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Week 1. Introduction



First-Order Differential Equation

« Separable Equations
« Exact Equations
* Integrating Factors

« Bernoulli Equations.



Separable Equations

* Type 1) f(x)dx+g()dy=0 = [f(x)dx+ [g(y)dy=C
General Solution: F(x) + G(y) =C

* Type 2) % = f)gy) = [fx)dx = f% = General Solution: F(x) = f%+ C

* Type 3)%=h(2€—/) =>Denoteu=§, then%=3—l;x+u=> %x=h(u)—u

du dx . du
o x General Solution: Inx + C = fh(u)_u




Separable Equations

» Example) Exponential Growth DE

ay

—=k-y =y =y, e, where y(0) = y,

« Example) Logistic Growth

dy y C-k-ekt
— = k . 1 —-=) = t) =
dt Y ( M) y( ) 1+ C - ekt
Given y(0) = y,, we can prove € = —°— and general solution y(t) = YorM-e
y = Yo P _ M-y, g y - (M=yo)+y,-ekt




Separable Equations

» Example) Logistic Growth DE

dy y Yo' M-ekt
—=k-y-(1—-=)=y() =
y(t): Population at time t, ¥o: Initial Population

M: Carrying capacity,  k: Growth rate

« Example) A population of rabbits in a meadow is observed to be 200 rabbits at time t=0.
After a month, the rabbit population is observed to have increased by 4. Using an initial
population of 200 and a growth rate of 0.04, predict the population with a carrying

capacity of 750 rabbits.



Exact Differential Equation

/ﬁefinition

If a continuous DE F(x,y) exist, such that

OF oF
I(x,y)dx+](x,y)dy =0 = i I(x,y),a = J(x,y),

0l(xy) _ 0](xy)
oy ox

the differential equation is exact if and only if

\ Iy(x;y) =]x(xr)7)




