- ISE-)st-IGCSE Physics Course:
Experimental Physics using
Data Loggers and Computers
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Experimental setup

PASCO light
sensor
(with black tape

: Diffraction
covering and

grating

/ Windows PC running
Switch CAPSTONE software
for laser

Laser on PASCO
turntable USB hub




2V DC power
supply for
potential divider
which enables
rotation angle of
laser and grating
to be measured

PASCO light
sensor

(with black tape
covering and
pinhole)

L\

Laser on
turntable.
Turntable is

. mounted on

| a potentiometer.

This was removed for several experiments to allow in more light



2%

Laser beam will be :
diffracted by the grating. & 3§ » <

Turning the turntable 7 TN N /
enables one to measure g’ g -

the light intensity vs angle

from normal to grating.



Black tape covering light sensor
aperture with pinhole




Rotate laser mounting to enable
light sensor to ‘scan’ diffraction pattern
(i.e. light intensity vs angle)




The small aperture did not absorb sufficient light at modest angles from normal

incidence. The cap and tape were removed, and the sensor was placed at an N
appropriate distance such that the distances between the main lobes would be LA
greater than the width of the light sensor iﬁ
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100

\iney/ mm

Diffraction grating: 100, 300 or 600 lines per mm
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CAPSTONE recordings of turntable voltage vs light level

File  Edit

A e
EﬁD Page #1 ¥

[Table title here]

¥ Run #6 Y Run #6

H-gft'-:-: re Time Light Level Voltage
(s) {1 {v)

155.000 0.120163 0.88032
Data
S ummary 155.200 0.140182 0.88932

155.400 0.140182 0.85419

155.600 0.180237 0.89906

155.800 0.160217 0.90393

Calculator 156.000 0.240326 0.90393

Light Lewvel (Ix)

9]

156.200 1.241684 0.50880

156.400 4.345886 0.90880

156.600 50.945097 0.91367

156.800 95.529556 0.92828
157.000 98.473541 0.93802

157.200 99.755280 0.594289

157.400 100.756638 0.95263

157.600 99.695206 0.95263 0.90 005 1.00

157.800 89.341156 0.95263 Voltage (V)

158.000 69.794847 0.94776

Graph title h
O[ rapl e here]

Q

Controls X

@ - 02:38.00 SPARKlink Voltage Sensorw | 5.00 Hz o -

Record Continuous Mode Ready C, ore Delete Last Run

Principal maxima of diffraction pattern plus secondary lobes.
(600 lines per mm grating)



Calibration — determining the voltage vs angle of turn relationship

Diffraction pattern experiment. Winchester College. Laboratory P6. Dr Andre French & Matthew Chapman. 12/5/2017.

Turntable is held for about 10s in each of the (marked) 45 degree positions.

Calibration of laser turntable mounted on a potentiometer. DC supply is about 2V.

Time (s) |Voltage (V)
0 1.81462
0.5 1.80975
1 1.81462
1.5 1.80975
2 1.80975
2.5 1.80975
2 1.80975
3.5 1.80975
4 1.80975
4.5 1.80975
5 1.80975
5.5 1.80975
6 1.80975
6.5 1.80975
7 1.81462
7.5 1.81462
8 1.81462
8.5 1.81462
9 1.81462
9.5 1.81462
10 1.81462
10.5 1.81462
11 1.53703
11.5 1.40067
12 1.41041
12.5 1.41528
13 1.42015
13.5 1.42502
14 1.42015
14.5 1.42015
15 1.41528
15.5 1.41528
16 1.41528
16.5 1.42015
17 1.41528
17.5 1.41528
18 1.41528
18.5 1.41528
19 1.41528
19.5 1.41528

Voltage /volts

Voltage (V) vs time for laser turntable placed in position for about 10s
as 45 degree intervals
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Time /s

Angle Voltage
/degrees |/volts

90 1.8

45 1.4

0 1.08

-45 0.75

-90 0.44

-135 0.086

Angle vs voltage calibration
150

100 y=133.52x- 146.14

50

Angle /degrees

-50

-100

-150
Voltage /volts

0/ deg =133.52x(V / volts) - 146.14

Voltage to angle calibration




100 lines /mm is a slit spacing of 10,000nm. For red light of wavelength 650nm

this means a spacing of about 15.4 wavelengths.

Grating Fraunhofer far field diffraction
A =650nm, s=1541, w=3A, N=20

Number
of slits

20

-

Slit spacing
/wavelength

15.4

-

<Student Version> : diffractor
1 ;
/!
g 0.8 |
o 1
[0 E g
= 0. :
2 I
K I
8 04p
TEU |
5 0.2
Z | !
0 '——:ﬁL ,"ﬂ\ 4
-50 0
0°
Wavelength /nm
Speed of light /ms”-1
Frequency /THz
Save PNG| dB

299800000

461.2308

-

-

FRAUNHOFER DIFFRACTOR by A. French 2016

Slit width
/wavelength

E=Boy ==

3

e

This is a guess!

Although partially
based upon what
was observed

i.e. the overall
envelope of the
diffraction pattern

-

MATLAB model of expected diffraction pattern vs angle. Note due to the large number
of lines in the grating (probably more than 10 in the beam), one expects each maxima to be

sharper than ind

icated here.



Expect main lobes when:

2 =sinl(ﬂj
d

Ao
d 154
~6=0°37°75°

11.2°,15.1°,18.9°
22.9°,27.0°,31.3°,35.87,40.5°
45.6°,51.2°,57.6°,65.4°,76.9°

Unlikely individual peaks
will be resolved by lux sensor

Incident plane

waves

o |~

Thin slit A
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Thin slit B

Aperture

(in this case an
opaque wall with
two infinitesimally
thin slits)

V



Diffraction pattern for grating with 100 lines per mm. Red laser light
(650nm)
1600

1400 %js.
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300 lines /mm is a slit spacing of 3330nm. For red light of wavelength 650nm
this means a spacing of about 5.1 wavelengths.

Bl <Student Version= : diffractor E [=] @
Grating Fraunhofer far field diffraction Number  Slit spacing  Slit width
A =650nm. s=51L w=3L N =20 of slits /wavelength /wavelength
1 ; it ' 20 5.1 3
: I . R N N
2 0.8 R :
o || |
@ |
= 0. R — :
z 2k
B e
04 :
c—g \
L S o e :
Z , I .
0 RN W W U .
-50 0 50
0°
Wavelength /nm 650
Speed of light /ms*-1 299800000
Frequency /THz 461.2308 = = .
Save .PNG \ \ dB \ FRAUNHOFER DIFFRACTOR by A. French 2016

MATLAB model of expected diffraction pattern vs angle. Note due to the large number
of lines in the grating (probably more than 10 in the beam), one expects each maxima to be
sharper than indicated here.



Expect main lobes when:

6 =sin™ n
d

A1

d 5.1
~.0=0°11.3° 23.1°
36.0°,51.7°, 78.6°

Incident plane

waves
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Thin slit B

Aperture

(in this case an
opaque wall with
two infinitesimally
thin slits)
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Time (s) |Light Level (Ix) |Voltage (V) |Angle /degrees
0 30.481339 1.0549 -5.289752
0.2 633.118652 1.08412 -1.3882976
0.4 1285.94397 1.09873 0.5624296
0.6 27.577393 1.11334 2.5131568
0.8 158.274658 1.17178 10.3160656
1 147.159576 1.16204 9.0155808
1.2 138.768204 1.15717 8.3653384
1.4 158.47493 1.16691 9.6658232
1.6 100.516312 1.16204 9.0155808
1.8 110.029221 1.16691 9.6658232
2 84.234238 1.16691 9.6658232
2.2 87.118149 1.16204 9.0155808
2.4 80.529205 1.15717 8.3653384
2.6 82.732193 1.15717 8.3653384
2.8 96.250534 1.16204 9.0155808
3 76.964371 1.16691 9.6658232
3.2 28.078079 1.15717 8.3653384
3.4 28.378479 1.1523 7.715096
3.6 76.764099 1.16204 9.0155808
3.8 82.772247 1.16204 9.0155808
4 87.03804 1.15717 8.3653384
4.2 95.509521 1.15717 8.3653384
4.4 53.292267 1.15717 8.3653384
4.6 65.428726 1.15717 8.3653384
4.8 69.574356 1.15717 8.3653384
5 73.119156 1.16204 9.0155808
5.2 72.838776 1.16204 9.0155808
5.4 73.179245 1.16204 9.0155808
5.6 54.473877 1.15717 8.3653384
5.8 16.101837 1.1523 7.715096
6 252.682693 1.13769 5.7643688
6.2 473.88269 1.12795 4.463884
6.4 390.189178 1.12308 3.8136416
6.6 1320.130371 |[1.11334 2.5131568
6.8 1494266479 |1.10847 1.8629144
7 1400.279053 |1.10847 1.8629144
7.2 1318.888672 |1.10847 1.8629144
7.4 1399.538086 |1.1036 1.212672
7.6 1432.803101 |1.1036 1.212672
7.8 1437.5896 1.10847 1.8629144
2 1419 545166 |1 10847 1 2R79144

-40

Diffraction pattern for grating with 300 lines per mm. Red laser light

(650nm)
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0
-30 -20 -10

0
Angle /deg

Lobes at
around 11° as
predicted.

The lobes at higher
angles were too
small to measure, or
possibly reduced by
the aperture
envelope (a slit width
of about 3
wavelengths was
guessed).

10 20 30 40



600 lines /mm is a slit spacing of 1667nm. For red light of wavelength 650nm
this means a spacing of about 2.6 wavelengths.

Bl <Student Version= : diffractor E [=] @
Grating Fraunhofer far field diffraction Number  Slit spacing  Slit width
A =650nm. s=26%L w=3L N=20 of slits /wavelength /wavelength
1 ; T - 20 2.6 3
: / : - N .
2 0.8 s A [ 1
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Wavelength /nm 650
Speed of light /ms*-1 299800000
Frequency /THz 461.2308 = = .
Save .PNG \ \ dB \ FRAUNHOFER DIFFRACTOR by A. French 2016

MATLAB model of expected diffraction pattern vs angle. Note due to the large number

of lines in the grating (probably more than 10 in the beam), one expects each maxima to be
sharper than indicated here.



Expect main lobes when:
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Diffraction pattern for grating with 600 lines per mm. Red laser light

(650nm)
2000
1800
I! °
1600
1400 -
3 1200 ¢
£ 1000 ' . Lobes at
~° around 23° as
800 predicted.
1.
%0 "L The 50° lobes
N were too small to
W measure
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Diffraction pattern for 100 lines/mm grating
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Diffraction pattern for 300 lines/mm grating
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Fraunhofer model -y
+
+
A =650nm
: 7+
Number of slits = 10 L
Slit width = 3.5 A 1+

. Slit spacing =5.1 A

Note:
Slit width ‘guessed’ to endeavour to _
fit measured pattern.




Normalized diffraction pattern power
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Diffraction pattern for 600 lines/mm grating
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