Title: Measuring Planck's Constant Lab
Date: Oct 23, 2010 01:00 PM

URL.: http://pirsa.org/10100102
Abstract:

Pirsa: 10100102 Page 1/281



» Putan LED in series with 3 V and a resistor.

» Measure the potential drop across the LED.
* GraphV vs. h.
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The Results

Measuring h (4.136) with LED's

Simple Version
V=0.443f-0.266
RZ=0.856
error of +7%

Potential Difference (V)

irsa: 10100102 350 4040 450

Freguency (x 10714 Hz)

Turn-on Version
V=0.449f- 0.615
RZ=0.93
error of +8.6%
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Potential Difference (V)

The Results

Measuring h (4.136) with LED's

Simple Version
V=0.443f-0.266
R%2=0.856
error of +7%
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Turn-on Version
V=0.449f- 0.615
RZ=0.93
error of +8.6%
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The Results

Measuring h (0.4136) with LED's

Simple Version 5
V=0.443f-0.266 o g .
- R2=0.856
3_' error of +7%
; 3_.--'.".' — Turn-on Version
S A V =0.449f- 0.615
Tl R#=0.93

error of +8.6%

“How do the statistics compare? =



The Results

Measuring h (0.4136) with LED's

Simple Version
v=0.443f-0266 =«

- R4=0.856 d

: error of +7%

; . _-'."." = ~ Turn-on Version

s A, V =0.449f-0.615

R2=0.93

error of +8.6%

Hhe values for h are similar.
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The Results

Measuring h (0.4136) with LED’s

Simple Version
V=0.443f-0.266

R2=0.856

error of +7%

Potential Difference (V)

THre simple data has

Turn-on Version
V=0.449f- 0.615

R2=0.93

error of +8.6%

more spread. -



The Results

Measuring h (0.4136) with LED’s

Simple Version Pl
v=0.443f-0.266 '_’_,-- a
S R?*=0.856 |
% error of +7%
; i P o~ Turn-on Version
2 -~ . V=0.449f- 0.615
i R*=0.93

error of +8.6%

Fhe simple voltages are higher.
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The Results

Measuring h (0.4136) with LED’s

Simple Version e
v=0.443f-0.266 '_!_,-- al
S R2=0.856
% error of +7%
; . P '_._. Turn-on Version
£ i V=0.449f-0.615
' R%=0.93

error of +8.6%

Fhe simple voltages are higher.
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Why Does it Work?

e |t will not work without a resistor. The
potential drop of the LED will be close
to3 V for all LEDs.

* |t will not work if the resistoris too big.
The higher frequency LEDs won’t have
enough energy to turn on.

* |t works if the resistoris somewhere
from 10 to 1000 2.

00000000



Pirsa:

Why Does it Work?

* |t will not work without a resistor. The
potential drop of the LED will be close
to3 V for all LEDs.

* It will not work if the resistor is too big.
The higher frequency LEDs won’t have
enough energy to turn on.

* |t works if the resistoris somewhere
from 10 to 1000 €.

00000000



Pirsa:

Why Does it Work?

* |t will not work without a resistor. The
potential drop of the LED will be close
to3 V for all LEDs.

* It will not work if the resistoris too big.
The higher frequency LEDs won’t have
enough energy to turn on.

* |t works if the resistoris somewhere
from 10 to 1000 €.

00000000



Why Does it Work?

* The LEDs in this experiment have a larger
potential drop than the LEDs in the Pl |ab.

* These LEDs are running at their peak voltage.
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Why Does it Work?

* The LEDs will run at their peak
voltage if an appropriate resistor is
provided.

* The resistor uses up the excess
energy.
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Why Does it Work?

* The LEDs will run at their peak
voltage if an appropriate resistor is
provided.

* The resistor uses up the excess
energy.
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What are the advantages of this
version of the lab?

What are the disadvantages?
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Ohm’s Law and Planck’s
Constant
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PEOE: (Predict, Explain, Observe, Explain)

* An LED is attached to a variable power supply. The
voltage will be slowly increased from zero. What will
you see?
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* An LED is attached to a variable power supply. The
voltage will be slowly increased from zero. What will

you see’?
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Fotentall Liflere

Infrared (880 nm) LED

CurrentimA)

40
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Infrared (880 nm) LED

A1

Currenti{mA)

This is very different from Ohm’s Law.

irsa: 10100102
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Fotentall DiMerence (V)

Infrared (880 nm) LED

*w

Current (mA)
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Infrared (880 nm) LED

Fotentall Diterence (V)

40
CurrentimA)

If the LED voltage is less than the threshold
veltage, no current flows and no light is emitteg--




Ohm’s Law

* Canuse the LED lab as an application of Ohm’s Law
* The resistor value can be determined by
R V.S o VL
/

Vs = supply voltage
V|, = voltage needed to light LED



PEOE:
How will a graph of a yellow LED compare to
an infrared LED?
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Yellow (590 nm) LED

+0'

I -

*e F Y

Infrared (880 nm) LED
—___'_.—.4--—-'-'—.—"."-4

0 '
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30

Current (mA)

The yellow LED
needs a higher
voltage than
the infrared
LED.



Each LED will only produce a certain colour and
each colour requires a certain minimum energy.
This is very similar to atomic spectra. Energy
comes in chunks in quantum physics.

Emission Line Spectrum
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Emission Line Spectrum

» Each line is emitted by a unique energy transition of
electrons in an atom

» Similar physics happens in a LED

irsa: 10100102 Page 71/281



“Subversive” Physics

If your curriculum has no quantum physics in it:
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* Where could you fit the LED lab in?
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If your curriculum has no quantum physics in it:
* Where could you fit the LED lab in?

* |f your curriculum has quantum physics, but
not until grade 12, where could you fit it in
earlier?
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“Subversive” Physics

If your curriculum has no quantum physics in it:
* Where could you fit the LED lab in?

* |f your curriculum has quantum physics, but
not until grade 12, where could you fit it in
earlier?

*-.¥Mould you do this? Why or why not?



Possibility?
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Possibility?

* Relate the wavelength to the differencesin
Bohr energy levels from chemistry class?
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Possibility?

* Relate the wavelength to the differencesin
Bohr energy levels from chemistry class?

* The physics at the atomic scale is different
than at macroscopic scales (give’em quantum
anyway!
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Possibility?

Infrared (880 nm) LED
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Circuits and energy

conservation?

irsa: 10100102

Possibility?

Infrared (880 nm) LED
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Circuits and energy

conservation?

More current, more
light (up to a point) '
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Possibility?

Infrared (880 nm) LED

I |I|' &1V
*

W

o
Ty

Fotentall D fer e

Page 81/281




Possibility?

Circuits and energy
conservation?

More current, more
light (up to a point)

E.oom = Eres

— + T
SUpply resistance EL;'_

irsa: 10100102

Infrared (880 nm) LED
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Possibility?

Circuits and energy
conservation?

More current, more
light (up to a point)

E =E

supply + ELED

resistance

With Watt's Law & CBL
spectrometer, can
relate intensity to

electrical energy

Hll_]ll &Y

Infrared (880 nm) LED

[

—

[ = |
[=1]

Potentall Direr

Page 83/281




LED Lab v 3

Infrared (880 nm) LED * Athird way to do the
lab is to use the

/P—A intercept of the linear

| o portion as the voltage

,_;
R required to create the

light.

4
»

| V=0.00331+1.101/7
| R2=0.9637




LED Lab v 3

Infrared (880 nm) LED

V=0.00331+1.1017

R%=0.9637

* Athird way to do the
labis to use the
intercept of the linear
portion as the voltage
required to create the
light.

e The y-intercept implies
that the minimum
energy to make the LED
emitis 1.1 eV



Using Planck’s Law, how much energy IS needed
to make the LED work?
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Using Planck’s Law, how much energy IS needed
to make the LED work?

E_x=
A
I 414x10 eV esx3.00x10°m/s

880x 10" m
E=14leV
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What are the advantages of doing this version?
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LED Lab v 3

Infrared (880 nm) LED

—~

%4

-

-

I
I
»
.

V=0.00331+1.1017

R%=0.9637

* A third way to do the
labis to use the
intercept of the linear
portion as the voltage
required to create the

light.

e The y-intercept implies
that the minimum
energy to make the LED
emitis 1.1 eV



Using Planck’s Law, how much energy IS needed
to make the LED work?
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What are the advantages of doing this version?
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Why doesn’t “it” work “better”?

* Experimental design
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Why doesn’t “it” work “better”?

» Experimental design

* . Achance to teach them about
experimental errorvs. experimenters error!
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Why doesn’t “it” work “better”?
(Answered)
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Why doesn’t “it” work “better”?
(Answered)

» LEDs don’t emit a single wavelength
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Why doesn’t “it” work “better”?
(Answered)

* LEDsdon’t emit a single wavelength

* Arangeis emitted with the brightest .
reported in the specs
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Why doesn’t “it” work “better”?
(Answered)

» LEDs don’t emit a single wavelength

* Arangeis emitted with the brightest .
reportedin the specs

» Different materials will give different ranges

Pirsa: 10100102



GaAs LED

-

(ODL 50)

GalnAs RCLED

S nm
R

Pirsa: 10100102

900

Wavelength A (nm)

Fig. 15.6. Companison of the
emission spectra of a GaAs
LED emitting at 870 nm
(AT&T ODL 50 product) and
a GalnAs RCLED emitting
at 930 nm (after Hunt er al..
1993).
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Evaluation of Lab v 3

Infrared (880 nm) LED

p—

V=0.00331+1.1017
R2=0.9637

Pirsa: 1010010,

e E=hf predicts 1.41 eV



Evaluation of Lab v 3

Infrared (380 nm) LED * E=hf predicts 1.41 eV

-
|3

|
e } * Datasay 1.1eV
|

V=0.00331+1.1017
R2=0.9637

Pirsa: 10100102
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