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AIM

Study of Photoelectric Effect by studying: -
i) Photocurrent versus intensity and wavelength of light;

ii) Maximum energy of photoelectrons versus frequency of light
iii) Planck’s Constant determination

APPRATUS REQUIRED

Photoelectric Setup
Vacuum Phototube
Light source

Different colour filters

THEORY

In the photoelectric effect, light strikes a material, causing eléctrons to be emitt . The classical wave model
predicted that as the intensity of incident light was increase&iﬁiﬁé-amplitude anc_i_,_it,_hﬁ'sif[:h';'éﬁergy of the wave
will also increase. This will then cause more energetic photoelé&ijd";rigto be emlttéii;fjhé new quantum theory,
however, predicted that higher frequency light wo,uﬂ‘broduce 'ngﬁérigngrgy photqj@ledrons, independent of
intensity, while increased intensity would only ipc"_réase the numbeé"&féyl\e‘i:tvrons:vem‘litted (or the photoelectric
current). In the early 1900’s several investigéfbrs_ ‘féu‘nd g!'ia‘t-"the klnetlcenergyof the photoelectrons was
dependent on the wavelength, or frequency, ahdjln_"déprendent of intensity,
photoelectric current, or number of g!@&r_ons was depeha'e‘rgt on thg;,_i[ifénsity
model. Einstein applied Planck’s thjétir"yfa'riqie)(plained tﬁe‘p!pég&;lg«;’;rié’effect in
using his famous equation, for. which he received the Nobel Prize jn 1921:
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while the magnitude of the
as predicted by the quantum
terms of the quantum model

E=hv=Kemg + W o (1)

Where, ‘Kemay is the maximiim. kineﬁ&'energy of the emitted photoelectrons
r ‘..‘1( 4 )

e them from the surface of the material (the work function) ‘¥’

is the
>flight knovg_;f'a_‘s photons
f}}.ﬂv

(2)

where, i
e = Electronic'charge (1.602 x 10™° ()
V2= Stopping potential corresponding to wave length 2

V1= Stopping potential corresponding to wave length 1
A; = Wavelenth 1 of coloured filter

A, = Wavelenth 2 of coloured filter
¢ = Velocity of light (3 x 10° m/s)

We know, KE o= hv - ¢

Also, KEna=€Vs

(3)




B. FOR INTENSITY vs. PHOTOCURRENT READINGS
switch on the apparatus and the light bulb such that the light is allowed to fall on the photocell.
Keeping the filter holder fixed at Ocm, adjust the distance between phototube and light source by
sliding the phototube.
3. Take down the readings for the position of the phototube using the scale and pointer provided and ~
also the corresponding photocurrent values from the microammeter.
Change the filters to get different wavelengths and repeat steps 2 and 3.
5. Plot the graph between intensity [which is proportional to 1/(d|stance)2] and photocurrent
Intensity measurement can also be done directly using a Lux meter (this i |s,o 't}onal and is provided on
request).
OBSERVATION TABLE
Wave length of Orange filter, , = 6110 x 107 #2% mg%
Wave length of Yellow filter, 5800 x 10'1° £2% mete

Wave length of Blue filter,
Charge of electron,
Velocity of light,

No.

Planck’s constant
‘W’ (x10Js)

Filters

6.706
(For Orange and
Yellow)
6.657

(For Yellow and
Blue)
6.673

(For Orange and
Blue)




TABLE 2: INTENSITY vs. PHOTOCURRENT

Distance between ‘0’ of scale and bulb filament =
Keep bulb voltage at maximum and current at 250 mA

8cm

L

’Em. Position | Position | Position of 1/r | Photocurrent (uA)
of Filter of phototube | (in cm?) | without filter | Orange Yellow Blue
Holder, | Phototu from
X(cm) be, Y filament,
(cm) r=(Y+8)
(cm)
1. 0 6 14 0.0051 3.24 0.68 1.42 2.24
2. 0 8 16 0.0039 2.78 0.58 1.18 1.76
3. 0 10 18 0.003 2.32 0.46 0.94 1.46
4. 0 12 20 0.0025 2.04 0.38 0.86 128 |
S. 0 15 23 0.0018 1.68 0.28 0.66 0.98
6. 0 17 25 0.0016 1.52 0.26 0.58 0.84
7. Q 18 26 0.0014 144 0.24 Q.54 Q.78
8. 0 20 28 0.0012 130 0.20 0.48 0.70
TABLE 3: INTENSITY vs. PHOTOCURRENT USING LUX METER
SLNo. | Position | Position of Position of - Intensity (Lux)
of Filter | Phototube, phototube from
Holder, Y (cm) filament, r=(Y+8)
X (cm) __“fam)
S ; No Filter Orange Green Blue
1 0 6 14 3720 1500 590 350
— 1 9 i LR
_ 2. 0 8. 16 2820 1260 510 320
3. 0 10 18 2180 910 390 250
4. 0 12 20 1920 810 320 220
5. 0 15 23 1520 670 280 180
A 17 25 1330 540 220 140
sV [ 140
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CALCULATIONS
1. TO FIND PLANCK’S CONSTANT:

For Orange and Yellow Filters (SI. No.1 & 2) from Table 1:

Using Eq. 2 we have,

ev2z-vi) A1z
c(A1-42)

h=

= 6237.088 x 10 /930 x 107 Js
Therefore, h=6.706x10"*Js
[Similarly do all calculations for data as shown in Table 1]
2. TO FIND MAXIMUM KINETIC ENERGY:
From eq. (3) we have,  KEnx =€[Vs]

For Orange Filter (6110A), KEma = 1.6x10°x:0.2:

For Blue Filter  (5240A), KEmax

RESULT

: ‘results, forPlanck’s Cdﬁ?ta‘h \Which are very near to the standard value of Planck’s

constant which is 6. 626 ’iﬂ 0

ey

above
Photoelectric Effect with the help of Photocell has been

Thus,

'wa coml_ude that th”gﬁ;rlment’ uslng
d. y

ITEMS QUANTITY
1 Planck’s Constant Setup 01
2 Black Box contalnlgnghotocell and Filter Holder 01
3 Light Source 01
4 Coloured Filters 03
5 Patch Cords (2mm-4mm) 02
7 Manual 01




