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To compute the Comet
f(x) = x  + x  + x  + x  + x + ....2 3 5 7 11

f(x) = x  + 2x  + x  + 2x  +2x +3x    + ....
2 4 5 6 7 8 10

n=9000; f=Sum[If[PrimeQ[a],x^a,0],{a,n}]; g=Expand[f*f];
G=CoefficientList[g,x]; s=Table[G[[2 k-1]],{k,2,n/2}];
ListPlot[Flatten[s],PlotStyle ->PointSize[0.001]]
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Edmund Landau 1912
Goldbach 

Prime Twin

Legendre

Landau 
1877-1938



From Proceedings

1877-1938



Klondike Space Perkins,2000

gold rush of 1897-1899, 
Klondike, Alaska



Apropos old times ...



Once upon a time ...

Oliver



some school friends



told me about



Prime Numbers
An Integer n Larger Than 

1 divisible only by 1 and N

2,3,5,7,11,13,17,....



Today, kids learn it from holywood

CONTACT, 1997



As for Goldbach...



wait for high school
I had to



But
also

exciting Olivetti  P6040, 1977
16 character diode display! 

 2 Kbytes RAM, 16 KB ROM



And
intimidating



Goldbach 1742
Every even 

number larger 
than 2 is a sum of 

two primes

Christian



Doxiadis Novel

Uncle Pedros 
and the Goldbach 

 Conjecture  (1992)



Calculus of Love  (2011)

Hollywood



Fermat's Room 
2007Hollywood



Fermat's Room 
2007



To understand
the comet

we need a bit background



How are Primes 
distributed? 



Experiment (Gauss)
Prime(k)

k
grows  

logarithmically

1801
20 40 60 80 100

2

3

4

5



Experiment

Prime(k)
k log(k)

k = 1000000000000;  
N[Prime[k]/(k Log[k])] 

1.0856…
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Prime Number Theorem
The number of primes less or equal  

to x grows like  x/log(x). 

Jacques Hadamard and  
Charles de La  

Vallee Poussin (1896)
1866-19621865-1963



The Comet
M=10000;
h[z_] = Sum[z^Prime[k], {k,M};
ListPlot[CoefficientList[
  Series[h[z]^2, {z,0,M}], z]]
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log(p)

p+q=2n

1
log(q) log(n)

n≈ 2

chance of  
p to be prime

chance of  
q to be prime
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An other 
comet

 Background -> Black]

f(x) = x  + x  + x  + x  + x + ....2 3 5 7 11

2! 3! 5! 7! 11!



In the complex

f[z_] := Sum[z^Prime[k] /Prime[k]!, {k,200}];  
g[x_, y_] := Log[Abs[N[f[x + I y]^2]]]; 
(* g[x_, y_] := Abs[f[x + I*y]^2];  *) 
S = ContourPlot[g[x, y], {x, -20, 20}, {y, -20, 20}

Learn Complex Analysis!!! 
Math 113
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Why so
smooth?

f(x) = x  + x  + x  + x  + x + ....2 3 5 7 11

2! 3! 5! 7! 11!



Prime Twins

5

Are there infinitely
many? 

7
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n

p(n) and  
p(n+2) prime

Prime twins appear 
statistically very 

regularly



Twin Prime Constant
C is The product of  p(p-2)/(p-1^2) 

where  p runs over all 
primes is   0.6601618….

P=Prime;Product[P[k] (P[k] - 2)/(P[k] - 1)^2, {k, 2, 1000}]
Hardy-Littlewood: density 
of twin primes is believed 

dtlog (t)2
2

x
2 C ∫



Hardy and Littlewood

The man who knew infinity, 2015



Prime Triplets?

3

Are there infinitely
many? 

5 7



Terry Tao



Polignac conjecture
“There are infinitely
many prime gaps 2n

for any n”

Alphonse de Polignac 1849



Prime Gaps

Zhang, Yitang. "Bounded gaps between primes"
Annals of Mathematics Pages 1121-1174 from Volume 179 (2014)

(  p     −p )<7×10
n→∞ n+1 n

7
lim inf

Yitang Zhang, 2013



Back to College

ETH Zuerich lecture of Eugene Trubowitz, Photo Oliver Knill



Vax 11/785

8 Meg RAM, 1.2 Gig Disk

K(p) = min {2n |2n-
q is not prime for all 
primes q smaller or 

equal than p}

K(7)=98 as 98-3,98-5,98-7  
are not prime 

Kannenberg numbers (A025018)



2007 300 years Euler

-∑
p

log(1-           )
1
p s

x pf(x)=

f(1) = log(ζ(s))
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g(x)=f(x)-log(ζ(2))x 
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a(n) Fourier  
Coefficients

We see  1/√a(2n)

We see  1/√a(2n+1)





2016 

Barry Mazur, William Stein



2016 

Every even 
Gaussian integer 

a+ib with 
a>1,b>1 is a sum 
of two  positive 

Gaussian primes



Gaussian Integers
3+4i

3+4i=(2+i)(2+i)
are not Gaussian primes

2+i

2+i is Gaussian prime

5=(2+i)(2-i)



Gaussian Comet
f(x,y) = x y + x  y + x  y + x  y + x   y + ...2 4 6 10

g(x,y) = x  y  2 2
+ x  y

2 + x  y
4

+ x  y2 + ...

n = 20;  
f =  Sum[If[PrimeQ[a + I b, GaussianIntegers -> True], x^a y^b, 0], {a,n}, {b, n}]; 

g = Expand[f*f]; G = CoefficientList[Expand[f*f], {x, y}];



Gaussian
primes

Re

Im

units

3 7

3i











The End


