Non-linear least squares
fitting two Gaussians
in Excel



The Gaussians are given by C column, which is plotted vs. the B column.
The initial guess for the parameters is given in the cells H7, 17, J7 and HS8, 18 and J8

H ©- - B = tutorial_6_gausTGA (weekB) [Compatibility Mode] - Excel T =
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  ACROBAT

E2 - S =sHS7*NORMDIST(B2,51$7,5/$7,0)+$HS8*NORMDIST(B2, 518, $58,0) Flttlng fu nction

A B C D E F G H 1 J K L M N 0 P Q

1 PEAK OVERLAP DATA noisel noise 2

2 0 0.009773 —0.00093' 5.129?E—23_| The two spectra represent the same signal but with a different noise level
3 1 0.00821 -0.00059 7.1551E-23 Column A is e.g. elution time or scattering angle or frequency

4 2 -0.00631 0.000472 9.9692E-23 First make a graph of both

5 3 0.004791 -0.00053 1.3875E-22 Fit both data sets with a combination of two Gaussians using the solver

6 4 0.01636 0.000614 1.9283E-22

7 5 -0.00435 0.000613 2.6785E-22 15 250 15 1+1 |

8 6 0.010262 -0.00042 3.7153E-22 20 300 30 lnltla GUESS
9 7 -0.00261 0.000746 5.1479E-22

10 8 -0.02278 -0.0006 7.1248E-22

11 9 0.002571 -0.00029  9.85E-22

12 10 -0.00437 -0.00027 1.3602E-21

13 11 0.002607 0.000603 1.8763E-21 Two Overlapping Gaussians with Initia Guess

14 12 0.015395 -0.00041 2.5854E-21 05

15 13 0.007243 0.000352 3.5585E-21

16 14 0.001776 0.000526 4.8923E-21 o4

17 15 0.008453 0.000182 6.7186E-21 03

18 16 0.005783 -0.00031 9.2165E-21

19 17 -0.00068 0.000773 1.2629E-20 0.2

20 13 0.004804 0.000701 1.7286E-20

21 19 -0.0052 0.00044 2.3633E-20 ot

22 20 0.013383 0.000968 3.2276E-20 0

23 21 0.002537 -0.00053 4.4031E-20 0 100 200 300 400 500 600
24 22 0.002272 0.000315 5.9999E-20 01

25 23 0.012812 -0.00051 8.1668E-20 noise 1

26 24 0.010398 0.000281 1.1104E-19

27 25 -0.0024 0.000344 1.5081E-19
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We can use the STDEV function (in another worksheet as needed) to calculate the
noise in the data. This is shown below. Note that there are 50 data points in the file.

H <- L B - Bookd - Excel ? =
FILE HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  ACROBAT

AS0 M j\ =STDEV{A1:A48)

A B s D £ F G N J K L M N 0 P aQ R s T
43| 0.017924
44| -0.02019
45| -0.00193
46 | 0.017517
47| -0.01116
48 | 0.004581
49| 0.005998
50| 0.010903_|




Using the estimate for the noise the value of chi-squared can be estimated and is
given in cell L9 in this sheet. This step is essential for Solver to work.

H ©- - E" = tutorial_§_gaussians_B [Compatibility Mode] - Excel T E
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ACROBAT
L9 - | {=SQRT(SUM(F2:F502"2))/SQRT(500)/0.0109}
Formula Bar
A B C D E F ] H 1 1 K L M N o} P Q
1 PEAK OVERLAP DATA noisel noise 2
2 0 0.009773 -0.00093 5.1297E-23 -0.00977 The two spectra represent the same signal but with a different noise level
3 1 0.00821 -0.00059 7.1551E-23 -0.00821 Column A is e.g. elution time or scattering angle or frequency
4 2 -0.00631 0.000472 9.9692E-23 0.006312 First make a graph of both
5 3 0.004791 -0.00053 1.3875E-22 -0.00479 Fit both data sets with a combination of two Gaussians using the solver
i] 4 0.01636 0.000614 1.9288E-22 -0.01636
7 5 -0.00435 0.000613 2.6785E-22 0.004947 15 250 15
8 6 0.010262 -0.00042 3.7153E-22 -0.01026 20 300 30 2
9 7 -0.00261 0.000746 5.1479E-22 0.002614 | 2.?91264! x
10 8 -0.02278 -0.0006 7.1248E-22 0.02278
11 9 0.002571 -0.00029 9.85E-22 -0.00257
12 10 -0.00437 -0.00027 1.3602E-21 0.004368
13 11 0.002607 0.000603 1.8763E-21 -0.00261 Two Overlapping Gaussians with Initial Guess
14 12 0.015395 -0.00041 2.5854E-21 -0.01539 05
15 13 0.007243 0.000352 3.5585E-21 -0.00724
16 14 0.001776 0.000526 4.8923E-21 -0.00178 o4
17 13 0.008453 0.000182 6.7186E-21 -0.0084> 03
18 16 0.005783 -0.00031 9.2165E-21 -0.00578
19 17 -0.00068 0.000773 1.2629E-20 0.000634 02
20 18 0.004804 0.000701 1.7286E-20 -0.0048
21 13 -0.0052 0.00044 2.3633E-20 0.005205 ot
22 20 0.013383 0.000968 3.2276E-20 -0.01338 0
23 21 0.002537 -0.00053 4.4031E-20 -0.00254 Q 100 200 300 400 500 600
24 22 0.002272 0.000315 5.9999E-20 -0.00227 01
23 23 0.012812 -0.00051 8.1668E-20 -0.01231 nose 1 —
26 24 0.010398 0.000281 1.1104E-19 -0.0104
27 25 -0.0024 0.000344 1.5081E-19 0.002396
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Then we run Solver, which will alter the parameters given in the 6 cells indicated
previously to minimize the value of chi-squared. If you cannot find Solver then you

need to install the Add-in as shown in a previous segment.

H - - E" = tutorial_6_gaussians_B [Compatibility Mode] - Excel
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ACROBAT

[ElFrom Access D&} D ||=n| [zl Connec.tions &) Y Clear E’E E_,a ?6 E-)I:I E _)
[& From Web . = Properties ) Reapply ) - . .

Fram Other Existing Refresh R 1l Sort Filter Textto Flash  Remowve Data Consolidate What-If Relationships  Group
Ll From Text Sources=  Connections  All~- Edit Links Yo Advanced  Columns  Fill Duplicates Validation = Analysis ~ M
. IEEt_E)_rt_eEEIEata__ . Fg_n_n_estions_ ______ Sort & Filter Data Tools
2 0 0.005773 -0.00093 5.1297E-23 -0.00977 The two spectra represent the same signal but with a different noise level
3 1 0.00821 -0.00059 7.1551E-23 -0.00821 Column A is e.g. elution time or scattering angle or frequency
1 2 -0.00631 0.000472 9.9692E-23 0.006312 First make a graph of both
5 3 0.004791 -0.00053 1.3875E-22 -0.00479 Fit both data sets with a combination of two Gaussians using the solver
6 4 (0.01636 0.000614 1.9288E-22 -0.01636
7 5 -0.00435 0.000613 2.6785E-22 0.004947 15 250 15
8 6 0.010262 -0.00042 3.7153E-22 -0.01026 20 300 30
9 7 -0.00261 0.000746 5.1479E-22 0.002614 | 2.?912641
10 8 -0.02278 -0.0006 7.1248E-22 0.02273
11 9 0.002571 -0.00029 9.85E-22 -0.00257
12 10 -0.00437 -0.00027 1.3602E-21 0.004368
13 11 0.002607 0.000603 1.8763E-21 -0.00261 Two Overlapping Gaussians with Initial Guess
14 12 0.015395 -0.00041 2.58534E-21 -0.01539 05
15 13 0.007243 0.000352 3.5585E-21 -0.00724
16 14 0.001776 0.000526 4.8923E-21 -0.00178 04
17 15 0.008453 0.000182 6.7186E-21 -0.00845 03
13 16 0.005783 -0.00031 9.2165E-21 -0.00578
19 17 -0.00068 0.000773 1.2629E-20 0.000684 0z
20 13 0.004804 0.000701 1.7286E-20 -0.0048
21 19 -0.0052 0.00044 2.3633E-20 0.005205 o
22 20 0.012383 0.000968 3.2276E-20 -0.01338 0
23 21 0.002537 -0.00053 4.4031E-20 -0.00254 0 100 200 300 400 500
24 22 0.002272 0.000315 5.9999E-20 -0.00227 0l
25 23 0.012812 -0.00051 8.1668E-20 -0.01281 noise 1 ——
26 24 0.010398 0.000281 1.1104E-19 -0.0104
27 25 -0.0024 0.000344 1.5081E-19 0.0023%
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Note that the Gaussians have been fit reasonably well and the value of chi-squared
is 0.9. If the estimate for the noise were perfect then chi-squared should be 1.0

H % -4 5 -
FILE HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  ACROBAT

- Jfr | {=SQRT(SUM(F2:F50222))/SQRT(500)/0.0109}
A B C D E F G H | ] K L M N o] P Q
1 |PEAK OVERLAP DATA noisel noise2
2 0 0.009773 -0.00093 1.8637E-22 -0.00977 The two spectra represent the same signal but with a different noise level
3 1 0.00821 -0.00058 2.5791E-22 -0.00821 Column A is e.g. elution time or scattering angle or frequency
4 2 -0.00631 0.000472 3.5652E-22 0.006312 First make a graph of both
5 3 0.004791 -0.00053 4.923E-22 -0.00479 Fit both data sets with a combination of two Gaussians using the solver
5 4 0.01636 0.000614 6.7906E-22 -0.01636
7 5 -0.00435 0.000613 9.3565E-22 0.004947 9.747989 249.8544 9.835749
8 6 0.010262 -0.00042 1.2878E-21 -0.01026 20.39415 299.4154 30.33281
9 7 -0.00261 0.000746 1.7706E-21 0.002614 0.9195
10 8 -0.02278 -0.0006 2.4316E-21 0.02278
11 9 0.002571 -0.00029 3.3359E-21 -0.00257
12 10 -0.00437 -0.00027 4.5715E-21 0.004368
13 11 0.002607 0.000603 6.258E-21 -0.00261 Two Overlapping Gaussians with Initial Guess
14 12 0.015395 -0.00041 8.5573E-21 -0.01539 05
15 132 0.007243 0.000352 1.1689E-20 -0.00724
16 14 0.001776 0.000526 1.5949E-20 -0.00178 04
17 15 0.008453 0.000182 2.1733E-20 -0.00845 03
18 16 0.005782 -0.00031 2.9595E-20 -0.00578
19 17 -0.00068 0.0007732 4.025E-20 0.000684 0.2
20 18 0.004504 0.000701 5.4681E-20 -0.0048
21 19 -0.0052 0.00044 7.4205E-20 0.005205 o
22 20 0.013383 0.000968 1.0059E-19 -0.01338 0
23 21 0.002537 -0.00053 1.3621E-19 -0.00254 0 100 200 300 400 500 600
24 22 0.002272 0.000315 1.8424E-19 -0.00227 01
25 23 0.012812 -0.00051 2.4394E-19 -0.01281 noke 1
26 24 0.010398 0.000281 3.36E-19  -0.0104
27 25 -0.0024 0.000344 4.53E-19 0.002396
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We focus on the fit. Now if we subtract the fitted function from the data we wiill
obtain the residuals.

Two Overlapping Gaussians with
Fitted Curves
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In this case the residuals have the appearance of noise. They have no structure.
This is an indication of a good fit as well.

Residuals from fit to two Gaussian functions
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