Tribhuvan University
Institute of Science and Technology

Course TitleDifferential Equations Full Marks: 100
Course No. : Math 401 Pass Mark: 35
Level : B.Sc. Year: IV

Nature ofthe Course: Theory Periods per week: 9

Course Objectives: The objective of this course is to acquaint students with the bastemis of
differential equation like first order linear and nonlinear differential equations, second order
differential equations and higher order linear equations as well as partial differential egu#tion
their wide range of applications in differefields. It aims at enabling students to build good
knowledgebase in the subject of ordinary differential equations and partial differential eguation

Detailed Course

Units 1, 2, 3,4,5, 9 and 10 will be taught from Boyce aBdprimaand units 6, 7 and 8 will be taught
from lan Sneddon

Unit 1: Introduction: 10 Lectures

1.1 Some mathematical models and direction fields: Modelingllifideobjects, directiorield, Idea
of constructing mathematical models
Problems: 1,5, 7, 8, 9, 10, 11, 14;2® 23, 24
1.2 Solutions of differential equations
Problems: 1a, 2a, 3, 8, 9, 12
1.3 Classification of differential equations,
Problems: 2, 4, 6, 7, 8, 12, 13, 14, 15, 16, 20, 21, 24, 25

Unit 2: First Order Linear and Nonlinear Differential Equations 15 Lectures

2.1 Integrating factors

Problems: 1c, 2c, 68¢, 15, 17, 19, 20, 31, 32

2.2 separable equations

Problems1,4,5, 7, 8, 11, 16, 17, 193, 26

2.3 Modeling with first order equations

Problems: 12,3,4, 7, 12, 16, 19

2.4 Difference between Linear and Nonlinear differential equations
Theorem 2.4.1(without proof), Theorem 2.4.2 (without proof)
Problems: 23,4,6,7,8, 10, 13, 16, 27, 30

2.5 Autonomous equations and Population Dyren{5tability Theory)
Problems1,2,3,5,9,10,15,18,22

2.6 Exact equations and Integrating Factors

Theorems 2.6.Ktatement Only

Problems1, 2,4,6,10,13,16,27,30

2.7 Numerical Approximations: Eulers method
Problems1,2,4,5,11a,21

2.9Firstorder difference equations

Problems1, 3,4,6,8



Unit 3: Second Order Linear Equations: 15 Lectures
3.1 Homogeneous Equations with constant coefficients.

Problems3, 6,7,10,11,12,15,17,20

3.2 Solutionof linearhomogeneous equatiortee Wronskian

Theorem 3.2.1(statement onlyJTheorem 3.2(statement only) Theorem 3.2.3(statement only)
Theorem 3.2.4(statement onlf)heorem 3.2.5(statement only)heorem 3.2.6(statement and proof)
Problems : 2,3,4,5,7,8,13,14,22,38,39

3.3 Complex roots ahe characteristic equations.

Problems : 1,5,8,11,14,17,19,21,35,36,37

3.4repeated roots, reduction of order

Problems: 3,4,5,9,12,13,16,23,25,41,42,43

3.5 Norrhomogeneous Equations; Method of undetermined coefficients

I"# $9%#&'()*)H With proof )

Theorem 3.5.2( With proof )

Problems :16,13,15,17,29

3.6 Variation of Parameters
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Unit 4: Higher Order Linear Equations: 15 Lectures

4.1. General Theory of" order Linear Equations

Theorem 4.1.1(no progffheorem 4.1.2(no progffheorem 4.1.3(no proof)
Problems: 24,5,7,8,11,13,15

4.2 Homogeneous equations with constant coefficients
Problemsi,4,11,13,14,16,18,32,35

4.3 Method of undetermined coefficients

Problems:2, 3, 7,10

4.4 Method of \ariation of Parameters

Problems?2,3,4,13

Unit S: System of First Order Linear Equations: 15 Lectures

7.1 Introduction

Theorem 7.1.1(No Progffheorem 7.1.2No Proof)

Problemsl, 3, 5,7,10,11

7.2. Review of Matrices

No question in exam

7.3 System of Linear algebraic edioms: Linear independence, Erlg@lues Eigenvectors
Problems: 1,4,5,8,10,13,14,18,23,32

7.4Basic Theory of first order linear equations

Theorem 7.4.1(No Proqgf)Theorem 7.4.2(No Proof), Theorem 7.4.3(No Pro®f)eorem 7.4.4(No
Proof)

Problems: 35 ,6,7



Unit 6: Ordinary Differential Equations in More than Two Variables: 15 Lectures

1.1 Surface and curves in three dimensions

Problems:1,2

1.2 Simultaneous Differential Equations of the first order and the first degree in three varables;
Methods of solution of dp=dy/q= dz/r

Problems :1,2,3

1.40rthogonal trajedries of a system of curves on a surface

Problems :1,2,3,5

1.5 Pfaffian Differential forms and Equations

Theorem2 (No Proof ) Theorem 3 (With Proof,)Theorem 4 (No Proof, )Theorem 5 (No Proof,)
Theorem 6 (With Proof

Problems: 1,2,3,4

Unit 7: Partial Differential Equations of the First Order: 20 Lectures

2.1 Partial Differential equations

2.2 Origen of first order partial differential equations
la,1b,2a,2b,2c,2e

2.3 Cauch@ problem for first order equations
Theorem 1(No Proof)

2.4 Linear equations of the first order

Theorem 2 (With Proof)Theorem 3 (No Proof)
Problems : 1,2,3,4,5

2.5Integral surfaces passing through a given curve
Problems :2,3,4,5

2.6 Surfaces orthogonal to a given system of surfaces
Problems1,2

2.10 Charpi® Methods

Problems :1,2,3,6,7

2.11Special types of first order equations

Problems :1,2,3,4,6

Unit 8: Partial Differential Equations of the Second Order: 15 Lectures

3.1 The origin of second order equations

Problemsy, 2, 3,4

3.4Linear PDE with constant coefficients

Theorem 1(With Proof)Theorem2 (With Proof)
Problems2a,2b, 2c, 3

3.5 Equations with variable coefficients

Problems: 2,4,5

3.11 Nonlinear equations of the second order (MongeOs method)
Problems: 1, 3, 4,5

Unit 9: Partial Differential Equations and Fourier Series : 15 Lectures
10.1 Two point boundary value Problems

Problems1,2,4,5,10,11,14,15,18

10.2 Fourier series

Problems: 14,6,9,14,16,17,18

10.3 The Fourier Convergemd heorem

Theoren10.3.1(No Prooj



Problems : 13,6,13,17
10.4 Even and odd functions
Problems: 24,5, 8, 11,15,16,17,24,31, 33

Unit 10: Separation of Variables: 15 Lectures

10.5 Sparation of variables; Heat conductioraiRod
Problems 12,4,6,7,9,11, 12

10.6 Other heat conduction Problems

Problems : 12,4,5,6, 8

10.7 The wave equation: Vibration of an Elastic string
Problems :2a, 3a, 5a,12

10.8 LaplaceOs equations

Problems 2, 6a,6b, 1(a

Note: We also suggest to lo@lk all the solved examples of the related topics of the textbooks.
Text/ Reference Books:

+) DS$E<#8'F)'=.?'G>2%>&=Bdm)Entary Differential Equations and BoundaryValue Problems8'
:@"J?)8'F>A#E'K.2>=)

7) K=.'L#?7?%$.l Elements of Partial Differential Equations8';<M%=N'0>44'K.@#%.=@>%$.=4'J?>@>$.

() P=&#5'Q)'H$3>.5%\H Introduction to Ordinary Differential Equations8'Q=&3%>?R#'S.>A#%5>@E'
2%#55)

Guidelines to the question setters

There wil be 10 question®f 10 markseach. All the questions are compulsory. There will theee OR
choicesin any question numbdrom the same unitlt is also suggested to put at least one modelli
problem(application) in one of the questiodthe examination period of Math 401 will Béhours.

On the basis of the guidelinegentioned, we enclose oset of model questiolor Differential Equations
(Math 401)



MODEL QUESTION
Tribhuvan University

Bachelor Level / IV year/ Sc. & Tech. Full Marks: 100
Differential Equations (Math 401) Pass marks: 35
Time: 3 hrs

Attempt ALL the questiongEach question carries 10 matks.

+) 'Q$.5>2#%' @"#'545/#'0>#4?'5"$N.'3#4$N) a
=) -('/$>.@51'F"><"$0'@"# 0$44$N>.R'2>00#%#. @>=4"#T EEEEEEEE
E&>R"@"=A#1%$?U<#?'@">5'54$/# 0>#42V' NN NN NN NN
>) Ih=(y! 1)Ly — gl ' [ESV VNN,
>>) LD (y )yl el S PR A A A A A B
>>>) yl= (111 2)16 — ypmmmmmmmmmmmmmmm—mmm ' VA R A e A
SA) ML (D) e TN NN N
PUS@>0E'E$U%'=.5N#%) VbV %y \
3) -(/$>.@51'LWH@<"=@'4#=5@'(/$55>34#'5$4U@>$.5'

2>004#%#. @' A=AULE)$O'! (8'S.H#'> H=<"%H#R>$.)"
ik

Vo
B T .
S S
!
-

A
A . Th, o,
Vol

<) -XU$>. @FIH@HYE> # @"# A=AU# $0'%'0$%'N"><" @"# R>A#. 2>004%#. @>=4#TU=@>$
$0'@"#0$%& 1 T'0$%! )

LU//$5#'="3%>.#'<$.@=>.>.R"Y)7'WR'$0'5=4@'/#%'4>@#%'YoIB>=@EOSFATN>@"*YYZ'$0

N=@#%'<$.@=>.>.R*'WR'$0'5=4@)""#'3%> .#'#. @#%5'@"# @=W'=@'='%=@# $0*Z[&>.)"#

U.>0$%&'3E'5@>%%>.R8'>5'04$N> R'$U@'=@' @"#'%=@#'$0*Z[&>.)'C>.?'@"#'<$.<#.@ %=

@"#@=W'=0@#%'+Y'&>.U@#5)

=) -+1$>@F%>@# @"#'=/1%%$/%>=@# A=%>=34#5'NF¥@" @"#>%'U.>@5

3) -('/$>.@51'Q$.5@%NU<@'='&=@"#&=@><=4'&$?#4'$0'@">5'043N'/%$<#558'@"=@"'>58'C
#TU=@>$.'@"=@'?#5<%>H$@555'/

<) -'$>.@51'C>?2@"#<$.<#£.@%=@>3$.'$0'@"#'5=4@">.' @"#' @@ @#%'+Y'&



=)

OR

(J+LLSAAH @ #'> >@>=4'A=4U# [%$344&

mpnrmr et 4tgm (1) =18

=. 2?8 @#%E> # @"#'>. @H#%A=4">'N"><"@"#5$4U@>$. #\>5@5)

3)

-+]+]7]71' C$%' @"#'2>004%#. @>=4'#TU=@>$.’
Dy - -218

S5WH@<" @"#' R%EMNMPOAHWNE! 8'?2#@#%E> #' @"#'<%>@><=4"-#TU>4>3%>U&1'/$>.@5'=.?'<4=¢

$.#'=5'=5E&/@$@><=44E'5@=34#8'5#&>5@=34#'$%'U.5@=34#'G%=N'@"#'["=5#"4> #'=.?'5WH#

R%=/"5'$0'5$4U @>$.5"ty@+#)

0

X)

")

3)

S)THHL #%S0E@'E@'=.?'! = |T'=%#534U@>$.5'$0'@"#?>004#%+#. @py A 4TU=@>$.

Q1 = 1081 |)IEISSN@"=@'! | | 1755 $@'=534U@>8.) IV4=> N"E@">5"7$#5' $@'
<$.@%=7><@ @"#H\>5@#.<#'=.7'U.>TU#H#55 @"#$UH& $%' @"#/%>.<>/4# $0'5U/4%/$5>@
3)-7]+1C>. 2@ #F%$.5WEE@ #0U.<@PEE!"# ' £'=.2'1 | | | I'# 21)'Q=."@"#5# @NS'
0U.<@>$.5'03968).7=8&#.@=4'5#@'$0'SS40HTHES.?' $% 2496 2>00#%#. @>=4'#TU=@>$.5V

<)-(/1$>.@51'F>@"$U@'5$4A>.R'@"#'/%$34#&8 ?#@# %N &> #'=.">. @#%A=4">'N"><"@"#'5$4
R>A#.">.>@=AU#'1%$34#&'>5'<#%@=>"@$#\>5@)

L'l ITtantly ! sin! ! 1y(m) 11

OR
-B]71"'5/%>.R'’>5'5@%#@<"#?'+Y'<&'3E'="0$%<#'$0'7'a#N@9%$.5)" '&=55'$0"7"WR'>5"U.R'0%$
5/%>.R'=.?'>5'=45$'=@ @=<"#?'@$'='A>5<$U5'?=&/#%' @"=@ '#\#% @5'-NI$LL@*H0' X a#tN @$
AHAS<>@E'>5'+'&[5#<)'I"#'&$@>$.'$0' @"#'&=55">5"?%>A#.'3E'=. " H\@#%.=4'0$%<#'$0'X'<$5'
KO'@"#'&=55>5">>@>=44E'=@'%#5@'=@'#TU>4>3%>U&8'0>.?">@5'/$5>@>$.'=@'=.E'@>
@%=.5>#.@'=.?'5@E20# /=% @5'$0'@"#5$4U@>$.)

+YI$>. @FB5H @"H# &H@"$?'$0' A=%>=@>$.'$0'=%=8H@H#%5 @S 2H@H%E&> # @"# R#.#%=4
@"#'R>AH.'2>004%#. @>=4"#TU=@>$.

PU oty 20 4ty

Q$.5>2HYHBES QHE!

7IX1'1%=.50$%& @"#SE5@#&'>. @$'='5#<$ PSUDHI'BSYL $4A# @"#HTU=@>$, 6$Y0
@"#." H@HY&PHA5S)
XI$>.@E>.?'@"#5$4U@>$.'$0'@"# R>A#. SE5@#8' @"=@'=45$'5=@>50>#5'@"#'>.>@>=4
1,(0)! 1'=2'%,(0) =)



) -TIBL'GH0> #20=00>=.'"2>004%#.@>=4'0$%82>000¥30@>=4#TU=@>$.">.". /CHF=34#5)
@"#>.@#R%=4'<U%NA#5'S0 @ "##TU=I@F-5"" )

9) -(]91'GH#E<%>3#Q"=%/>@b5'&#@"$?'$0'E$4A> R @"#/=%@>=4"7>00¢%#%,@ 34 HTU=@>$
= 2US#>@ @$0>.7'='<$/44@#'> QURIIAED@ x| 12! =)

B) +Y'$>.@BB'! f(x2! 1)1 glx' | yl8N"H#%H# @"#O0U.<@H§5%#=%3>@%=%ES I%SA# @"

Jgh 1

0x2  xox ' ot
) -B]71'55U&#'@":@'@"#'0U.{@}'$#O>.#?'3E'
rrmer e
L { ! x! <!
S/#%>$?><:44E'#\@$U@5>@}f#'$%>R>.:4'>.@#%A:4)'C>.?'@"#'C$U%>#%'5#%>#5'O$%'(
0U.<@>$.) 45$'<"#<W'N"#@"H% @"# PUK@FE'| '>5'#AH.8'527'$%" #>@"H%)
OR
-,]Xl'C>.?'@"#'5$4U@>$.'$0'@"#'>.>@>:4'A:Mh@/0@3ﬂ%>$?><'0$%<>.R'@#%&'
I I N I I e A 1111 ()t i ! (Hyrtr
F"#%#'.'>5':'/$5>@>A#'>.@#R#!Oﬂi':!?'!'F":@"'://#.5'>O&)! Lty
+Y)—+Y'/$>.@5]?'.?'@"#'5$4U@>$.'$O'@"#'"#:@'<$.?U<@>$.'/%$34#&
e TR A LT O R A T
Py bornnmmme ey rormmne oy

ORI - Y S B = O S 1111111 o A B A R

4| 2 &III



