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I I : -Diophantine.wx
Examples of Diophantine Equations; "o

In Diophantine equations, a and b are given, while i, |, and k are unknowns.

a-i+ b-j=1 Linear Diophantine Equation
7-i+18- =208

a+b =c Pythagorean for i=2
Unsolveable fori> 2

create list(a*i+b*3=1,1,-1,1,3,-1,1);

[ -b-a=1, -a=1, b-a=1, -k=1,0=1, b=1,a-b=1, a=1, bta=1]

create list (x"2+y*2=2z"2,%,3,5,v,3,5);
_ e __Z _ 2 __Z _ 2 _ & _ .=z
[lEi—z ,20=z", 34=z" Zb=z"  32=z" 4l=z" GS4=z

— 2 I
, 41=z* 50=z"]




Examples of Diophantine Equations:

—~10

—5
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Exercise:

Generate a ten-element sequence of
hypotenuse lengths that satisfy the
Pythagorean theorem:




Integration By Parts 101:

A powerful symbolic trick:

fudv: u-v —fvdu




Integration By Parts 101:

Consider integration by parts on the simplest integral.

fdx = 7

#let u= 1 then du=0-dx
# Llet dv= dx then v=x

u dv = u-wv — fv du # The Rule
1-x— 0fx ax # Substitution

x-+C # Result
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Integration By Parts 101:

Consider integration by parts on a non-trivial example.

fx-cos(x)dx =7

#let u= x then du—=dx
# Let dv= cos(x)dx then v=sin(x)

fu dv = u-v — fv du # The Rule

fx-cos(x) dx = x-sin(x) +cos(x)+C # Substitution

Exercise: Why could we omit the constant of integration in the dv=cos(x)dx step?
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Integration By Parts 201:

A more complex example of:

fudv: u-v —fvdu




Integration By Parts 201:

Consider integration by parts on a non-trivial example.

(1—x)

cdx =7
(1+x)
#let u= 1—x then du=—dx
# Let dv= ax then v=log(1+ x)
1+ x

fu dv = u-v — fv du # The Rule

(l_x)-dx = (1—x)-log(1+x) + f/og(l—l—x)dx
(1+ x)

= 2-log(1+x)—x+C




Again Using Maxima™:
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nixy)::={(1-x); du dx (x) c=diff(u(x),x)5s
du_dx (%) 7 In the first section we process u.

ulxl T =1-x

-1

dv dx(x) =1/ (1+x) ; v{x}:=integrate(dv_dx(x),x}$

. In the second section we process dv.
dv_ d=(x) 2 iz
+ H

logix+l) . .
Exercise: Explain why

our result and Maxima’s

() *v ()7 check differ.

(l—-x)logix+1l)

ratsimp (u(x)*v(x) -1ntegrate (v (x) *du dx(x),x));

2 log(x+ll-x-1 <« Our result.

integrate ((1-x)/ (1+x),X) ; €<— Let Maxima™ check our work.
2 logixtl)—x




Y=C-X+2-log(1+X)
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Integration By Parts 301:

The LIATE rule is a heuristic — or rule of thumb, constructed by Herbert
Kasube and guides the selection of u in:

fudv: u-v —fvdu

The letters in LIATE stand for:

L: Log functions: log_(x)...
I: Inverse trig functions: asin(x), acos(x), atan(x)...

A: Algebraic functions: ax"...
T: Trig functions: sin(x), cos(x), tan(x)....
E: Logarithmic functions: a*, e*..

The selection of dv is guided by the reverse acronym DETAIL, where the D
stands for dv.




Integration By Parts 301:

Consider this example where we integrate twice by parts:

fexsin(x)-dx = 7

# Per LIATE Let u= sin(x) then du=cos(x)dx

# Llet dv= e*dx then v=¢"

fexsin(x)-dx: e*sin(x) — fexcos(x)dx # Eq. A

# Per LIATE Let u= cos(x) then du=—sin(x)dx

# Llet dv= e*dx then v=¢"

fexcos(x)dx: e*cos(x) —+ fexsin(x)dx # Eq.B




Integration By Parts 301:

Now we add equation A to a rearranged equation B:

fexsin(x)dx = e*sin(x) — fexcos(x)dx # Eqg. A

f e’ sin(x)dx = —e*cos(x) + f e” cos(x)dx # Eq.B'
This produces the following equivalence relation:

Zf e’ sin(x)dx = e”(sin(x) — cos(x))

Which when rearranged provides our answer:

fex sin(x)ax — ex(sin(x)z—cos(x)) L

And we can’t forget the constant of integration!




v=Cit (sin(X)-cos(X))-exp(X)
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Y=exp(X)-sin(X) @)
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fuvdW: uvw —fuwdv—fvwdu

End




