural Growth Equation
dx/dt=rx ; x(0) = x 0, r > 0

dx/dt=r-x ; x(0) = 
x 0, r > 0

dx/dt=r+x ; x(0) 
= x 0, r > 0

dx/dt=rx ; x(0) 
= x 0, r > 0

dx/dt=r/x ; x(0) 
= x 0, r > 0

dx/dt=rx ; x(0) = 
x 0, r > 0

………………... solution is the point at which there is no 
change in population finite infinite Equilibrium separable Equilibrium
Equilibrium solution is the ………………. at which there 
is no change in population solution point constant variable point
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Equilibrium solution is the point at which there is ……... 
change in population no finite infinite limited no
At ……………….. solution, rate of birth balance rate of 
death dX/dt=0. equilibrium finite infinite differential equilibrium
At equilibrium solution, rate of ……….. balance rate of 
death dX/dt=0. birth death decay population birth
At equilibrium solution, rate of birth balance rate of death 
……….... dX/dt<0 dX/dt>0 dX/dt≠0 dX/dt=0 dX/dt=0

Rate of change of population=---------

Rate of 
births+Rate of 
deaths

Rate of births-
Rate of deaths

Rate of 
births*Rate of 
deaths

Rate of 
births/Rate of 
deaths

Rate of births-
Rate of deaths

Rate of change of drug in GI tract=……………………….

Rate of drug 
intake/Rate of 
drug leaves GI 
tract

Rate of drug 
intake*Rate of 
drug leaves GI 
tract

Rate of drug 
intake+Rate of 
drug leaves GI 
tract

Rate of drug 
intake-Rate of 
drug leaves GI 
tract

Rate of drug 
intake-Rate of 
drug leaves GI 
tract

The differential equation for Drug Assimilation Model in 
case of single pill is for GI tract……… dX/dt=1, x(0)=x0

dX/dt=K1(X), 
x(0)=x0

dX/dt=0, 
x(0)=x0

dX/dt=K1(X), 
x(0)=0

dX/dt=-K1(X), 
x(0)=x0

The differential equation for Drug Assimilation Model in 
case of single pill is for bloodstream………

dY/dt=K1(x)K2(y
), y(0)=0,K1≠K2

dY/dt=K1(x)+K
2(y), 
y(0)=0,K1≠K2

dY/dt=K1(x)-
K2(y), 
y(0)=0,K1≠K2

dY/dt=K1(x)/K2
(y), 
y(0)=0,K1≠K2

dY/dt=K1(x)-
K2(y), 
y(0)=0,K1≠K2
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General solution of homogeneous equation of second order, principle of super position for 

homogeneous equation, Wronskian: its properties and applications, Linear homogeneous and 

non-homogeneous equations of higher order with constant coefficients, Euler’s equation, 

method of undetermined coefficients, method of variation of parameters. 
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POSSIBLE QUESTIONS  

PART – B (5 x 2 = 10) 

1. Define linear combination of functions. 

2. Explain a fundamental solution of function 
3. Briefly explain Wronskian of functions. 

4. Write any two properities of  Wronskian of functions. 

5. Write the general form of Euler’s equation. 

 

PART – C ( 5x 6 = 30 Marks )  

 

1. Prove that the Wronskin of  n solutions               of homogeneous equation is  

      either identically zero on       or else never zero on a        

2. Given that y=x is the solution of (      
   

      
  

  
      find a linearly             

      independent solution by reducing order. 

3.Find the general solution of i)  
   

     
  

  
        ii) 

   

     
  

  
         

4. Solve the initial value problems   
   

    
  

  
        , y(0) = 3 , y’(0) = 5. 

5.Find the general solutions of  the differential equations  
   

     
  

  
                

6. Determine the linear combinations of functions with undetermined literal coefficients to  

      use in  finding a particular integral by the method of undetermined coefficients  

         
   

     
  

  
                .  

7.Explain briefly variation of  parameters of differential equation. 

 8.Find the general solution of the differential equation  

         (      
   

      
  

  
              

9.Find the general solution of       

      
  

  
       

10. Consider the  second order homogeneous  linear differential equation 
   

     
  

  
      

         i) Find the two linearly independent solutions            of this equation which are such            

           that             
        and              

        . 

         ii) Express the solution 3        as a linear combination of the two linearly independent  

           Solutions of           defined in part (i). 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

If f1,f2… … ….fm are m given functions  and c1,c2… … 
… …cm  are m constants then the expression  
………………...is called a linear combination of  f1,f2… 
… …fm.

c1 f1+c2 
f2+………….+cm 
fm 

c1 f1*c2 
f2*………….*c
m fm 

c1 f1/c2 
f2/…………./c
m fm 

c1 f1-c2 f2-
………….-cm 
fm 

c1 f1+c2 
f2+………….+c
m fm 

If f1,f2… … ….fm are m given functions  and c1,c2… … 
… …cm  are m constants then the expression  c1 f1+c2 f2+ 
… … … ….+cm fm is called a ……………... of  f1,f2… 
… …fm.

non linear 
combination

homogeneous 
equation

non 
homogeneous 
equation

linear 
combination

linear 
combination

Any ………….. combination of solutions of  the 
homogeneous  linear  differential equation is also a solution 
of  homogeneous equation. linear nonlinear zero separable linear
Any lienar combination of solutions of  the ……………….  
linear  differential equation is also a solution of  
homogeneous equation.  homogeneous

 non 
homogeneous singular non singular  homogeneous

Any lienar combination of solutions of  the homogeneous  
linear  differential equation is also a …………………...of  
homogeneous equation. value separable solution exact solution
The n  functions  f1,f2… … ….fn are called ……………..  
on a ≤ x ≤ b  ifthere existsa constants c1,c2… … … …cn 
not all zero,such that   c1 f1(x)+c2 f2(x)+ … … … ….+cn 
fn (x)=0 for  all x. linearly dependent

linearly  
independent finite infinite

linearly 
dependent

Possible Questions                               
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The n  functions  f1,f2… … ….fn are called linearly 
dependent  on a ≤ x ≤ b  ifthere existsa constants c1,c2… 
… … …cn not ………………..,such that   c1 f1(x)+c2 
f2(x)+ … … … ….+cn fn (x)=0 for  all x. all zero one zero two zero n zero all zero
The n  functions  f1,f2… … ….fn are called linearly 
dependent  on a ≤ x ≤ b  ifthere existsa constants c1,c2… 
… … …cn not all zero,such that   c1 f1(x)+c2 f2(x)+ … … 
… ….+cn fn (x)=……... for  all x. 1 2 3 0 0
The  functions  f1,f2… … ….fn are called 
…………………...  on a ≤ x ≤ b if the relation    c1 
f1(x)+c2 f2(x)+ … … … ….+cn fn (x)=0 for  all x implies 
that  c1=c2=… … … …=cn=0. linearly dependent

linearly  
independent finite infinite

linearly 
independent

The  functions  f1,f2… … ….fn are called linearly 
independent  on a ≤ x ≤ b if the relation    c1 f1(x)+c2 
f2(x)+ … … … ….+cn fn (x)=0 for  all x implies that  
c1=c2=… … … …=cn=…………... 0 1 2 3 0
The  functions  f1,f2… … ….fn are called linearly 
independent  on a ≤ x ≤ b if the relation    c1 f1(x)+c2 
f2(x)+ … … … ….+cn fn (x)…………………….. for  all x 
implies that  c1=c2=… … … …=cn=0 equal to 0 < 0 > 0 not equal to 0  equal to 0
The nth order ………………….linear differential  
equations always possess n solutions that are linealy 
independent.  homogeneous

 non 
homogeneous singular non singular  homogeneous

The nth order homogeneous  linear …………………. 
equations always possess n solutions that are linealy 
independent. differential integral bernoulli euler differential
The nth order homogeneous  linear differential  equations 
always possess …………………….solutions that are 
linealy independent. zero finite inifinite n n
The nth order homogeneous  linear differential  equations 
always possess n solutions that are ………………… linearly dependent

linearly  
independent finite infinite

linearly 
independent

Let f1, f2,.. .. ..fn  be n……………..functions each of 
which has  an (n-1)st derivative on real interval  a ≤ x ≤ b real complex finite infinite real

Prepared by: R. Praveen Kumar, Department of Mathematics, KAHE
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Let f1, f2,.. .. ..fn  be n real functions each of which has  an -
-----------derivative on real interval  a ≤ x ≤ b n n-1 n+1 n+2 n-1
Let f1, f2,.. .. ..fn  be n real functions each of which has  an 
(n-1)st derivative on ------------ interval  a ≤ x ≤ b real complex finite infinite real
The ……………...solution of homogeneous equation  is 
called the complementary  function of equation. explicit implicit general particular general 
The general solution of -------------- equation  is called the 
complementary  function of equation.  homogeneous

 non 
homogeneous singular non singular  homogeneous

The general solution of homogeneous equation  is called 
the ------------------ function of equation. real complex complementary particular complementary
Any ………………….solution of linear differential 
equation involving no arbitrary constants is called 
particular integralof this equation. explicit implicit general particular particular
Any particular solution of linear differential equation 
involving -------------- arbitrary constants is called particular 
integralof this equation. finite infinite no one no
Any particular solution of linear differential equation 
involving no arbitrary constants is called ……………. 
integralof this equation. general particular finite infinite particular
The soluation--------------- is called the general solutionsof 
linear differential equations.  yc-yp  yc+yp  yc*yp  yc/yp  yc+yp
The soluation  yc+yp is called the --------------- solutionsof 
linear differential equations. explicit implicit general particular general 
In general solution  yc+yp where yc is 
……………..function real complex complementary particular complementary
In general solution  yc+yp where yp is 
……………..function explicit implicit general particular particular
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UNIT – V 

SYLLABUS  

 

 

 

 
 

 
 

 
 

 
 

 

 

 

Equilibrium points, Interpretation of the phase plane, predatory-prey model and its analysis, 

epidemic model of influenza and its analysis, battle model and its analysis. 
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POSSIBLE QUESTIONS  

PART – B (5 x 2 = 10) 

 

 1. Define equilibrium points. 

 2. Write short note on predator-prey model. 

 3. Write the basic assumptions for predator-prey model 

 4. Write short note on Interpretation of the phase plane. 

 5. Write short note on predator-prey model. 

 

PART – C ( 5 x 6 = 30 Marks )  

 

 1. Find the equilibrium points of the differential equations 
  

  
          and  

  

  
           

 2. Explain the Epidemic Model of Influenza. 

 3. Determine a word equation and appropriate compartment diagram for the prey and predator  both 

 4. Apply chain rule to find relation between X and Y for the differential equations 

       
  

  
       and 

  

  
    . 

 5.Formulate differential equations for the predator and prey density model. 

 6. Find equilibrium points for the following equations                     . 
 7. Write an note on Interpretation of the phase plane. 

 8. Find equilibrium points for the following equations                    . 
 9. Explain the battle model with examples. 

10. Formulating the differential equations for the predator and prey density . 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
An …………………….. for influenza is developed to 
describe the spread of disease in population radioactive model

Exponential 
growth model

Exponential 
pollution model Epidemic model Epidemic model

An epidemic model for influenza is developed to describe 
the ……………………. in population spread of virus

spread of 
medicine

spread of 
disease spread of blood

spread of 
disease

An epidemic model for influenza is developed to describe 
the spread of disease in population.It is divided into 
……….. groups one two three four three
A system of ……... coupled differential equations is 
obtained by modelling these interacting groups one two three four two
A system of two coupled ……………...equations is 
obtained by modelling these interacting groups differential integral linear non linear differential 
The population liable to catch the disease is called 
the……………… susceptibles in susceptibles infectious disinfectious susceptibles
To ignore the random differences between individuals, we 
assume the populations of susceptibles and infectious 
infectives are ………... zero small large infinite large
The latent period for the disease equal to ………… zero one two three zero
The rate of change in the number of 
……………………….describe in word equations with the 
help of an input-output compartment diagram.

susceptibles and 
fectious infectives

unsusceptibles 
and infectious 
infectives

unsusceptibles 
and fectious 
infectives

susceptibles and 
infectious 
infectives

susceptibles and 
infectious 
infectives
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The rate of change in the number of susceptibles and 
infectious infectives
describe in word equations with the help of an 
……………….diagram. birth-death growth-deccay

input-output 
compartment radioactive

input-output 
compartment

The formulation differential equation for the Predator-prey  
epidemic model the constant ʎ is called the ……………. or 
infection rate

transmission 
coefficient

partial 
coefficient

differential 
coefficient

integral 
coefficient

transmission 
coefficient

The formulation differential equation for the Predator-prey  
epidemic model the constant ʎ is called the transmissio 
coefficient or ………………….. susceptibles rate birth rate death rate infection rate infection rate
Rate of susceptible infected=……………… ʎ S(t) I(t) ʎ S(t)/ I(t) ʎ/ S(t) I(t) ʎ S(t) ʎ S(t) I(t)
The number of …………... removed in the time interval 
should
depend only on the number of infectives susceptibles in susceptibles infectives disinfectives infectives
The number of infectives removed in the time interval 
should
depend only on the number of infectives infectives disinfectives susceptibles unsusceptibles infectives
The rate at which susceptible converted into ……………. 
is proportionate
to the number of susceptibles and infectives both susceptibles in susceptibles infectived disinfectived infectived
The rate at which susceptible converted into infected is 
proportionate
to the number of ……………….

only susceptibles 
and not infectives

 only infectives 
but not 
susceptibles

only 
susceptibles 

susceptibles and 
infectives both

susceptibles and 
infectives both

The rate at which infectives recover and are removed is 
proportionate
to the number of ………………..

only susceptibles 
and not infectives  only infectives 

only 
susceptibles only infectives only infectives

The number of prey and the number of predators are two 
separates quantities which vary with …… time variable constant value time
A simple ……………….model for omnivores using the 
evolution of population of small insect pests predator-prey 

Exponential 
growth model

Exponential 
pollution model Epidemic model predator-prey 

A simple predator-prey model for ……………..using the 
evolution of population of small insect pests herbivores omnivores carnivores

both omnivores 
& herbivores omnivores 

In the absence of a …………..., the prey population can 
grows exponentially predator susceptibles infective Epidemic predator
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In the absence of a predator, the prey population can grows 
………………. graduately geometrically differentially  exponentially  exponentially
The …………………. are only two populations, which 
affect the environment. predator-prey 

Exponential 
growth model

Exponential 
pollution model Epidemic model predator-prey 

The predator and the prey are only ………. populations, 
which affect the environment. one two three four two
The predator and the prey are only two populations, which 
affect the …………….. environment animals insects birth environment
 capturing and eating by the predator is the cause for the 
prey………………. birth death population growth death
……………….. by the predator is the cause for the prey 
deaths capturing  eating circulating

capturing and 
eating

capturing and 
eating

The rate of …………... from an individual prey is defined 
as per-capita birth
rate and it does not depend on the density of predators. births deaths growths decays births

The rate of births from an individual prey is defined as per-
capita birth
rate and it does not depend on the ………….of predators. velocity force dencity mass dencity
The phase-plane ………. moving in a clockwise direction 
are the solutions angle trajectories density force trajectories
The phase-plane trajectories moving in a …………... 
direction are the solutions clockwise anticlockwise positive negative clockwise
The phase-plane trajectories moving in a clockwise 
direction are the ………….. solutions equations constant vatiables solutions
……….. variable t does not explicitly used in any 
differential    equation constant time mass density time
Time variable t does not ……………….used in any 
differential   equation implicitly explicitly finitely infinitely explicitly 
Time variable t  does not explicitly used in any 
……………...equation constant differential integral exponential differential
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PART - A (20X1 = 20 Marks) 

ANSWER ALL THE QUESTIONS  

1. An equation involving one or more dependent variables  with 

respect to  one or more independent variables is called……… 

a) differential equations     b) integral equation  

c) Euler’s equation   d)Laplace equation 

2. A differential equation involving ordinary  derivatives of one or 

more dependent variables with respect to………. independent 

variables is called ordinary differential equations. 

a) zero           b) single c) different  d)one or more 

3. The order of the differential equations  
   

    (
  

  
)
 

       is 

a) 1                b) 3  c) 5             d)7 

4. Linear ordinary differential equations are further classified 

according to the nature of the coefficients of the ….variables and its 

derivatives. 

a) single         b) dependent          c) independent           d) constant 

5. Both ……….. solutions  will usually be called simply solutions. 

a) general and particular  b) singular and non singular  

c) ordinary and partial   d) explicit and implicit 

6. A non linear ordinary differential equation is an ordinary differential 

equation that is not ………… 

a)differential        b) integral  c) linear d)non linear 

7.  Let f be a real function defined for all x in a real interval I and 

having …………..order derivatives then the function f is called 

explicit solution of the differential equations. 

a)1 
st
   b) 2

nd
       c) n

th
   d) n+1

th
 

8. The relation g(x,y)=0 is called the ………solution of  

   F[x,y,(dy/dx)...(dy/dx)
n
]=0  

a) constant b) implicit  c) explicit d) general 

9. A partial differential equation requires …….. 

a) exactly one independent variable 

b) two or more independent variables 

c) more than one dependent variable 

d) equal number of dependent and independent variables 

10. Polynomial ar
2
+br+c=0 is called…….. 

a) characteristic polynomial      b) trivial polynomial 

c) determinant polynomial  d) singular polynomial 

11. General solution of higher order linear differential equation 

depends on….. 

a) arbitrary constant   b) coefficient   

c) type of roots   d) method to be which solved 

12. A solution which cannot be obtained from the general solution by 

any choice of the arbitrary constants is called ……… solution. 

a) general b) Singular  c) Particular   d) Zero 

13. The standard form of first order differential equations is…………. 

a) M(x,y)dx+N(x,y)dy=0                      b) M(x,y)dx-N(x,y)dy=0          

c) M(x,y)dx*N(x,y)dy=0                d) M(x,y)dx / N(x,y)dy=0 

14. The standard form of first order differential equations of derivative 

form is…………. 

a) (dy/dx)=f(x)         b) (dx/dy)=f(x,y)      

c) (dx/dy)=f(x,y)     d) (dx/dy)=f(y) 

15. The expression M(x,y)dx+N(x,y)dy=0  is called an …… 

differential equations in a domain D. 

a) ordinary  b) partial c) exact  d) separable 

 



16. The order of ……...derivatives involved in the differential 

equations is called order of the differential equation. 

a) zero  b) lowest c) highest  d) infinite 

17. A solution which contains as many arbitrary constants as the order 

of the differential equation is called a ……..solution of the differential 

equation. 

a) general b) Singular  c) Particular   d) Zero 

18.  A ordinary differential equation requires …….. 

a) exactly one independent variable 

b) two or more independent variables 

c) more than one dependent variable 

d) equal number of dependent and independent variables 

19. The order of the differential equations  
   

    
   

         is…… 

a) 1                b) 3     c) 5             d) 7 

20. Variable is that ……which takes on different quantitative values 

a) quantity b) order     c) quality   d) values  

 

PART-B ( 3 X 2 = 6 Marks) 

ANSWER ALL THE QUESTIONS 

21. Define Differential equation with example. 

22. Explain the order of the differential equation with example 

23. Write the standard forms of the Second order differential 

equations. 

PART-C ( 3X8 = 24 Marks) 

ANSWER ALL THE QUESTIONS 

24. a) Write the definition of general, particular, explicit, implicit and 

singular solutions of differential equations. 

(OR) 

     b) Show that every function f defined by   ( )  (    )      

where c is arbitrary equation is a solution of the differential equation 
  

  
    = 3          

 

25. a) Show that the function f defined by f(x) =                  

satisfies the differential equation 
   

   
  

  

  
            and also 

the condition that f(0)=2 and    (0)=4 

(OR) 

       b) Show that the function for all x by f(x)= 2 sin x +3cos x is an 

explicit solution of the  differential equation 
   

   
     for all real x. 

26. a) Derive the necessary and sufficient condition for the equation 

          to be exact. 

(OR) 

      b) Determine whether the given equation is exact. 

(     )   (     )     
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Answer Key 

PART - A (20X1 = 20 Marks) 

ANSWER ALL THE QUESTIONS 

1. An equation involving one or more dependent variables  with respect to  one or more independent 

variables is called……… 

a) differential equations     b) intergral equation  

c) Eulers equation   d)Laplace equation 

2. A differential equation involving ordinary  derivatives of one or more dependent variables with respect 

to………. independent variables is called ordinary differential equations. 

a) zero           b) single c) different  d)one or more 

3. The order of the differential equations  
   

    (
  

  
)
 

       is 

a) 1                b) 3  c) 5             d)7 

4. Linear ordinary differential equations are further classified according to the nature of the coefficients of 

the ….variables and its derivatives. 

a) single         b) dependent          c) independent           d) constant 

5. Both ……….. solutions  will usually be called simply solutions. 

a) general and particular  b) singular and non singular  

c) ordinary and partial   d) explicit and implicit 

6. A non linear ordinary differential equation is an ordinary differential equation that is not ………… 

a)differential        b) integral  c) linear d)non linear 

7.  Let f be a real function defined for all x in a real interval I and having …………..order derivatives then 

the function f is called explicit solution of the differential equations. 

a)1 
st
   b) 2

nd
       c) n

th
   d) n+1

th
 

8. The relation g(x,y)=0 is called the ………solution of  

   F[x,y,(dy/dx)………..(dy/dx)^n]=0  

a) constant b) implicit  c) explicit d) general 

9. A partial differential equation requires …….. 

a) exactly one independent variable 

b) two or more independent variables 

c) more than one dependent variable 

d) equal number of dependent and independent variables 

10. Polynomial ar
2
+br+c=0 is called 

a) characteristic polynomial      b) trivial polynomial 

c) determinant polynomial  d) singular polynomial 

11. General solution of higher order linear differential equation depends on 

a) arbitrary constant   b) coefficient   

c) type of roots   d) method to which solved 

12. A solution which cannot be obtained from the general solution by any choice of the arbitrary constants 

is called ……… solution. 

a) general b) Singular  c) Particular   d) Zero 
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13. The standard form of first order differential equations differential form is…………. 

a) M(x,y)dx+N(x,y)dy=0                      b) M(x,y)dx-N(x,y)dy=0          

c) M(x,y)dx*N(x,y)dy=0                d) M(x,y)dx / N(x,y)dy=0 

14. The standard form of first order differential equations derivative form is…………. 

a) (dy/dx)=f(x)         b) (dx/dy)=f(x,y)      

c) (dx/dy)=f(x,y)     d) (dx/dy)=f(y) 

15. The expression M(x,y)dx+N(x,y)dy=0  is called an …… differential equations in a domain D. 

a) ordinary  b) partial c) exact  d) separable 

16. The order of ……...derivatives involved in the differential equations is called order of the differential 

equation. 

a) zero  b) lowest c) highest  d) infinite 

17. A solution which contains as many arbitrary constants as the order of the differential equation is called 

a ……..solution of the differential equation. 

a) general b) Singular  c) Particular   d) Zero 

18.  A ordinary differential equation requires …….. 

a) exactly one independent variable 

b) two or more independent variables 

c) more than one dependent variable 

d) equal number of dependent and independent variables 

19. The order of the differential equations  
   

    
   

         is 

a) 1                b) 3     c) 5             d) 7 

20. Variable is that ……which takes on different quantitative values 

a) quantity b) order     c) quality   d) values  

PART-B ( 3 X 2 = 6 Marks) 

ANSWER ALL THE QUESTIONS 

21. Define Differential equation with example. 

An equation which relates an independent variable, dependent variable and one or more of its 

derivatives with respect to independent variable is called a differential equation. 

 

22. Explain the order of the differential equation with example 

The order of a differential equation is defined as the order of the highest order derivative 

appearing in the differential equation. The order of a differential equation is a positive integer. 

23. Write the standard forms of the Second order differential 

 y″ + p(t) y′ = g(t) 
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PART-C ( 3X8 = 24 Marks) 

ANSWER ALL THE QUESTIONS 

24. a) Write the definition of general, particular, explicit, implicit and singular solutions of differential 

equations. 

 
b) Show that every function f defined by   ( )  (    )      where c is arbitrary equation is a solution 

of the differential equation 
  

  
    = 3          

Solution: 

Let   ( )  (    )       

Then find   ( ) 

Substitute this value in given equation 
  

  
    

Then we get 3        

Hence  ( )  (    )     is a solution of the differential equation 
  

  
    = 3          

25. a) Show that the function f defined by f(x)=                 satisfies the differential equation 
   

     
  

  
            and also the condition that f(0)=2 and    (0)=4 

 

Solution :  

Given f(x)=                 

Find   ( )       ( ) 

Substitute this values in 
   

   
  

  

  
    

Solving this equation we get  
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Hence f(x)=                 is a solution of  the differential equation 
   

   
  

  

  
    

        

b) Show that the function for all x by f(x)= 2 sin x +3cos x is an explicit solution of the  differential 

equation 
   

        for all real x. 

Solution : 

Given f(x)= 2 sin x +3cos x 

Find   ( ) 

Substitute this value in 
   

      

Then we get 
   

        

Hence given equation is a solution of 
   

        

26. a) Derive the necessary and sufficient condition for the equation           to be exact 
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b) Determine whether the given equation is exact. 

(     )   (     )     
Solution :  

Let M(x,y) =        and N(x,y) =      then find  

  

  
    

  

  
    

Hence 
  

  
 

  

  
 

Therefore the given equation is exact.  
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PART - A (20X1 = 20 Marks) 

ANSWER ALL THE QUESTIONS  

1. A non linear ordinary differential equation is an ordinary differential 

equation that is not….. ………… 

   a) differential   b) integral   c) linear d) non linear 

2. If  M(x,y)dx+N(x,y)dy is not an ……………. differential in D then 

the differential equation μ(x,y)M(x,y)dx+μ(x,y)N(x,y)dy=0 in D the 

μ(x,y)  is called integrating factor of  the differential equation 

   a) ordinary  b) partial  c) exact d) integrating  

3.An equation of the form F(x)G(y) dx+f(x)g(y) dy=0 is called an 

equation with variables separable or simply a……….equations. 

   a) differential b) integral c) separable  d)variable 

4. The standard form of first order differential equations differential 

form is…………. 

  a) M(x,y)dx+N(x,y)dy=0                 b) M(x,y)dx-N(x,y)dy=0 

  c) M(x,y)dx*N(x,y)dy=0  d) M(x,y)dx / N(x,y)dy=0 

5. The expression M(x,y)dx+N(x,y)dy=0  is called an exact differential 

equations in a domain D if there exists a function of two variable such 

that the expression equals the ………...for all (x,y)in D. 

   a) differential                 b) ordinary differential    

   c) partial differential  d) total differential 

6. In bernoulli equation when n=0 or 1 then the equation is called ….. 

    a)ordinary            b)partial c)linear d)separable 

 

7.The first order differential equation M(x,y)dx+N(x,y)dy=0 is said to 

be………………... if the derivativeof the form (dy/dx)=f(x,y) there 

exists a function g suchthat f(x,y) can be expressed in the form g(y/x). 

   a) homogeneous            b) non homogeneous   

   c) singular                  d) non singular 

8. An equation of the form   ……………….is called  a Bernoulli 

differential equation  

   a) (dy/dx)=P(x) y
n   

b) (dy/dx)+P(x)y/Q(x)=0 

   c) (dy/dx)+P(x)y=Q(x) y
n
  d) (dy/dx)+P(x)y=0 

9.The expression M(x,y)dx+N(x,y)dy=0  is called an ………….. 

differential equations in a domain D. 

  a)ordinary    b)partial       c) exact              d)separable 

10.In bernoulli equation when n=……….. then the equation is called  

linear equation.. 

  a)μ(x,y)M(x,y)dx+μ(x,y)N(x,y)dy=0  

  b)μ(x,y)M(x,y)dx - μ(x,y)N(x,y)dy=0 

  c)μ(x,y)M(x,y)dx*μ(x,y)N(x,y)dy=0  

  d)μ(x,y)M(x,y)dx / μ(x,y)N(x,y)dy=0 

11. Exponential decay model for ………..decay can be considered as a 

compartmental model 

   a) positive   b) negative     c) radioactive d) pollution 

12.There is no …… in mass of the body of material in the basic 

assumption in radioactive model 

   a) increase   b) decrease       c) change   d) value 

13. The initial value problem corresponding to exponential decay 

model is dN/dt=-KN,  N(0)=n0,where K=…… 

    a) K=0   b) K<0       c) K>0   d) K≥0 

14. In radioactive model assumption the amount of an element present 

is large enough so that we are justified in ignoring random …… 

    a) effects   b) fluctuations c) values  d) forces 

 

 



15. There is no increase in………….. of the body of material in the 

basic assumption in radioactive model 

   a) force     b) mass  c) velocity    d) distance 

16. Compartmental Model is a model in which there is a place called 

compartment which has….  

  a) amount of substance in and amount of substance out over time 

  b) amount of substance out and amount of substance in over time 

  c) amount of substance in over time 

  d) amount of substance out over time 

17. Exponential decay model for radioactive decay can be considered 

as a ………… 

   a) compartmental model  b) Exponential growth model 

   c) Exponential pollution model d) Epidemic model 

18. In radioactive model assumption the process is continuous in  

   a) time  b) current  c) finite   d) infinite 

19. Net Rate of change of a substance =……………………… 

  a) Rate in + Rate out   b) Rate in -  Rate out   

  c) Rate in * Rate out   d) Rate in /Rate out 

20. Equilibrium solution is the ………………. at which there is no 

change in population 

  a) constant  b)variable   c)point    d)solutions 

PART-B ( 3 X 2 = 6 Marks) 

ANSWER ALL THE QUESTIONS 

21. Write the general form of Bernoulli’s equation. 

22. Define Compartmental Model. 

23. Explain the balance Law. 

PART-C ( 3X8 = 24 Marks) 

ANSWER ALL THE QUESTIONS 

24. a) Determine whether the differential equation is homogeneous  

        or not  (                   . 

(OR) 

     b) Solve the differential equation  
  

  
      . 

25. a) Briefly explain about Compartmental model with example. 

(OR) 

       b) Let in a lake, the pollution level is 5%. If the fresh water at the  

        rate of 10000litres per day is allowed to enter and same amount of  

        water leaves the lake. Find the time when pollution level is 2.5%  

        if volume of lake is 500000litres. Further, if safety level is 0.1%,  

        then after  how much time, water is suitable for drinking. 

26. a) Explain about Exponential Decay model. 

(OR) 

      b) How long will it take for the lake’s pollution level to reach 5%  

      of its initial level, if only fresh water flows into the lake. Consider 

       two American Lakes where Lake Erie flows into the Lake Ontario. 

       Volume of   Lake Erie is 458×109 m
3
 and flow of water into the 

        lake is  480×106 m
3
/day.Volume of Lake Ontario is 1636×109 m

3
  

       and flow of water into the lake is 572×106 m
3
/day. How long will 

       it take for the lake’s pollution level to reach 5% of its initial level, 

        if only fresh  water flows into the lake.  
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Answer Key 

PART - A (20X1 = 20 Marks) 

ANSWER ALL THE QUESTIONS 

1. A non linear ordinary differential equation is an ordinary differential equation that is not….. ………… 

   a) differential    b) integral    c) linear  d) non linear 

2. If  M(x,y)dx+N(x,y)dy is not an ……………. differential in D then the differential equation 

μ(x,y)M(x,y)dx+μ(x,y)N(x,y)dy=0 in D the μ(x,y)  is called integrating factor of  the differential equation 

   a) ordinary   b) partial   c) exact  d) integrating  

3.An equation of the form F(x)G(y) dx+f(x)g(y) dy=0 is called an equation with variables separable or 

simply a……….equations. 

   a) differential  b) integral  c) separable   d)variable 

4. The standard form of first order differential equations differential form is…………. 

  a) M(x,y)dx+N(x,y)dy=0                 b) M(x,y)dx-N(x,y)dy=0 

  c) M(x,y)dx*N(x,y)dy=0  d) M(x,y)dx / N(x,y)dy=0 

5. The expression M(x,y)dx+N(x,y)dy=0  is called an exact differential equations in a domain D if there 

exists a function of two variable such that the expression equals the ………...for all (x,y)in D. 

   a) differential                 b) ordinary differential    

   c) partial differential  d) total differential 

6. In bernoulli equation when n=0 or 1 then the equation is called ….. 

    a)ordinary              b)partial  c)linear  d)separable 

7.The first order differential equation M(x,y)dx+N(x,y)dy=0 is said to be………………... if the 

derivativeof the form (dy/dx)=f(x,y) there exists a function g suchthat f(x,y) can be expressed in the form 

g(y/x). 

   a) homogeneous            b) non homogeneous   

   c) singular                  d) non singular 

8. An equation of the form   ……………….is called  a Bernoulli differential equation  

   a) (dy/dx)=P(x) y
n   

b) (dy/dx)+P(x)y/Q(x)=0 

   c) (dy/dx)+P(x)y=Q(x) y
n
  d) (dy/dx)+P(x)y=0 

9.The expression M(x,y)dx+N(x,y)dy=0  is called an ………….. differential equations in a domain D. 

  a)ordinary      b)partial        c) exact               d)separable 

10.In bernoulli equation when n=……….. then the equation is called  linear equation.. 

  a)μ(x,y)M(x,y)dx+μ(x,y)N(x,y)dy=0  
  b)μ(x,y)M(x,y)dx - μ(x,y)N(x,y)dy=0 

  c)μ(x,y)M(x,y)dx*μ(x,y)N(x,y)dy=0  

  d)μ(x,y)M(x,y)dx / μ(x,y)N(x,y)dy=0 

11. Exponential decay model for ………..decay can be considered as a compartmental model 

   a) positive     b) negative      c) radioactive  d) pollution 

12.There is no …… in mass of the body of material in the basic assumption in radioactive model 

   a) increase     b) decrease        c) change   d) value 

13. The initial value problem corresponding to exponential decay model is dN/dt=-KN,  N(0)=n0,where 

K=…… 

    a) K=0     b) K<0        c) K>0    d) K≥0 
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14. In radioactive model assumption the amount of an element present is large enough so that we are 

justified in ignoring random …… 

    a) effects     b) fluctuations  c) values   d) forces 

15. There is no increase in………….. of the body of material in the basic assumption in radioactive model 

   a) force       b) mass   c) velocity     d) distance 

16. Compartmental Model is a model in which there is a place called compartment which has….  

  a) amount of substance in and amount of substance out over time 

  b) amount of substance out and amount of substance in over time 

  c) amount of substance in over time 

  d) amount of substance out over time 

17. Exponential decay model for radioactive decay can be considered as a ………… 

   a) compartmental model   b) Exponential growth model 

   c) Exponential pollution model  d) Epidemic model 

18. In radioactive model assumption the process is continuous in  

   a) time    b) current   c) finite    d) infinite 

19. Net Rate of change of a substance =……………………… 

  a) Rate in + Rate out    b) Rate in -  Rate out   

  c) Rate in * Rate out    d) Rate in /Rate out 

20. Equilibrium solution is the ………………. at which there is no change in population 

  a) constant   b)variable     c)point     d)solutions 

 

PART-B ( 3 X 2 = 6 Marks) 

ANSWER ALL THE QUESTIONS 

21. Write the general form of Bernoulli’s equation. 

An equation of the form 

   

ny)x(y)x(P
dx

dy
f

     

is called a Bernoulli’s differential equation 

22. Define Compartmental Model. 

Compartmental Model is a model in which there is a place called compartment which has amount 

of substance in and amount of substance out over time. One example of compartmental model is the 

pollution into and out of a lake where lake is the compartment. 

23. Explain the balance Law. 
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PART-C ( 3X8 = 24 Marks) 

ANSWER ALL THE QUESTIONS 

24. a) Determine whether the differential equation is homogeneous  or not  (                   . 

Solution : 

Write the given equation in derivative form 

  

  
   

      

   
 

 
 

 
 (
 

 
)  

 

 
 (

 
 
 

) 

In which the right member is of the form  (
 

 
)for a certain function of  . 

Therefore the given equation is homogeneous 

b) Solve the differential equation  
  

  
      . 

Solution : 

The general form of bernouli’s equation is  

  

  
         

Comparing the given equation we get, 

  

  
         

It is of the form 
  

  
      

Therefore                                         

Solution of the linear equation  
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Atmosphere 

 

25. a) Briefly explain about Compartmental model with example. 

Compartmental Model: 

 

Definition: Compartmental Model is a model in which there is a place called compartment which has 

amount of substance in and amount of substance out over time. One example of compartmental model is 

the pollution into and out of a lake where lake is the compartment. Another example is the amount of 

carbon-di-oxide in the Earth’s atmosphere. The compartment is the atmosphere where the input of CO2 

occurs through many processes such as burning and output of CO2 occurs through plant respiration. It can 

be shown in the form of a diagram called compartmental diagram which is shown below. 

 

Input CO2 Output CO2 

 
Fig. 1: Input – output compartmental diagram for CO2 

Balance Law: 

 

 

 

 
 

 

 

 
 

b) Let in a lake, the pollution level is 5%. If the fresh water at the rate of 10000litres per day is allowed to 

enter and same amount of water leaves the lake. Find the time when pollution level is 2.5% if volume of 

lake is 500000litres. Further, if safety level is 0.1%, then after  how much time, water is suitable for 

drinking. 
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26. a) Explain about Exponential Decay model. 
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b) How long will it take for the lake’s pollution level to reach 5% of its initial level, if only fresh water 

flows into the lake. Consider two American Lakes where Lake Erie flows into the Lake Ontario.      

Volume of   Lake Erie is 458×109 m
3
 and flow of water into the lake is  480×106 m

3
/day.Volume of Lake 

Ontario is 1636×109 m
3
 and flow of water into the lake is 572×106 m

3
/day. How long will  it take for the 

lake’s pollution level to reach 5% of its initial level,if only fresh  water flows into the lake. 
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Differential Equations 
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PART - A (20X1 = 20 Marks) 

ANSWER ALL THE QUESTIONS  

1. Any particular solution of linear differential equation involving 

    ……… arbitrary constants is called particular integral of this 

   equation. 

    a) finite  b) infinite       c) no   d) one   

2. The solution………… is called the general solutions of linear 

    differential equations. 

    a) yc-yp  b) yc+yp    c) yc*yp  d) yc/yp 

3. The general solution of ……….. equation  is called the 

    complementary  function of equation. 

    a) non homogeneous  b) singular   

    c) homogeneous   d) non singular 

4. Rate of change of population=…………… 

    a) Rate of births+Rate of deaths              b) Rate of births-Rate of deaths 

    c) Rate of births*Rate of deaths              d) Rate of births/Rate of deaths 

5. The n  functions  f1,f2…fn are called linearly dependent  on a ≤ x ≤ b 

     if there exists a constants c1,c2…cn not ………….,such that    

     c1 f1(x)+c2 f2(x)+ ….+cn fn (x)=0 for  all x. 

     a) all zero  b) one zero  c) two zero d)  n zero  

6. The  functions  f1,f2… … ….fn are called linearly independent  on  

    a ≤ x ≤ b if the relation c1 f1(x)+c2 f2(x)+ … … … ….+cn fn (x)=0 

    for  all x implies that  c1=c2=……=cn=……… 

   a) 1   b) 0     c) 2   d) 3 

7. Let f1, f2,.. .. ..fn  be n real functions each of which has  an (n-1)st 

    derivative on ----------- interval  a ≤ x ≤ b 

    a) real   b) complex    c) finite  d) infinite  

8. Exponential decay model for radioactive decay can be considered as 

    a …………… 

    a) Compartmental model             b)Exponential growth model  

    c) Exponential pollution model d)Epidemic model 

9. Any linear combination of solutions of  the homogeneous  linear 

    differential equation is also a ………...of  homogeneous equation. 

    a) value  b) separable   c) solution         d) exact 

10. In general solution  yc+yp where yp is ……………..function 

     a) explicit   b) implicit    c) general      d) particular 

11. Time variable t does not ……….used in any differential equation 

     a) implicitly b) explicitly     c) finitely      d) infinitely 

12. In the absence of a …………..., the prey population can grows 

      exponentially 

     a) predator  b) susceptible       c)infective       d)Epidemic 

13. The phase-plane trajectories moving in a clockwise direction are  

      the ………… 

     a) solutions  b) equations      c) constant      d) vatiables 

14. A simple predator-prey model for ……………..using the evolution 

      of population of small insect pests. 

     a) herbivores   b) omnivores      

     c) carnivores                         d) both omnivores & herbivores 
15. An epidemic model for influenza is developed to describe the 

      spread of disease in population. It is divided into ……….. groups. 

      a) 0     b) 1       c) 2   d) 3 

16. The formulation differential equation for the Predator-prey  

      epidemic model the constant ʎ is called the ……. or infection rate 

      a)integral coefficient        b)differential coefficient   

      c)partial coefficient              d)transmission coefficient 

17. The latent period for the disease equal to ………… 

      a)zero              b)one        c)two              d)three 



18. …….. variable t does not explicitly used in any differential 

   equation. 

    a) constant   b) mass c) time  d) density 

19. The population liable to catch the disease is called 

      the……………… 

    a) susceptibles              b) unsusceptibles  

    c) fectious    d) infectious 

20.Rate of susceptible infected=……………… 

     a)λ S(t) +I(t)   b)λ -S(t) I(t)   

     c)λ S(t) I(t)               d)λ/ I(t) 

PART-B ( 3 X 2 = 6 Marks) 

ANSWER ALL THE QUESTIONS 

21. Write any two properities of  Wronskian of functions. 

22. Write the general form of Euler’s equation. 

23. Write the basic assumptions for predator-prey model 

PART-C ( 3X8 = 24 Marks) 

ANSWER ALL THE QUESTIONS 

24. a) Explain Exponential growth of population model 

(OR) 

      b) Find the general solution of  

      i)  
   

   
  

  

  
        ii) 

   

   
  

  

  
       

25. a) Determine the linear combinations of functions with 

      undetermined literal coefficients to use in  finding a particular  

      integral by the method of undetermined coefficients  

         
   

   
  

  

  
                .  

(OR) 

      b) Solve the initial value problems   
   

   
 
  

  
      , y(0) = 3,  

         y’(0) = 5. 

26. a) Find the equilibrium points of the differential equations 

         
  

  
          and  

  

  
           

(OR) 

b) Formulate differential equations for the predator and prey density  

     model. 
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III Internal Test – FEB’18 

Answer Key 

PART - A (20X1 = 20 Marks) 

ANSWER ALL THE QUESTIONS 

1. Any particular solution of linear differential equation involving ……… arbitrary constants is called 

particular integral of this equation. 

    a) finite   b) infinite        c) no    d) one   

2. The solution………… is called the general solutions of linear differential equations. 

    a) yc-yp   b) yc+yp     c) yc*yp  d) yc/yp 

3. The general solution of ……….. equation  is called the 

    complementary  function of equation. 

    a) non homogeneous b) singular             c) homogeneous d) non singular 

4. Rate of change of population=…………… 

    a) Rate of births+Rate of deaths              b) Rate of births-Rate of deaths 

    c) Rate of births*Rate of deaths              d) Rate of births/Rate of deaths 

5. The n  functions  f1,f2…fn are called linearly dependent  on a ≤ x ≤ b  if there exists a constants 

c1,c2…cn not ………….,such that c1 f1(x)+c2 f2(x)+ ….+cn fn (x)=0 for  all x. 

     a) all zero   b) one zero  c) two zero  d)  n zero  

6. The  functions  f1,f2… … ….fn are called linearly independent  on a ≤ x ≤ b if the relation c1 f1(x)+c2 

f2(x)+ … … … ….+cn fn (x)=0 for  all x implies that  c1=c2=……=cn=……… 

   a) 1    b) 0      c) 2   d) 3 

7. Let f1, f2,.. .. ..fn  be n real functions each of which has  an (n-1)st derivative on ----------- interval   

     a ≤ x ≤ b 

    a) real    b) complex    c) finite   d) infinite  

8. Exponential decay model for radioactive decay can be considered as a …………… 

    a) Compartmental model              b)Exponential growth model  

    c) Exponential pollution model  d)Epidemic model 

9. Any linear combination of solutions of  the homogeneous  linear differential equation is also a 

………...of  homogeneous equation. 

    a) value   b) separable    c) solution          d) exact 

10. In general solution  yc+yp where yp is ……………..function 

     a) explicit    b) implicit     c) general       d) particular 

11. Time variable t does not ……….used in any differential equation 

     a) implicitly  b) explicitly      c) finitely       d) infinitely 

12. In the absence of a …………..., the prey population can grows  exponentially 

     a) predator  b) susceptible        c)infective        d)Epidemic 

13. The phase-plane trajectories moving in a clockwise direction are the ………… 

     a) solutions  b) equations       c) constant       d) vatiables 

14. A simple predator-prey model for ……………..using the evolution of population of small insect pests. 

     a) herbivores  b) omnivores            c) carnivores            d) both omnivores & herbivores 
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15. An epidemic model for influenza is developed to describe the spread of disease in population. It is 

divided into ……….. groups. 

      a) 0      b) 1        c) 2   d) 3 

16. The formulation differential equation for the Predator-prey epidemic model the constant ʎ is called the 

……. or infection rate 

      a)integral coefficient         b)differential coefficient   

      c)partial coefficient               d)transmission coefficient 

17. The latent period for the disease equal to ………… 

      a)zero               b)one         c)two              d)three 

18. …….. variable t does not explicitly used in any differential  equation. 

    a) constant    b) mass  c) time   d) density 

19. The population liable to catch the disease is called  the……………… 

    a) susceptibles              b) unsusceptibles c) fectious  d) infectious 

20.Rate of susceptible infected=……………… 

     a)λ S(t) +I(t)  b)λ -S(t) I(t)  c)λ S(t) I(t)  d)λ/ I(t) 

 

PART-B ( 3 X 2 = 6 Marks) 

ANSWER ALL THE QUESTIONS 

21. Write any two properities of  Wronskian of functions. 

If the Wronskian of the functions f(x) and g(x) is zero then the function f(x) and g(x) are called linearly 

dependent functions. 

If the Wronskian of the functions f(x) and g(x) is non-zero then the function f(x) and g(x) are called 

linearly independent functions. 

22. Write the general form of Euler’s equation. 

 

 
23. Write the basic assumptions for predator-prey model 

 To ignore the random differences between individuals, we assume the populations of 

susceptibles and infectious infectives are large. 

 We assume that the disease is spread by contact only and ignore the births and deaths in 

this model. 

 We set the latent period for the disease equal to zero. 

 We assume all those who recover from the disease are then safe (at least within the time 

period considered). 
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PART-C ( 3X8 = 24 Marks) 

ANSWER ALL THE QUESTIONS 

24. a) Explain Exponential growth of population model 
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      b) Find the general solution of  

      i)  
   

   
  

  

  
        ii) 

   

   
  

  

  
       

Solution : 

i) The A.E is            

Then the roots are         

The general solution is      [               ]  

ii) The A.E is           

then the roots are        

The general solution is       
      

   

25. a) Determine the linear combinations of functions with undetermined literal coefficients to use in  

finding a particular integral by the method of undetermined coefficients  

         
   

     
  

  
                 

Solution : 

The A.E is           

Then the roots are        

The general solution is      
      

   

    
 

 
(   

   

 
 

   

 
 

 

 
) 

    
 

 
(  

 

 
) 

    
    

  
 

Therefore the general solution is 

       
      

   
 

 
(   

   

 
 

   

 
 

 

 
)  

 

 
(  

 

 
)   

    

  
 

      b) Solve the initial value problems   
   

    
  

  
      , y(0) = 3, y’(0) = 5. 

Solution : 

The A.E is           

then the roots are        

The general solution is       
      

    

            
          

Using the given initial condition y(0) = 3, y’(0) = 5, we get  

        

          

Solving the above equation we get  
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Then the unique solution is             

 

26. a) Find the equilibrium points of the differential equations 

         
  

  
          and  

  

  
           

 

 

 
 

b) Formulate differential equations for the predator and prey density model. 
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B.Sc. Degree Examination – APR’18 

Answer Key  

PART – A (1 x 20 =20) 

Question Nos. 1 to 20 Online Examination  

PART – B (5 x 2 = 10) 

Answer all the Questions  

21. Given equation is 
𝑑3𝑦

𝑑𝑥3 +  4
𝑑2𝑦

𝑑𝑥2 −  5
𝑑𝑦

𝑑𝑥
+  3𝑦 = 𝑠𝑖𝑛𝑥 

Therefore Order = 3 and Degree = 1. 

22. Exact Differential equation  

 The differential equation  𝑃(𝑥, 𝑦)𝑑𝑥 + 𝑄(𝑥, 𝑦)𝑑𝑦 = 0 is said to be exact if 
𝜕𝑃

𝜕𝑦
=

𝜕𝑄

𝜕𝑥
 

23.  OUT OF SYLLABUS  

24. let 𝑦1 = 𝑠𝑖𝑛𝑥,             𝑦2 = 𝑐𝑜𝑠𝑥 

 𝑦1
′ = 𝑐𝑜𝑠𝑥,           𝑦2

′ = −𝑠𝑖𝑛𝑥 

 𝑊(𝑦1, 𝑦2) =  |
𝑠𝑖𝑛𝑥 𝑐𝑜𝑠𝑥
𝑐𝑜𝑠𝑥 −𝑠𝑖𝑛𝑥

| =  − sin2 𝑥 − cos2 𝑥 =  −1 ≠ 0 

Hence the given solutions are linearly independent. 

25. OUT OF SYLLABUS 

PART – C (5 x 6 = 30) 

Answer all the Questions  

26. a) Given  𝑥2 +  𝑦2 = 25                         ----(1) 

Let us differentiate the relation implicitly w.r.to x 

 2𝑥 + 2𝑦
𝑑𝑦

𝑑𝑥
= 0 

 →
𝑑𝑦

𝑑𝑥
=  −

𝑥

𝑦
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Substitute this values in  𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
= 0, we get  

𝑥 + 𝑦 (−
𝑥

𝑦
) = 0 

𝑥 − 𝑥 = 0  

Thus the relation   𝑥2 +  𝑦2 = 25formally satisfies the differential equation 𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
= 0 

Therefore the given solution is a implicit solution of 𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
= 0. 

 

b)  Given    
𝑑𝑦

𝑑𝑥
=  −

𝑥

𝑦
 

using separable equation, 

𝑦𝑑𝑦 =  −𝑥𝑑𝑥 

Integrating on both side, we get 

∫ 𝑦𝑑𝑦 =  − ∫ 𝑥𝑑𝑥 

𝑦2

2
= −

𝑥2

2
+ 𝑐 

𝑦 =  −𝑥 + 𝑐  

Which is the general solution  

 By Using the given initial condition 𝑦(3) = 4 

→ 4 =  −3 + 𝑐 

𝑐 = 7 

Hence 𝑦 =  −𝑥 + 7 

27. a)  QUESTION WRONG  
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b) Given  (3𝑦 + 4𝑥𝑦3)𝑑𝑥 + (2𝑥 + 3𝑥2𝑦)𝑑𝑦 = 0 

given differential equation of the form   𝑃(𝑥, 𝑦)𝑑𝑥 + 𝑄(𝑥, 𝑦)𝑑𝑦 = 0 

then 𝑃(𝑥, 𝑦) =  (3𝑦 + 4𝑥𝑦3)            𝑄(𝑥, 𝑦) =  (2𝑥 + 3𝑥2𝑦) 

                
𝜕𝑃

𝜕𝑦
= 3 + 8𝑥𝑦        

𝜕𝑄

𝜕𝑥
= 2 + 6𝑥𝑦  

Since 
𝜕𝑃

𝜕𝑦
≠

𝜕𝑄

𝜕𝑥
 

Therefore it is not exact  

Solving the given equation  

The we get integrating factor µ(𝑥, 𝑦) = 𝑥2𝑦 

 

28.a) Given  

    The population x of a city  

     By the logistic law 
𝑑𝑥

𝑑𝑡
=

1

100
𝑥 −

1

(10)8 𝑥2 

    The population of the city is 100,000 in 1980. 

Hence the solution of the form  

𝑥 =
106

1 + 9 𝑒19.8−
𝑡

100

 

1. what is the population in 2000 

That is t = 2000 

    Then substitute this t value in the solution we get  

𝑥 =
106

1 + 9 𝑒19.8−
2000

100

 

𝑥 ≈ 119,495 
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2. In what year does the 1980 population double. 

 Put 𝑥 = 2(10)5 

Substitute this x value in the solution we get  

2(10)5 =
106

1 + 9 𝑒19.8−
𝑡

100

 

𝑡 ≈ 2061 

b) Using the compartment model  

the differential equation becomes  

𝑑𝑥

𝑑𝑡
= 10 −

3𝑥

50 + 2𝑡
, 𝑥(0) = 10 

By using the separable method  

We find the integrating factor  

 𝑥 = 4(𝑡 + 25) +
𝑐

(2𝑡 + 50)
3

2

 

Using the initial condition 𝑥(0) = 10 

We get  𝑐 = −22500√2 

Therefore the general solution is  

 𝑥 = 4(𝑡 + 25) +
−22500√2

(2𝑡 + 50)
3

2

 

29. a)                                                   let 𝑦 = 𝑥𝑣 

Then 
𝑑𝑦

𝑑𝑥
= 𝑥

𝑑𝑣

𝑑𝑥
+ 𝑣 and 

𝑑2𝑦

𝑑𝑥2 =  𝑥
𝑑2𝑣

𝑑𝑥2 +  2
𝑑𝑣

𝑑𝑥
 

Substitute these values in the given equation, we get  

𝑥(𝑥2 + 1)
𝑑2𝑣

𝑑𝑥2
+  2

𝑑𝑣

𝑑𝑥
= 0 
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Let 𝑤 =
𝑑𝑣

𝑑𝑥
 then we get  

𝑥(𝑥2 + 1)𝑑𝑤

𝑑𝑥
+  2𝑤 = 0 

 By using separable method, we get  

𝑤 =
𝑐(𝑥2 + 1)

𝑥2
 

Put 𝑐 = 1, then using 
𝑑𝑣

𝑑𝑥
= 𝑤 

𝑣(𝑥) =  𝑥 −
1

𝑥
 

Since 𝑔 = 𝑓𝑣 

𝑔(𝑥) =  𝑥 (𝑥 −
1

𝑥
) = 𝑥2 − 1 

Therefore the general solution is  𝑦 = 𝑐1𝑥 + 𝑐2(𝑥2 − 1). 

b) Given 
𝑑4𝑦

𝑑𝑥4 −  5
𝑑3𝑦

𝑑𝑥3 + 6
𝑑𝑦2

𝑑𝑥
+ 4

𝑑𝑦

𝑑𝑥
− 8𝑦 = 0 

the A.E is 𝑚4 − 5𝑚3 + 6𝑚2 + 4𝑚 − 8 = 0 

solving the above equation we get 

the roots are  2,2,2, −1 

hence the general solution is 𝑦 = (𝑐1 + 𝑐2𝑥 + 𝑐3𝑥2) 𝑒2𝑥 +  𝑐4 𝑒−𝑥  

 

30. a) OUT OF SYLLABUS 

      b) OUT OF SYLLABUS 
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