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Normal Distribution



  

But I don't want a mean of 0



  

Definitions

● μ = (Σ y
i
)/N

● σ2 = Σ(y
i
 – μ)2/(N – 1)

● mode = mean



  

FWHM

● exp(-x2/2σ2) = 0.5
● x2/2σ2 = ln(2)
● x = sqrt(2ln(2))σ
● FWHM = 2x
● FWHM ~ 2.355σ



  

Fitting Data



  

Linear Correlation Coefficient



  

; by Sylwester Arabas <slayoo@igf.fuw.edu.pl>
; part of GNU Data Language - GDL 
function correlate, x, y, covariance=covariance, double=double
  on_error, 2

  if n_params() eq 2 then begin

    l = n_elements(x) < n_elements(y)
    mx = mean(x[0:l-1], double=double)
    my = mean(y[0:l-1], double=double)
    cov = total((x - mx) * (y - my)) / (l - 1.)
    if keyword_set(covariance) then return, cov

    sx = sqrt(total((x[0:l-1] - mx)^2, double=double) / (l - 1.))
    sy = sqrt(total((y[0:l-1] - my)^2, double=double) / (l - 1.))
    return, cov / sx / sy

  endif else if n_params() eq 1 then begin

returns control to calling program

there have to be 2 parameters

pick the lesser of number of elements of x and y
find mean of x and y. If double is set calculations
are done in double precision.

Calculate the numerator.
Return the covariance matrix if keyword set.

Return correlation coefficient

Calculate correlation coefficient.



  

Aside: Note on Vectors in IDL



  

Adding Noise

r = 0.714



  

Calculating Best Fit Parameters

● Metric: least squares fit.
– y = ax + b

– LS = Σ(y
i
 – (ax

i
 + b))2 where we solve for a and b

● Best fit for a and b will be when
– δLS/δa = 0
– δLS/δb = 0



  

Note that the linearity is for a and b.



  

Analytical Programming



  

Brute Force
nelems = 1000
x = findgen(nelems)
y = (2. + randomn(seed,nelems))*x +$
 (500. + randomn(seed,nelems))
plot,x,y

a = 0.
b = 0.
dela = .1
delb = .1
model = a*x + b

ls = total((model - y)^2)
ls_old = ls + 1000.

while (ls lt ls_old) do begin
   a = a + dela
   model = a*x + b
   ls = total((model - y)^2)
   if (ls lt ls_old)then begin

ls_old = ls
ls = 0

   endif
endwhile

s = total((model - y)^2)
ls_old = ls + 1000.

while (ls lt ls_old) do begin
   b = b + delb
   model = a*x + b
   ls = total((model - y)^2)
   if (ls lt ls_old)then begin
        ls_old = ls
        ls = 0
   endif
endwhile
print,a,b
oplot,x,model,col=255
end



  

Brute Force Minimization

xyouts,100,4000,"a = " + strcompress(string(a),/rem)
xyouts,100,3500,"b = " + strcompress(string(b), /rem)



  

nelems = 1000
x = findgen(nelems)
y = (2. + randomn(seed,nelems))*x +$

(500. + randomn(seed,nelems))
plot,x,y
dela = .1
delb = .1
ls = fltarr(100,10000)
a = lindgen(100,10000) mod 100
a = float(a)/10.
b = lindgen(100,10000)/100
b = float(b)/10.

t0 = systime(1)
for i = 0,99 do begin
print,i,(systime(1) - t0)/float(i)*(100. -i)
  for j = 0,9999 do begin
    model = a(i,j)*x + b(i,j)
    ls(i,j) = total((model - y)^2)
  endfor
endfor

q=where(ls eq min(ls)) & q = q(0)
print,a(q),b(q),ls(q)
model = a(q)*x + b(q)
oplot,x,model,col=255,thick =2
xyouts,100,4000,"a = " + strcompress(string(a(q)),/rem)
xyouts,100,3500,"b = " + strcompress(string(b(q)), /rem)
end

Grid Search



  

Grid Search



  

Importance of σ

● Results are often quoted as ±1σ.
● 3σ or 5σ are detections.
● Numbers to remember:

– 68% within 1σ of mean.

– 95% within 2σ of mean.

– 99% within 3σ of mean.



  

Sigma for Normal Distributions
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