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Assessment

e Mid semester exam : 50%

 Final exam: 50%
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What is differential equations?

Equation: Equations describe the relations between

the dependent and independent variables.
| An equal sign "'="" Is required in every equation.

A differential equation is an equation that defines a
| relationship between a function and one or more

derivatives of that function.
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A differential equation is an algebraic relation
between variables that includes the rates of change
of the variables as well as their instantaneous values|

y = f(x) a given function

dy / dx its derivative
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value

f(2)=22=4

f(7) 572 = 49
2

the function

f(x) = x?




Example

If population growth rate of a species of animals Is
proportional to the number of animals at the
moment. Then growth rate can be modelled by the
following differential equation:

t is the independent variable (time)
y is the dependent variable (number of animals)
K is the parameter

d
o Ky(t) is a differential equation as it contains the function

dy

y(t) and its derivative —

dt

dt




Lety be some function of the independent variable t.
Then following are some differential equations relating y to
one or more of its derivatives.

%
The equation &ﬂf} = rz y(t)

states that the%‘irst derivative of the function y equals the
product of and the functiony itself.




Applications of differential equations

Differential equations play an extremely important
and useful role in applied math, engineering, and
physics, and much mathematical and numerical
machinery has been developed for the solution of
differential equations.




Freely Falling Objects

F =ma
y
F\TI F:mc_v

at

Falling stone dt2







Water level A

Outflowing water
h' =-k\Nh
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Falling stone

Parachutist
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Water level A

Outflowing water

y” =g = const. mv’ =mg — ov? h =—kNh
(Sec. 1.1) (Sec. 1.2) (Sec. 1.3)
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Displacement y

Beats of a vibrating

Current I in an
RLC circuit

EL" = f(x)
(Sec. 3.3)

Lo”+gsin6=0
(Sec. 4.5)

Vibrating mass system
on a spring LRI s LI m
my” +ky=0 y”+w§y=cos ot, o;=o0 * teot=
(Secs. 2.4, 2.8) (Sec. 2.8) (Sec. 2.9)
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y Lotka-Volterra
_~
predator—prey model
Deformation of a beam Pendulum yi=ay, —byy,

yi=ky,y,— ly,
(Sec. 4.5)
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Types of differential equations

Odinary Differential Equations

An Ordinary Differential Equation is a differential
equation that depends on only one independent variable.

For example

Yy

dt Is an Odinary Differential Equation because y
(the dependent variable) depends only on t(the independent
variable)




Partial Differential Equations

A Partial Differential Equation is differential equation in
which the dependent variable depends on two or more
Independent variables.

For example w=f (X, Y, Z,t)
o’'w  o°w  O°w | |
PWE i oy’ + T =0  Laplace'sequation
2 2 2
a2(6 s ‘ W+6—W _ow the heat equation

,,0°W  0°W O°W, O°W
a( + + 2):atz

the wave equation

ox*  oy* oz




Order of a Differential Equation

The order of a differential is the order of the highest
derivative entering the equation.
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For example

dx ke

The equation dt Is called a second-order
differential equation because it involves second derivatives.




Degree of a Differential Equation

Degree: The degree of a differential equation is the
power of the highest derivative term.
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du 2

() Order = 2 degree = 3

(i) a[j_gi 0 2

(i) Order =1 degree = 2

dy cy
|:|||:| W= }{E-I_C\/i-l_[d}iJ

(i) Order =1 degree = 2




Linear Differential Equation

A first-order differential equation is linear if it can
be written in the form

dy =a(x)y+b(x)
dx
where a(x) and b(x) are arbitary functions of x.

For example
dy

2
ax Y +C0S(X) js a first-order linear differential equation

d? y+3dy
dx*  dx

+X°y=5




A linear differential equation of order n is a differential
equation written in the following form:
dny dn—ly dy

+a_ (X +..+a,(X)—+a,(x)y= f(x
A () e a0+ () = F(X)

where is not the zero function.

a,(x)

Linear: A differential equation is called linear if
there are no multiplications among dependent
variables and their derivatives. In other words, all
coefficients are functions of independent variables.




Nonlinear Differential Equation

It is a differential equation whose right hand side is not a
linear function of the dependent variable.

For example
L = 3{1 - EJF
A

ek

d’y

Xy (dy>

dx’
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Momentum Equations in Spherical Coordinates
f=1f(x,y,zt)

du _ uvian ¢ L —£@+ 2Qvsin ¢ — 2QQwcos ¢ +HiF

dt a a 0 OX

dv uztan¢+vw_ 1 op

. -——-2Qusing+F,
dt a a p 0y
2 2
dw u” +v :_1@+2Qucos¢—g +F,
dt a p oz

Because they are nonlinear (that is, they are quadratic
in the dependent variables) they are difficult to handle
in theoretical analyses.




