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Relazioni	caratteristiche	dell’effetto	fotoelettrico

•Solo	luce	con	frequenza	>		frequenza di	soglia produce	una	corrente
•La	corrente	è	attivata	in	tempi	<	10-6 s
•L’azione	“puntuale”	della	luce	incidente
•Proporzionalita’ tra	corrente	e	intensità	luminosa	incidente
•Il	potenziale	di	arresto è	proporzionale	alla	frequenza	della	luce	incidente

Frequenza	
fissata

Incoerente	con	la	Fisica	Classica	!!!

Millikan, R. A., «A Direct Photoelectric Determination of Planck’s  h», Phys. Rev. 7, n. 3 (1916)355-388, 
https://journals.aps.org/pr/abstract/10.1103/PhysRev.7.355

,

https://journals.aps.org/pr/abstract/10.1103/PhysRev.7.355


L’idea di	Einstein

Nel 1905		Albert	Einstein		assunse l’ipotesi di	Planck		che la	
radiazione incidente è costituita da	pacchetti (“quanti”)	di	energia

E=		hv
dove	v	 e`	la	frequenza e	h e`	una costante (costante di	Planck).	
Nella fotoemissione,	uno di	questi quanti di	energia viene assorbito da	
un	elettrone del	fotocatodo,	ed emesso con	energia

E =	hv –W
dove		l’energia minima	necessaria ad	estrarre l’elettrone,		chiamata
“lavoro di	estrazione “,		si è indicata con	W.	



h = 6.626 069 57(29)  x 10-34   J s 

Catodo

Elettroni

Luce

(frequenza > soglia fotoelettrica)
E =	h	n –W

DVF = −eE

E

Affinché l’elettrone emesso riesca a raggiungere l’anodo a potenziale di arrresto pari a 
- DV,  rispetto al catodo emettitore,   deve possedere una energia a   E =  e  DV. 

E

e DV =	E =	h	n –W

Potenziale
di	arresto

DV =	h/e		n –W/e

Energia cinetica massima 
posseduta dall’elettrone 
all’uscita dal catodo

Analogia con una 
massa pesante inizialmente posta  
in una buca 
e lanciata con una certa velocità
Per superare una rampa 



Fotocellula



Metodo della emissione da	LED

Measuring Planck’s constant with LEDs

Prof. Kevin Range

CHEM321: Physical Chemistry II

Planck’s constant (h) is of fundamental importance in quantum mechanics. Indeed, virtually
every equation in this class involves Planck’s constant in some fashion. Therefore, knowing the
value of h in SI units is of fundamental importance to the practice of quantum mechanics.

In this experiment your goal is to measure Planck’s constant using a collection of light emitting
diodes (LEDs). You will have two weeks in which to build and perform this experiment. Your
report is due at the beginning of lab on 2007-01-30.

1 The energy of a photon

Each of the various LED’s available to you emits photons of di↵erent frequencies. The color we
perceive when observing a given LED is related to the frequency of the maximum intensity in this
spectrum. Thus, a red LED might show a peak at around 650nm, while a blue LED might have its
peak around 470nm. The energy of a particular photon is given by

E = h⌫ (1)

Therefore, if we know the frequency of the photons (⌫) coming from an LED, we can find their
energy using Eq. 1

2 How LEDs work

So, how does an LED produce photons? And how is it di↵erent LEDs produce di↵erent photons?

Figure 1: A diode - Modified from
http://en.wikipedia.org/wiki/Image:

PN_Junction_Open_Circuited.svg

LEDs are semiconductor devices. Nearly all such
devices are constructed from arrangements of doped
semiconductor materials. It is the geometry and elec-
tronic structure of these doped regions that gives a
particular device its operational characteristics. In the
case of an LED, p-type and n-type semiconductors are
arranged as shown in Figure 1.

N-type semiconductor is doped with atoms with
more valence electrons than the undoped material. P-
type semiconductor is doped with atoms with fewer
valence electrons than the undoped material. For example, if silicon is doped with aluminum you
get a p-type semiconductor. If silicon is doped with phosphorous you get n-type. N-type semicon-
ductors are “electron rich”, while p-type semiconductors are “hole rich”. Holes are simply empty
orbitals. It is the movement of electrons (and holes) that is controlled by a semiconductor device.

There are two ways you can hook up a diode: forward biased or reverse biased. In the reverse
bias configuration the p-type side is connected to negative voltage and the n-type side to positive.
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When reverse biased the electrons in the n-type region are attracted to the positive potential away
from the junction while the holes are attracted by the negative potential away from the junction
(see bottom of Figure 2).

Figure 2: Forward bias (top) and reverse bias (bottom) http://static.howstuffworks.com/gif/
led-depletion.gif

In the forward biased configuration the p-type side is connected to positive voltage and the
n-type side to negative. When forward biased the electrons in the n-type region are repelled from
by the negative potential towards the junction while the holes are repelled by the positive potential
towards the junction. At the junction the holes and electrons meet and current flows (see top of
Figure 2). In certain cases the energy of this recombination of electrons and holes is released as
light energy. Then you have a light emitting diode.

3 Band gap and photon energy

So, how much energy is released/does it take to recombine these electrons and holes? Well, one way
to measure it is by Eq. 1; measure the frequency/wavelength of the photons and multiply by h to
get E. But the purpose of this experiment is to measure h; so Eq. 1 in a sense has two unknowns:
E and h.

When we have two unknowns we need two equations. Therefore we need another relationship
here. That relationship is the band gap. The property that gives semiconductors their name is
their band gap. The band gap is essentially the energy di↵erence between the highest occupied
orbital, AKA the valence band, (where the electrons live) and the lowest unoccupied orbital, AKA
the conduction band (the holes). In a conductor the band gap is very small/zero; electrons move
through the conduction band freely. In an insulator the band gap is very large; it takes a lot of
energy (i.e., voltage di↵erence) to put electrons up in the conduction band. A semiconductor has a
small band gap.
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calibration of the generator, which is capable to reset the 
measure of the micro ammeter. 

Then the experimental value of h is compared to the 
one present in the scientific literature. 

2. Experimental Design 

2.1. Principle 
LIGHT EMITTING DIODES (LEDS) METHOD 

One of the methods to measure the Planck constant is to 
derive the voltage-current characteristic curve for a series 
of different color LEDs. 

The method uses the energy emitted when a photon is 
produced as shown in Figure 1 

 

Figure 1. The current -voltage curve for a typical LED 

 

Figure 2. The current -voltage curve for a typical LED 

The diode LED, as all the diodes, is a semiconductor 
device [2], which behaves as a bulb lighting up when 
connected to a voltage generator. LED’s emit light only 
when the voltage is forward biased and above a minimum 
threshold value. Above the threshold, value the current 
increases exponentially with voltage. The radiated energy 
can derive experimentally from the characteristic curve of 
the diode. Therefore, we can observe that each LED is a 
"non-ohmic conductor", because the voltage-current 
relation does not follow Ohm's law of direct 
proportionality. 

Figure 2 shows the characteristic curve of a LED. As 
can be seen from the figure up to a certain voltage value 
(V<Vg) the LED does not conduct, then for higher 
voltages (V>Vg) the LED begins to conduct and to emit 
light. To determine the value of Vg is necessary to make a 

linear fit of the linear part of the curve and calculate the 
point where this line intercepts the x-axis. We obtain a 
value of voltage (Vg) which, multiplied by the electron 
charge (e = 1.602x10-19 C), gives us precisely the energy 
of the emitted photons (Eg = eVg). 

The equation of the linear part obtained using Excel is: 

   �F FI mV n  (eq.2) 

With the calculation performed with Excel software, we 
can determine the experimental value of Planck's constant. 
Starting from 
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Given that 

 Q gE h  

And all the same time 

   g gE qV  

we determine 

   ( ) /O h q cgV  (eq. 3) 

Where we recognize that /O c  is just the inverse of the 
frequency of the emitted photon, h is the Planck’s 
constant, q is the charge of the electron and Vg is the turn-
off voltage of the LED [3]. 
PHOTOELECTRIC EFFECT METHOD 

Using a particular device (photo emissive surface K), 
the interpretation of the photoelectric effect is based on a 
very simple and intuitive relation: 

 �  i e E K$  (eq. 4) 

where Ei is the energy of the incident photon, L the 
extraction work of the electron from the metal and   Ke the 
kinetic energy of the electron released. 

This relation, explaining the magnitudes, can be 
rewritten in the following way: 

 �  b ehȞ eV K  (eq. 5) 

At this point, by applying a d.d.p. as to have the polarities 
UHYHUVHG�� FDWKRGH�ĺ� VXUIDFH� SKRWRHPLVVLRQ� FDWKRGH� DQG�
DQRGH�ĺ� FROOHFWRU�� WKH� Hlectrons are clearly slowed and, 
acting on the micro ammeter potentiometer, you can go up 
to block the emitted electron flow (current). This d.d.p. 
takes the name of potential stop (Va), and then Eq. 4 
becomes: 

DIODO

Struttura a	Bande di	un	semi	conduttore



Tipo LED lmax (nm) Dl/2 (nm) f (x1014 Hz) Df/2 (x1014Hz)

Infrarosso 938.9 23.8 3.195 0.081

Rosso 667.6 11.8 4.494 0.080

Arancio 612.4 18.4 4.899 0.147

Giallo 590.0 14.7 5.085 0.127

Verde 568.1 16.1 5.281 0.150

Blù 460.2 29.4 6.519 0.416

Bande di emissione tipiche
Con LED commerciali



Dopo	aver	selezionato	la	lunghezza	d’onda	della	luce	che	si	vuole	analizzare,	con	il	voltmetro	
applichiamo	una	ddp ritardante,	cioè	negativa	in	modo	da	ottenere	sul	display	
dell’amperometro	un’intensità	di	corrente	nulla	(entro	gli	errori	sperimentali).
Applichiamo	ripetutamente		lo	stesso	procedimento	per	altre	lunghezze	d’onda	per	poi	
tracciare	un	grafico	avente	sull’ascissa	la	frequenza	e	sull’ordinata	la	ddp.

Dove	il	termine	noto	dell’equazione	della	retta	
rappresenta	la	frequenza	di	soglia	della	lastra	
metallica	dalla	quale	si	estraggono	gli	elettroni,	
mentre	il	coefficiente	angolare	m*	rappresenta	il	
rapporto	h/e,	quindi	h=m*e.

V = (h/e) n - (W/e)
Questa è l’ equazione rappresenta di  una retta:

-h/e è il coefficiente angolare
-W/e è lo zero della funzione

y	=	0,0026x	- 1,1206
R²	=	0,99914

Volt(V)

Frequenza(THz)

Procedura sperimentale



Err#ass.#su#λ# =10#A#
Err#ass.#su#λ# 1,00E.09#metri#
errore#rela6vo#sulla#frequenza#uguale#all'errore#rela6vo#su#lamda##
ΔV## =0,02#volt#

y = 0,2496x - 0,9917 
R² = 0,98031 

0,00 

0,10 

0,20 

0,30 

0,40 

0,50 

0,60 

0,70 

0,80 

4,0000 4,5000 5,0000 5,5000 6,0000 6,5000 7,0000 

h/e=% 2,496E,15%
e=% 1,602E,19%
h=% 3,99859E,34%=4,00%E,34%

C=# 299.792.458#m/s#

� (A)#   �(m)# err relat  su�#frequenza f# f  * 10^14# err. Ass su f# �V# err ass su �V#
6200# 6,20E-07# 1,61E-03# 4,835E+14# 4,8354% 0,01% 0,24# 0,02#
6000# 6,00E-07# 1,67E-03# 4,997E+14# 4,9965% 0,01% 0,27# 0,02#
5800# 5,80E-07# 1,72E-03# 5,169E+14# 5,1688% 0,01% 0,28# 0,02#
5600# 5,60E-07# 1,79E-03# 5,353E+14# 5,3534% 0,01% 0,33# 0,02#
5400# 5,40E-07# 1,85E-03# 5,552E+14# 5,5517% 0,01% 0,38# 0,02#
5200# 5,20E-07# 1,92E-03# 5,765E+14# 5,7652% 0,01% 0,43# 0,02#
5000# 5,00E-07# 2,00E-03# 5,996E+14# 5,9958% 0,01% 0,49# 0,02#
4800# 4,80E-07# 2,08E-03# 6,246E+14# 6,2457% 0,01% 0,60# 0,02#
4600# 4,60E-07# 2,17E-03# 6,517E+14# 6,5172% 0,01% 0,67# 0,02#
4400# 4,40E-07# 2,27E-03# 6,813E+14# 6,8135% 0,02% 0,69# 0,02#

media %

Esempio di	Misura



y = 7E-34x - 1E-20y = 7E-34x - 1E-20

3,2E-19

3,4E-19

3,6E-19

3,8E-19

4E-19

4,2E-19

4,4E-19

4,5E+14 5E+14 5,5E+14 6E+14 6,5E+14

Titolo del grafico

Serie1 Lineare (Ser ie1) Lineare (Ser ie1) Lineare (Ser ie1)

lambda nm 10^-3 V f E E+F
611 67 4,90655E+14 1,07347E-20 3,31175E-19
588 103 5,09847E+14 1,65027E-20 3,36943E-19
525 451 5,71029E+14 7,22592E-20 3,92699E-19
505 509 5,93644E+14 8,1552E-20 4,01992E-19
472 661 6,35148E+14 1,05905E-19 4,26345E-19

Rappresentazione in energia 

f = 1/lambda Hz 
E = e V = 1,6022 *10^(-19)*10^(-3 ) V  J
F = 2*  1,6022 *10^(-19)  J





Misura della costante di Planck con il metodo del «ginocchio»

hn = eVdiodo + cost 

eVd = hn + Q 

n = (e/h ) Vd + cost 

Q: calore, altre transizioni non luminose

Vd: d.d.p. effettivamente applicata alla giunzione PN 

Vd = Vdiodo - Rs Id

GaAs1-x Px 

1.43 eV per x=0 
2.26 eV per x=1; 

l(µm) » hc/Eg » 1.24/Eg(eV) 

» 850 a » 550 nm 

Si possono usare queste formule 
per ottenere h da misure di Vd



e/h = 2.418×1014 s-1V-1.

e/h = 2.418×1014 s-1V-1.

h /e = (3.99 ± 0.22) × 10-15 V s 

h = (6.39 ± 0.35) × 10-34 J s.

e = 1.6021 × 10-19 Coulomb 
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V	(V) A	(mA) V	(V) A	(mA) V	(V) A	(mA)
0 0 0,64 0 1,558 0
2,5 0,15 1,57 0,1 1,6 0,001
2,6 0,5 1,7 0,2 1,65 0,002
2,7 1 1,73 0,3 1,7 0,006
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1,79 0,8 1,9 0,434
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V	(V)	soglia Lambda	nm 1/lambda
1,78 625 1600000
1,8 568 1760563,4
2,5 455 2197802,2

e= 1,602E-19
m= 1,2879E-06
h= 6,87739E-34
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Relazione lineare tra
V_soglia e n 
Vedi p. 11
  


