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e Focus the HeNe laser’s Gaussian
with a lens .

e Measure the waist of the beam at
several locations along the beam profile

e From recorded data, calculate the
radius of the beam waist
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Invented from a need to improve (increase sensitivity) of television vi
cameras, around 1934 by RCA

Oriel PMT, model #77346, detects 185-850nm, HeNe laser used is 633nm
Very light sensitive, especially in the presence of bias voltage '
Principle of operation: photoelectric effect

Photocathode, charged surface that emits electrons when struck with photons
Detection requires multiple electrons, series of dynodes located inside PMT

Dynodes coated in photosensitive material, when initial electron strikes each
dynode, secondary electrons are emitted

Due to a potential difference between the dynodes, the electrons increase in
kinetic energy as they strike each subsequent electrode

Electrons with higher potential energy emit a greater amount of secondary
electrons when they strike the dynodes

The emission of secondary electrons allows for the detection of the
photocurrent, since detection of a single electron would be difficult

Emitted electrons gather on the anode, which detects that the photocathode
has been struck by an incident beam



Incident laser beam

Pinhole detector
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Photomultiplier tube  Pinhole detector

Positive lens

Adjustable micrometers

R

Ry

Mirror to refle Incident light from HeNe Ia%



Securely mount the PMT and lens on movable rails
Secure the rails to the optical table
Align the pinhole detector along the plane of the table, proved dlfflcult g

Using the fine tuning screws, align the laser with the pinhole aperture, usmg\
the current reading as a guide. This alignment also involved moving the
pinhole detector to allow a maximum reading.

Position the lens and PMT at the focal point

Using the fine tuning micrometers that the lens and the PMT are mounted on,
locate the center point of the Gaussian beam profile, the location of the
greatest photocurrent reading

Mark that position as the central point, then scan significantly to either side of
the center point to best approximate the beam profile, taking five readings at
each point. Points separated by .001 inches for focal point.

Repeat steps for 2 positions, 10cm and 15cm, outside of the focal point.

Note: took longer to adjust mirrors and lens to take measurements outside of
the focal point




Securing the PMT

Aligning the laser with the lens and pinhole




At Focal Point (with lens)...80+25

25, =

0.423
0.434
0,425
0.426
0.427
0,423
0.429
043

0431
0.432
0.433
0434
0.435
0.436
0.437
0438
0.439
044

0.441
0.442
0.443
0.444
0.445
0.446
0.447
0.443
0.449
0.45

0.451
0.452
0.453
0454
0.455
0.456
0.457
0458
0.459
0.46

in

5y =

-2.12E-02
-2.19E-02
-2 21E-08
-2 4E-08
-2.23E-02
-4.30E-02
-5.25E-08
—5 54E-08
-4.03E-02
-751E-02
-1.01E-07
-3 01E-07
-5 33E-07
-8.88E-07
-142E-0a
-2.35E-08
—3 08E-0é
-3 11E-04
-3.26E-08
-2.96E-0a
-2.64E-0a
—1 08E-0A
-1.98E-04
-7.22E-07
-3.24E-07
-1.11E-07
—4 04E-08
-345E-02
-4.62E-02
-1.57E-02
—2 50E-08
-1 51E-08
-2.06E-02
—-445E-02
—-4.66E-02
-3 51E-08
-3.23E-02
-3.23E-02

6.51E-03
672E-03
6 TTE-03
T 3RE-03
6.84E-03
1.32E-02
LAIE-02
1 TOE-02
1.24E-02
2.30E-02
309E-02
0 22E-02
1 A3E-01
272E-01
4.52E-01
F20E-01
9 43E-01
9 52E-01
1.00E+HD
S.09E-01
3.09E-01
6 0ZE-01
6.06E-01
2.21E-01
SP3E-02
34202
1 51E-02
LO7E-02
1 42E-02
421E-03
T BAE-03
462E-03
6.32E-03
1.36E-02
L 43E-02
1 0ZE-02
985E-03
9.90E-03

T2254E-10
6.2264E-10
2.18014E-10
1 91705E-10
309952E-09
1 20266E-09
2BA055E-09
2 9T305E-08
272819E-09
285246E-09
4.52184E-09
6 218TAE-09
1 15149E-08
2.2303E-08
222TI0E-07
L17247E-07
0 BATTAE-08
49390408
£.55815E-08
10232E-07
305453E-08
1 50525E-07
£5T026E-07
2.3T495E-08
523339E-08
2.1653TE-08
1 38425E-08
1 34943E-08
603243E-09
2.58858E-08
TO0157TE-10
20962E-00
1 B3742E-09
2.13206E-09
301947E-09
5T55T4E-09
T.2T401E-09
3476TEE-10

i3y =

-3.68E-02
-1.62E-02
—6 O2E-09
-114E-08
-2.06E-02
L27E08
1.54E-00
—1 26E-08
-1.90E-02
-3.12E-02
-3.53E-02
—209E-07
—5 47E-07
=9.17E-07
-2.06E-0a
-2.32E-08
—2 0BE-0A
—3.27E-06
=3.34E-08
-3.01E-0a
-242E-0a
—1.74E-06
-9.59E-07
-3.81E-07
=3.05E-07
-1.36E-07
5 15E-08
—-443E-02
-3.53E-02
—-4.23E-02
—5 00E-08
—203E-08
-4.12E-02
—-497E-02
-391E-02
2 52E-08
-1.08E-02
-2.17E-02

LIDEDZ  426628E-09
A26E-03 1 33777E09
207E-03 2 B421E00
342E-03 2 BTASSE09
6.12E-03 1 4L08E-02
—~379E-03 74444800
-461E-04 348866E-08
ATRE-03 3 UTITEOD
SE2E-03  153036E-00
S934E-03  11149E09
1A3EDZ  609385E09
A2TE-02 5 BB456E00
16401 1 5598308
275E-01  245276E08
a.l6E-01  138903E07
aPEEDl 5 83765E08
E9E-01 77240608
QOTOE-01 4 26980E08
1.00E+)0 219135E08
QO0E-0L  109636E-08
TAIEDL  42775E02
326E-01 5 17513E08
287E-01  571136E08
1T4E-01  333432E08
QUI4E-02  132306E-08
A06E-02  1.32815E-08
15402 0 273TEE00
1.33E-02 150404E-08
108E-D2  526455E-09
127E02  1.53553E08
15002 039244F-10
BTEE-03 3 51431E00
1.23E-02 107913E09
1APED2  289523E09
LI7EDZ  336735E09
—754E-03 6 00559E-00
323E-03 782256E-10
GS0E-03 1 84456E-00

At Focal Point + 10cm_(with lens)...80+35

35, =

0415
0416
0417
0.4lg
0419
042

0421
0422
0423
0.424
0425
0.426
0.427
0428
0.428
043

0431
0432
0433
0434
0435
0436
0.437
04328
0439

0441
0442
0443
0444
0445
0.446
0.447
0448
0449
045

0.451
0.452
0453
0454
0.455
0456
0.457
0458
0459
0.46

0461
0462
0.463
0464
0465
0466
0.467

£ 10E-09
8 25E-09
1.72E-08
1.06E-02
9 22E.09
1.14E-09
2 52809
3 28E-08
149E-08
1.03E-08
—248E-03
1.44E-028
235E-08
248E-08
-832E08
-191E07
-251E07
—4 34807
— TZE07
-8 79E07
-935E07
—1 09E-06
—1 4606
—203E-06
-231E06
-234E06
—230E-06
—219E-06
—202E-06
-1 80E-06
-1 48E-06
-1.13E06
6 31E07
-4 72ZE07
—233E07
=1 36E-07
-6.44E-08
—223E08
9 JEE-09
—238E-08
—435E-09
-455E09
1.60E-02
-117E-08
-1 20E-08
5 07E-08
116E-08
294E-08
157E-08
3 03E-08
4 10E-09
3 80E-09
3.B0E-05

—261E-03
—353E-03
=736E-03
-4.33E-03
—395E-03%
—488E-04
1.08E-03
=1 41E-02
-6.36E-03
—441E-03
1.06E-02
—617E-0%
—1 01E-02
-1.06E-02
3.56E-02
& 1TE-02
1.07E-01
186E-01
2E2E01
3T7E0L
4.00E-01
462E01
A27E01
BAZEO1
9E9E01
1.00E+00
9 EAE01
S A0E-01
BASEOL
T0EO1
6.35E-01
436E-01
291E01
20ZE01
DORE-02
SR3E02
2.76E02
9.56E-03
—405E-0%
1.02E-02
186E-03
185E03
-6.83E-03
S03E-03
512E03
—217E-02
-4 96E-03
-1.26E-02
~%.00E-0%
—1 30E-02
—1 76E-0%
163E-03
-163E-03

adings at each point, separated by a
dependant on position:

1 1785TE-09
S01TE-0
L61611E-09
293578609
S90118E-09
6 96096E-10
1 14744E-09
9 7314RE-0%
3.436T6E-08
277451E-08
35156E-00
43006TE-0D
27323TE02
232188E-09
834254609
1 31773E-08
T 31218E-09
1 37293E-028
230325E-02
98733E-09
2.55123E-08
1 AO263E-08
27409202
2TFIAIE02
1.16276E-08
8.49737E-09
1 20499E-08
1 20552E-08
450555E-09
4.47493E08
S5.1139E-08
1.08766E-08
1 783TTE-08
111545028
T OTESIE-0D
1 22749E-08
165529E-09
6.53362E-09
4500T2E-09
21315309
1 58305E-09
4.12528E-09
1.00283E-09
1 13162E-09
1 27143E-09
6 34623E-09
29354RE-0%
S69811E-09
4.42084E-09
1 B5845E-08
621065E-10
6. 46042E-10
1.33736E-00

1 A0E-08
330E-09
1.28E-08
-1 4E02
1 49E.08
4 16E-08
421E-09
286E-08
2.47E-09
~367E-09
219E-08
—423E-09
—5035E-09
-1.11E-08
L73E-08
—422E.08
—1 43E.07
—3A6E-07
—f 8AE-0F
=-9.38E-07
~1.04E-06
—1 62E-06
-1 81E-06
—202E-06
—-2.39E-06
-235E-06
—224E.06
—203E-06
—1 92E-06
—1 37E-06
-1.19E-06
-0.58E-07
—731E07
-5 AZE07
—351E-07
-1 71E-0F
-8.36E-08
2.18E-08
2.84E.08
-1 82E-08
S58IE-10
-1.38E-09
LE7E-09
2 44F.08
1 79E-08
2.23E-08
-4 75E-09
2.06E-08
~1.26E-09
9 30E.0
1 02E-08
1 A2E-09
-4.29E-09

—6 69803 503701E-09
-1 59E03 161532E-09
=537E03 5.58453E-10
6.04E-03  2.42277E-10
—624E03 3.44199E-09
—174E02 & 47263E-09
-1 76E03 125580E-09
-120E02 179539E-09
-3.55E03 9.60849E-10
1.34E-03  1.51537E-09
-0 18E03 239960E-0%
1.77E03 2. 52206E-05
21E03 31893009
466E-03  6.43922E-09
-726E03 3.63222E-09
177TE02  574735E-00
SO8E02  075843E-09
153E01  1.00644E-08
288E-01  246216E-02
3P3E-0L 9.10313E-09
435E01  302905E-08
TOSEO1 23742408
TIBE01 84606502
BAAE-01 40671902
LODEHIO  1.40784E-08
9.85E-0L 1.63018E-02
940E-01  196799E-08
B30EO1  192302E-02
BOZE-01  126016E-02
STAEOL 62697702
SOIE-DL  9.65686E-09
40{E0L  2.49342E-0%
3A4E01 191763E-08
23AE01 265525E-08
147E01  1.45655E-08
TITE0Z  1.52807E-09
350E-02 3.16433E-09
-9.12E03 3.12278E-08
-119E02 & 44981E-09
TASEN3  110316E-09
—246E-04 228073E-09
STTE-D4 1.86719E-09
-723E04 1.25687E-09
-102E02 189229E-09
~TS1ED3 966814E-10
-0 54E03 11954702
199E-03  131203E-09
-B64E03 5.46749E-09
7.ITE04  2.28334E-09
—303E03 2 5772E-10
—451E03 5 6T715E-10
6 TOE-04 331904E-10
1.80E-03  7.48799E-10
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At Focal Point + 10cm_(with lens)...80+35

35, =
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0416
0417
0.4lg
0419
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0421
0422
0423
0.424
0425
0.426
0.427
0428
0.428
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0435
0436
0.437
04328
0439

0441
0442
0443
0444
0445
0.446
0.447
0448
0449
045

0.451
0.452
0453
0454
0.455
0456
0.457
0458
0459
0.46

0461
0462
0.463
0464
0465
0466
0.467

£ 10E-09
8 25E-09
1.72E-08
1.06E-02
9 22E.09
1.14E-09
2 52809
3 28E-08
149E-08
1.03E-08
—248E-03
1.44E-028
235E-08
248E-08
-832E08
-191E07
-251E07
—4 34807
— TZE07
-8 79E07
-935E07
—1 09E-06
—1 4606
—203E-06
-231E06
-234E06
—230E-06
—219E-06
—202E-06
-1 80E-06
-1 48E-06
-1.13E06
6 31E07
-4 72ZE07
—233E07
=1 36E-07
-6.44E-08
—223E08
9 JEE-09
—238E-08
—435E-09
-455E09
1.60E-02
-117E-08
-1 20E-08
5 07E-08
116E-08
294E-08
157E-08
3 03E-08
4 10E-09
3 80E-09
3.B0E-05

—261E-03
—353E-03
=736E-03
-4.33E-03
—395E-03%
—488E-04
1.08E-03
=1 41E-02
-6.36E-03
—441E-03
1.06E-02
—617E-0%
—1 01E-02
-1.06E-02
3.56E-02
& 1TE-02
1.07E-01
186E-01
2E2E01
3T7E0L
4.00E-01
462E01
A27E01
BAZEO1
9E9E01
1.00E+00
9 EAE01
S A0E-01
BASEOL
T0EO1
6.35E-01
436E-01
291E01
20ZE01
DORE-02
SR3E02
2.76E02
9.56E-03
—405E-0%
1.02E-02
186E-03
185E03
-6.83E-03
S03E-03
512E03
—217E-02
-4 96E-03
-1.26E-02
~%.00E-0%
—1 30E-02
—1 76E-0%
163E-03
-163E-03

1 1785TE-09
S01TE-0
L61611E-09
293578609
S90118E-09
6 96096E-10
1 14744E-09
9 7314RE-0%
3.436T6E-08
277451E-08
35156E-00
43006TE-0D
27323TE02
232188E-09
834254609
1 31773E-08
T 31218E-09
1 37293E-028
230325E-02
98733E-09
2.55123E-08
1 AO263E-08
27409202
2TFIAIE02
1.16276E-08
8.49737E-09
1 20499E-08
1 20552E-08
450555E-09
4.47493E08
S5.1139E-08
1.08766E-08
1 783TTE-08
111545028
T OTESIE-0D
1 22749E-08
165529E-09
6.53362E-09
4500T2E-09
21315309
1 58305E-09
4.12528E-09
1.00283E-09
1 13162E-09
1 27143E-09
6 34623E-09
29354RE-0%
S69811E-09
4.42084E-09
1 B5845E-08
621065E-10
6. 46042E-10
1.33736E-00

1 A0E-08
330E-09
1.28E-08
-1 4E02
1 49E.08
4 16E-08
421E-09
286E-08
2.47E-09
~367E-09
219E-08
—423E-09
—5035E-09
-1.11E-08
L73E-08
—422E.08
—1 43E.07
—3A6E-07
—f 8AE-0F
=-9.38E-07
~1.04E-06
—1 62E-06
-1 81E-06
—202E-06
—-2.39E-06
-235E-06
—224E.06
—203E-06
—1 92E-06
—1 37E-06
-1.19E-06
-0.58E-07
—731E07
-5 AZE07
—351E-07
-1 71E-0F
-8.36E-08
2.18E-08
2.84E.08
-1 82E-08
S58IE-10
-1.38E-09
LE7E-09
2 44F.08
1 79E-08
2.23E-08
-4 75E-09
2.06E-08
~1.26E-09
9 30E.0
1 02E-08
1 A2E-09
-4.29E-09

—6 69803 503701E-09
-1 59E03 161532E-09
=537E03 5.58453E-10
6.04E-03  2.42277E-10
—624E03 3.44199E-09
—174E02 & 47263E-09
-1 76E03 125580E-09
-120E02 179539E-09
-3.55E03 9.60849E-10
1.34E-03  1.51537E-09
-0 18E03 239960E-0%
1.77E03 2. 52206E-05
21E03 31893009
466E-03  6.43922E-09
-726E03 3.63222E-09
177TE02  574735E-00
SO8E02  075843E-09
153E01  1.00644E-08
288E-01  246216E-02
3P3E-0L 9.10313E-09
435E01  302905E-08
TOSEO1 23742408
TIBE01 84606502
BAAE-01 40671902
LODEHIO  1.40784E-08
9.85E-0L 1.63018E-02
940E-01  196799E-08
B30EO1  192302E-02
BOZE-01  126016E-02
STAEOL 62697702
SOIE-DL  9.65686E-09
40{E0L  2.49342E-0%
3A4E01 191763E-08
23AE01 265525E-08
147E01  1.45655E-08
TITE0Z  1.52807E-09
350E-02 3.16433E-09
-9.12E03 3.12278E-08
-119E02 & 44981E-09
TASEN3  110316E-09
—246E-04 228073E-09
STTE-D4 1.86719E-09
-723E04 1.25687E-09
-102E02 189229E-09
~TS1ED3 966814E-10
-0 54E03 11954702
199E-03  131203E-09
-B64E03 5.46749E-09
7.ITE04  2.28334E-09
—303E03 2 5772E-10
—451E03 5 6T715E-10
6 TOE-04 331904E-10
1.80E-03  7.48799E-10




From lab manual, equations (3), (4
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Beam intensity(at 25 cm from lens) vs position
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Normalized Gaussian profile beam intensity

Beam intensity(at 35cm from Lens) vs position
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Beam mntensity(at 40 cm from lens) vs position
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Beam mtensity vs position

‘ 1
g I 3
= .
1 ‘.I
g MERR
' *
E .
o A L
(ham *
=] Ild5 +* '
s see 050 : - -
o £} ! 5
H see +
‘w0 + .
(4] 1
R S * :
[1a} ' *
" 0 oo *
ﬂ = . =
5 Poe
" LY : *
g . i ’y 35
O * . * * +
Z . *’*’ + * E * - ¢¢¢ ¢’¢‘ ez
a-------- -*-»-,-*-- W ----- EREREEER o ORDLCEEE L B
-1 .
] ] ]
Ml 0 1x107%
-3 w25 235, 140 -3
1210 "m 1210 "m
AL

PMIT postion from beamn center, meters




o

e The radius of the beam waist of the

laser that we found, .57mm, was
approximately 6.5% off from the
expected value of .61mm

e Focal point of the beam calculated to
be 26.2cm instead of listed f of 25cm

o Difficulties In finding center of beam at
all positions, took much fine tuning of
mirror and lens positions
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Sources of system error:

1. Alignment of the optical system was not accurate? -

2. Human parallax in reading the micrometer and the
scale of the rail.

3. The pinhole didn't work properly; tape interfered
with readings and very difficult to align.

Sources of random error:

1. E_n;lironmental effect. (room light and particles in
air
2. The "pinhole"” program crashed randomly.

3. The PMT fluctuated, causing intensity readings to
vary (boiling noise)



~ Error Analysis
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« Photomultipliers used for measuring"
quantum dots

e Used Iin space for star mapping

o Particle accelerators, neutrino
detection

e Medical applications include detection
of diabetes and HIV in blood samples

e Environmental applications include
pollution detection
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e PHY 555 Lab Manual and Appendix E
e Wikipedia \
e Thorlabs.com
e Newport.com

o http://quarknet.fnal.gov/projects/pmt
/student/dynodes.shtml



