Applied Mathematics and Physics in Programming ID00CS50-3004

Mathematics, teacher: Juha-Matti Huusko, juha-matti.huusko@oamk.fi
Answer to all six questions. In the end, there are some formulas.

1. Give an example of each type.

a) Differential equation with order 3.

b

)
)

(c) Differential equation which is linear and homogeneous.
)

(
(

Differential equation which is separable and non-linear.

(d) Differential equation which is and non-homogeneous.

2. Show that the functions y are solutions to the corresponding differential equations.

(a) Show that y = is not a particular solution for ' = 2(1 — z)y?.

1
(1—a)?

—2z
2:5'

(b) Show that y = <

is a particular solution for ' + 5y = e~

3. The general solution of y = 422 is y = 32% 4+ C, where C is any constant. Which particular
solution passes through the point (—3, —40)7



4. The solution of
Y +p(x)y = q(x)
is given by the formula

!Ezi L z)qg(x)dx, where 1) = el Pl@)de
) = =+ [ plalonde, where (o) |

Use the formula to solve .
Y+ -y =2
z

by following the instructions.
(a) Identify p(z) and ¢(x).
(b) Calculate [ p(z)dz. Don’t add a constant C' yet.
(¢) Simplify pu(z) = e/ P4 and ﬁ
(d) Calculate [ u(z)g(z)dx.
(e) The solution is y(z) = % + ﬁ [ p(z)g(z)da.
5. Consider the 27 periodic function f(x) which satisfies

f(t):{x’ fo<z<m

—z, if —7<ax<0.
Which of the Fourier coefficients aq, a1, as, by and by are nonzero?

6. Find the discrete Fourier transform of [2 + 37,3, —5,7]. In other words, calculate by hand
££4([2 4 34,3, —5,7]).

In the following pages, there are some formulas.



Formulas

Differentiation and integration

Differentiation Integration
Dx™ = nx"! [ardx = ::11 +C
De* = e” [etde =e"+C
Db = b*1n(b) [b"dz = hi’(zb)
Dln(z) =1
Dhnlz| =1 [2dz =lz[+C
Dlog,(z) = xlr}(a)
Dlog, 1] = b
Dsin(z) = cos(z) [ cos(x)dz = sin(z) + C
D cos(z) = —sin(z) [sin(z)dz = — cos(z) +
Dtan(z) =1+ tan?(z) J1+tan?(x)dz = tan(z) +C
Dzln(z) —x =lIn(z) JIn(z)de =zln(z) -2+ C
Darcsin(r) = == [ 7= =awcsin(z) +C
D arccos(z) = — 11712 | = 11712 = arccos(x) + C
D arctan(z) 1+1$2 / 1+le = arctan(z) + C
Dsinh(x) = cosh(x
D cosh(z) = sinh(z)
Dtanh(z) = coshlz(x)
Differentiation Integration
Df(g(x)) = Fo@)g(=) | [ Flo(@)g@de = fg(x))+C
Special cases
Din(g(r)) =24 J e =(g@) +C
Ded@) = e9@) g/ () fg’(x)eg(x)dx — () 1 O
Dfg =fg+fg J flgde = fg— [ fg'dx
D(f/9) = (9" = fg)/g*
Y p———




Solution formula

The solution of
Yy + @)y = qlx)
15 C 1 [ p(x)dz
y(z) = @) + ) /,u(:z)q(x)dx, where pu(x) =e
Fourier series

If f is periodic with period 27 and f, f' and f” are piece-wise continuous, then

flz) = % + i an cos(nx) + b, sin(nx),

n=1
where
1 ™
ag = — f (x)dx
T
1
an f( ) cos(nx)dz

/ F () sin(n)d

Moreover, if f is odd, that is, f(—z) = —f(z), then

o 2 T
= Z b,sin(nx), where b, = —/ f(z) sin(nz)dz,
n=1 0

A

and if f is even, that is, f(—z) = f(x), then

f(z) = % + ian cos(nz) where a, = %/Oﬂ f(z) cos(nz)dzx.

n=1

Discrete Fourier transform / FFT

Transform and inverse transform

1
Yo = To+T1 Yo = 5(w0+ 1)
J 1
Y =Tp— T o = §($0—$1)
Transform and inverse transform
1
Yo =To+ T+ T2+ T3 Yo = g(wo+ 1+ 72 + 73)
Y1 = Xog — 1T — To + i3 1 = 3(x0 +iry — 19 — 1T3)
J 1
Y2 :$0—$1+$2—$3 Y2 :Z(l’o—l’l—i‘l’g—.fg)
. . 1 . .
Ys = To+ 1Ty — Ty — 13 ys = g(wo —iry — w3 +iw3)



