Instruction Manual

Photoelectric Effect Apparatus

Equipment List
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d

Included Equipment
. Mereury Light Source Enclosure
. Track, B0 cm

1
2
3. Photodiode Enclosure

4. Mercury Light Source Power Supply
5

B

. DC Current Amplifier
. Tunable DC (Constant Voltage) Power Supply

Optical Filters, Apertures, and Caps

7. Filter Wheel (365, 405, 436,546, 577 nm)

B. Aperture Dial (2 mm, 4 mm, B mm diameter)
Fhotodiode Enclosure Cap (not shown)

WMercury Light Source Enclosure Cap (not shown)
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Cables and Cords 3. L

9. Power Cord (3) (110 % version shown)

10. ENC Connecting Cable, Photodiode Enclosure

11. Connecting Cahle, Red 1", -@
12. Connecting Cahle, Black 12.

13. Interface Cable (3) LI-5213 .

13.
Recommended Equipment Maodel @»}f)
PASCO B850 Universal Interface L-5000
PASCO Capstone Software UI-5400
Replacement Items Maodel
Replacement Mercury Lamp SE-B597
Replacement Photodiode Tube SE-B612

Limited Warranty and Limitation of Liability

ThisBrolight product will be free from defectsin material and worlan anship for one year from the date of purchase. This
wattanty does not cover fuses, or dam age from accident, neglect, misuse, alteration contamination, or abneormal conditions of
operation or handing. FEesellers are not authorized to extend any other warranty on Brolight's behalf To obtain service during
the warranty period, retuwrn the unit to point of purchase with a description of the problem.

THIE WARRANTY IS YOUER ONLY REMEDY. NO OTHER WARFRANTIES, SUCH AS FITNESS FOR A PARTICULAR
PURPOSE, ARE EXPRESSED OR IMPLIED. BROLIGHT IS NOT LIABLE FOE ANY SPECIAL, INDIRECT,
INCIDENTAL OR. CONSEQUENTIAL DAMAGES OF. LOSSES, ARISING FROM ANY CAUSE OFR THECEY. Since
some states or countries do not allow the exclusion or imitation of an implied warranty or of incidental or consecquential
damages, this limitaticn of liability may not apply to you.

Safety Information
Warning: To avoid possible electric shock or personal injury, follow these guidelines:

*  Donct dean the equipments with awet rag

*  Beforeuse, verify that the apperatus is not damaged

*  Donot defest power cord safety ground feahw e,

*  Pluginto a grownded (eatll outlet.

*  Donot use procuct in sy marmer not specified by the mamifacturer

*  Donoctmstall substitute parts or perform any wnsathorized modification to the prochact

*  Line andCurent Proteci on Fuses: For continued protecti on agpinst fire, replace the line fuse and the current- protection fuse only
with fuses of the specfied type and rating

*  IMain Power and Test Input Disconnect: T nplug instnam ent from wall outlet, remove power cord, and remove all frobes from all
terminals before servicing Only qualified, service-traine d persommel shouldremove the cover from the instrument.
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*  Donotusethe equipument if itis damaged Before youuse the equipmernt, inspect the case Pay part cular attent oo to the
inmi ation surrounding the connectors.

*  Donotusethe equipment if it operates abnormeally. Protectionmay be impaired. When in doubt, have the equipment serviced

*  Donotoperate the ecpipm ent where explosive gas, vepor, of dust is pressot. Dot use it wnder wet condiion

*  Donotapply more then the rated voltage, as marked onthe spparatus, between term inal s or between sy terming and earth
grouacd

* When servicng the ecuipm ent, use only specified replacement parts

* s caution whenwotking with voltage above 30 V AC EMS, 42V peal; o 60 V DC . Such voltages pose a shock hazerd

*  To avoid electric shock, do not touch any naked conductor with head or slan,

*  Adhere to local andnational safety codes. Individual protective ecuipment muat be uged to prevert dhock and are blast inwy
where hazardous live conductors are exposed

*  Femanng endangerment: When aninput termina 15 cormected to danger ous live potential it 15 to be noted that this potential can

occuwr at all other terminal o

Electrical Symbols

#~~_~ Plternating Current

= Direct Current

& Caution, risk of danger, refer to the operating manual
before use.

& Caution, possibility of electric shock

JT_ Earth (ground) Terminal

@ Protective Conductor Terminal

/_J_' Chassis Ground

CE€ Conforms to European Union directives.

& WEEE, waste electric and electronic equipment

4+ Fuse

| ion (FPower)

() Off (Power)

L1 In postion of a bi-stable push control

D Cut position of a bi-stable push control
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Introduction

The photoelectric effectis the emission of electrons from the surface of ametal when dectromagnetic radiation (such as visible
of ultraviclet light) of the right frequency shines on the metal. At the tim e of its discovery, the classical wave m odel for ight
predicted that the energy of the emitted electrons would increase as the intensity (brightness) of the light increased

Instead it was discovered that the energy of the emitted electrons was directly proportional to the frequency of the incident
light, and that no electrons would be emitted if the light source was not above a certain threshold frequency. Lower energy
electrons wer e emitted when light with relatively low frequency was incddent on the metal, and higher energy electrons were
emitted when light with relatively high frequency was incident on the metal.

About the Apparatus

The SE-6609 Photoelectric Effect Apparatus consists of a mercury light source enclosure, a track, a tunable direct cwrrent(DC)
constant voltage power supply, a DC cwrent amplifier, a power supply for the mercwry light source, miscellaneous cords and
cables, a photodiode tube enclosure that has optical filters with five different frequencies and an aperture disk with three
different diameters, and protective caps for the photodiode enclosure and the m ercury light source enclosure. The photodiode
enclosw e and the mercwy Lght sowrce enclone e movnt on the included track.

The apparatus has several important features:

*  The cutrert smplifier has high sensitivity andis very stable in crder to improve the acowracy of the measurement.
*  The photodiods tube has low levels of dark curent and snode reverse ourrent.
*  The optical filters are of kigh quality in ordet to avoid s etror due to intetference between different spectral lines.

When connected to a PASCO Interface vsing PASCO Data Acquisition Software (such as PASCO Capstone), the curent and
voltage can be measured, recorded, displayed and analyzed.

Background Information

Many people contributedto the discovery and explanation of the photoelectric effect In 1865 James Cletk Maxwell predicted
the existence of electrom agnetic waves and concluded thet light itself was just such awave. Experimentalists sttempted to
generate and detect electromagnetic radiation and the first clearly successful attempt was made in 1886 by Hetrwich Hertz. In
the midst of lis experimentation, he discovered that the spark produced by an electromagnetic receiver was more vigorous if it
was exposed to ultraviolet light. In 1388 Wilhelm Hallwachs dem onstrated that a negatively charged gold leaf electroscope
would discharge more rapidly than normal if a clean zine disk comected to the electroscope was exposedto wtravioletlight. In
1899, I.]. Thom son determined that the ultraviclet light caused electrons to be emitted from the metal.

In1902, Plillip Lenard, an assistant to Heirrich Hertz, used a high intensity carbon arc ight to illuminate an emitter plate.
Using a collector plate and a sensitive mnmeter, he was able to measure the small owrent produced whenthe emitter plate was
exposed to light. In order to measure the energy of the emitted electrons, Lenard charged the collector plate negatively so that
the electrons from the emitter plate would be repelled. He fownd that there was a mindmum “stopping” potential that kept all
electrons from reaching the collector. He was surprised to discover that the “stopping” potential, 77 - and therefore the energy
of the emitted electrons - did nof depend on the intensity of the light He found that the m sximum energy of the emitted
electrons did depend on the color, of frequency, of the light.

In1901 Meax Planck published his theory of radiation Init he stated that an oscillator, or sy similar physical system, hasa
discrete set of possible energy values or levels, energes between these values never ocow. Planck went on to state that the
emizsion and sbsorption of radiation is associated with transitions or jumps between tro energy levels. The energy lost or
gained by the oscillator is emitted or absorbed as a cuantum of radiant energy the magritude of which is expressed by the
eguation: B = hvwhere F equals the radiant energy, visthe frecquency of the radiation, and h is a fundamental constant of
nature. (The constant, h, became known as Planck's constant.)




Principle of the Experiment Photoelectric Effect Apparatus

In 1905 Albert Einstein gave a simple explanation of Lenard’s discoveries using Planck s theory.
The new ‘guantum "-based model predicted that higher frequency light would produce ligher
energy emitted electrons (photoelectrons), independent of infensity, while increased intensity
would olyincrease the munber of electrons emitted (or photoelectric cutrent) . Einstein assumed
that the light shining on the emitter material could be thought of as ‘guanta’ of energy (called
photong) with the s ownt of energy ecual to by with vas the frequency. In the photoelectric
effect, one “guantum’ of energy 15 absorbed by one electron Ifthe electronis below the swface of
the emitter material, some of the abzotbed energy iz lost asthe electron m oves towards the
smface Thisisusually called the “woik functon’ (). Ifthe *gquantum’ is more than the “w ok
function’, then the electronis emitted with a certain amownt of kinetic energy. Einstein applied
Planick' s theory atd explained the photoelectric effect in terms of the gquantum modsl using lis Albert Einstein

fam ous equation for which he received the Nobel prize in 1921 E = kv = KE _ +W,

where KRy 5 15 the maxumum kinetic energy of the emitte d photoelectron. In terms of kinetic energy, KE = = hv-Wy

If the collector plate 15 charged negatively to the ‘stopping’ potential so that electrons from
the emitter don't reach the collector and the photocowrent 1s zero, the highest kinetic energy
electronswill have energy e I” where e isthe charge on the electron and I™is the ‘stopping’
potential. b
eV =hv-W,
w
o B, 8
2 ]
Eingtein’s the ory predicts that if the frecquency of the incident light is varied and the Frequency, v
‘stopping’ potential, I] iz plotted as a function of frequency, the slope of the line 15 h'e (see
Figire 13 Fig.1: Stopping Potential, V,
versus Frequency
Principle of the Experiment
o . . . _"x\C athode
When incident light shines on the cathode (), photoelectrong can be emitted and | i %
transferred to the anode (A). Thiz constitutes a photocurtent. By changng the voltage i | -—Ill
between the anode and cathods, and measuing the photocutrent, you can determine the A /K
cheracteristic curtent-voltage curves of the photoelectric tube. Anode T—

The basic facts of the photoelectric effect experiments are asfollows: /f“ﬁ\l
*  Foragvenfrecpency (colot) of light, if the voltage betw een the cathode and anode, I, 18 Fmmater I,_\-ﬂ./,
ecuial to the stopping potential 7 the photocow rentis zero. st |

meter
*  Whenthe voltage betweenthe cathode and anods is greater than the stopping voltage, the =
photocwer entwill nerease quickly and evertually reach sahwaton. The sahwated cwrrentis (v }
proportione to the intensity of the incident ight See Figuee 2. N
= Light of dafferent frecuencies (colors) have different stopping potertials. See Figure 3 W *
*  The slope of aplot of stopm otential b ) 1
¥ P CERLIAE Fig. 2:[Current vs. Intensity Fig. 3] Current vs. Frequency

wersus frecuiency 1s the value of the ratio,
hée SeeFipure 1 | Intensity 2 Frequency 2

*  The photoelectric effect 15 almost -
instantans ous. Once the light shines on the Intansity 1 m1
cathode, photoelectrons will be emitted in
less than a nanosecond

Stopping Waton 2
|~ Potential - -.,‘: . 1
L f,-f’ siop

Vg Vak

L
L J




Photoelectric Effect Ap paratus

Installation and Maintenance

Mercury Lamp Installation and Replacement

NOTE: The merciry lamp for the Mereury Light Sowrce Enclosure 18 not shipped inside the
enclosure. It must be installed before the apparatus is used for the first im e

WARNING : Before installing or replacing the mer cury lamp, be sure to discommect
(urplug) the Mercury Light Sowce Enclosure from the Merowy Lamp Power Supply
TOOLS: A flat-blade screw driver 15 needed to open the Mercwy Light Sowrce Encloswe.

*  Use aflat-blade screwdriver to remove the fowr screws that hold the back plate onto the Mercwry
Light Sowrce Enclosue.

*  Tse aflat-blade screw diiver to pry the back plate off of the encloswe.

NOTE: Do not touch the glass envelope of the mercury lamp. Oil and m oistwee from the skin
may dam age the lamp’s petform ance. Instead, use gloves, a clean cloth, or a paper towel to
handle the mercwy lamp.

= Sorew the mercwy lampinto the socketinside the enclosue.
*  Replace the back plate and screws onthe enclosue.

Mercury Lamp Specifications

Emitting spectral limes of: 365, 405, 435, 546, and 577 nanometers (nm).
NOTE: Eeplace the mercuwry lamp with the same type. See Replacement Items.

Photodiode Tube Replacement

Note: Prolonged exposure of the photodiode tube to light could lead to
recuced life or even damage of the tube. Do not leave the photodiode tube
unattended. When replacing the photoelectric tube, please do it quickly

»  Use aflat-blade screwdiver to remove the four small serews that hold the
back plate onto the photocdiode encloswe.
*  Use asmall flat-blade serewdiiver to pry the back plate off of the encdosee

*  TUsze aflat-blade screwdiiver to remove the two small screws that held the
photodiods tube onto the back plate
*  Take out the bad photodiode tube and replace itwith the new photodiode fube.

*  Feplace the back plate and screws onthe enclonwe

Photodiode Tube Specifications
Spectral responge range: 300-700 1

Mimdmwm cathode sensitivity: 21 p&ATm

Anode: Nickel ring,

Dark Current: <20%10°13 A (-4 5V <V, <0V,

NOTE: REeplace the Photodiode Tube with the same type. See Replacement Items.
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Connect Cords and Cables " - i

CEE Please make sure

you select the right

NOTE: Befowe comecting any cords o cables, be sure
that all the ON/OFF switches on all parts of the

% L .&_unuu:- : .
appatatus are in the OFF position. Acrowmmcoen MRS seting according to
amm L FLIRh i s 1P your AC vokapge
LI B0 Tl AR AR B .

NOTE: The imput power commectors on the power
supplies and DC Current Amplifier can be operated at
110 VAC or 220 VAC Please make mue to select the

right setting according to your AC wvoltage lewvel.

WARHING
TN i 0T PR S

B POWIN
DONTI AT B CORAPC T

*  Connect the power cordfrom the Mercwy Light Sowce Enclosure into the receptacle labeled "POWER OUTPUT FOR
MERCURY LAMP ~-220V" onthe fronf of the Merowy Lamp Power Supply

NOTE: The next three cables connect the Photodiode Enclosure to the DC Current Am plifier and the Tunable DC ( constant
voltage) Power Supply These three cables will be disconnected during calibration You donot need to turn off the power of the
DC Cwrent Amplifier and the Tunable DC Power Supply when you disconnect and then reconnect these cables during
calibration.

*  Connect the special BHC-plugto BNC -plug cable between the port marked “K™ on the Photodiode Encdosy e and the port
labeled “INPUT SIGNAL™ o the DC Current Am plifier. Align the notches inthe BHC plugwith the tabs on the BHC port.
Push the BNC plug onto the port and twist the plug one-quarter hn cloclowise tolock it onto the port.

*  Comnect the red banana-plug commecting cable between the port matked "A” onthe Photodiode Enclossre andthe red banans
plug port nextto the control knob martked “- 4.5V —0VA” onthe right half of the front of the Tunable DC Power Supply

*  Connectthe tlack banana plug commecting cable between the port matke dwith the “down arrow™” (symbol for GROTUND) o the
Photodiode Enclosure and the black banana-plug port nextto the contral knob m eked “- 45V —-0VA" onthe right half of the
fromt of the Tunable DC Power Supply

Commect the power cords for the Mercwy Light Souwrce Enclosure, the DC Current Amplifier, and the Tunable DC (constant
voltage) Power Supply between the port labeled “AC POWER CORD, 110-120V/220-240V S0Hz/60Hz" and an appropriate
electrical outlet

Cord and Cable Specifications

ftem Specification

Fower Cord Length: 1.5 m Rating: 10A250%
Connecting Cable Length: 0.85 m Rating: 10A/300Y

NOTE: Feplace the power cord or connecting cable with the same type.

Fuse Replacement —

& WARNING: To reduce the risk of electric shock or Cpen cver to

damage to the instrum ent, hurn the power switch off and il
; : i) Tis o Fuse  type

disconnect the power cord before replacing a fuse ey IR o i T

*  Digcotmect the power cord from the instrum ent

*  Openthe fuse cover and rem ove the fuse.

*  Feplace the fuse(s). Use the same type fuses.

*  FRecomnectthe power cord and tum onthe instnament.

= If the problem persists, cordact Teclud cal Support fior advice.

NOTE: Feplace the bumed fuse with a new fuse of the same type 250V T 2A




Photoelectric Effect Ap paratus

Tunable DC (Constant Voltage) Power Supply

Voltmeter Display (Filament™) Vaoltage Range Switch (DC)

TUNABLE DC (Constant Voltage) POWER SUPPLY | delth
Fower I
Switch O U

e -t YWoltmeter

TRRFACS Display
Mot used (Photodicde
in this Tube)
experiment)

Filament Voltage™®

Data Interface ‘-.-"uliaga Adjust  Power Output® ‘-.-"ulltage Adjust Power Cliatput
B-pin DIN Port Knob™ (Filament) Knob (Photodiode Tube)
-4 5-0VIE0V

Figure: Tunable DC {Constant Voltage) Power Supply

The Tunable DC (C onstant Voltage) P ower Supply provides potential to the photodiode tube, wlich is shown on one of the
Voltm eter Displays, and can be recorded using a PASCO Interface and Data Acquisition Software. The P ower Supply has two
outputs: the DC Voltage with two ranges, -4 5V to OV and -4.5V to 30V and the Filam end Voltage (0 — 6.3V) that is not used.

*NOTE: The Filam ert Voltage is not used in this expetiment

*  Power Switch: Twns the power to the mgnm ent ON o OFF.

*  Voltmeter Displays: One cisplay shows the potential across the photodiods tube and the other display shows fil am ent voltage (not
usedin this experiment).

*  Voltage Fange Switch (DC): Sets the DC voltage range as-4.5V to +30V for plothing cwrent-voltage characteristics and -4 .5V to
0V for meanwing the stopping potertial

*  Data Inferface 8-pin DIN Ports: One portis for measuing the DC Voltage (-4.5V — 0V /50V) and can be commectedto the data
processing apparatus (PASCO Interface) andthe other portis for m easwing filanent voltage™® (0 —6.3V) and is not used in this
& petim et

= Voltage Adjust inobs: One knob adjusts the potential acrossthe photodiods tube for both DO voltage ranges, and the other knob
adjusts the potential for the filament™® (not used in this ex perim enf).

*  Power Output Ports: One set of portsisfor power output to the photodiods tube and the other setis for filam ent voltage™ (not used
in th § ex perim enf).
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DC Current Amplifier

‘Signal
DC CURRENT AMPLIFIER Switch BroLight
Power | I
Switch G
. Ammater
Display
Input
INTERFALCE o g iF_I]:I'IEi[
gl Syt CURRENT RANGES CURRERTR INPUT SIGNAL
pu_qq AMpE
Data Interface Current Ranges Current Calibration
B-pin DIN Port Switch Knob

Figure: DC Current Amplifier

*  Power S3witclr Turns the power to the instrument ON or OFF.
*  Datalnterface 3-pnDIN Port: Port for comecting the data processing apparatus (FPASCO Interface).

+  CurentRange Switch Setsthe currentrange for the instrument's current amplifier (10 to 1013 Ay

= Sipgnal Switcly Sets the signal for the photodiode tube to CALIBEATION (butten IN) o MEASTUEE (button OUT).
= CurentCaibraton Koob: Adjusts the cwerent through the mstument to zero.

= Ammeter Display: Shows the photocurrent through the photodiode tube.

«  InputSignal: BNC ingt port for the photodiods tube signal.

Mounting the Photodiode Enclosure and the Mercury Light Source Enclosure

The photodiode enclosure atd the mercury light source enclosure mownt on the included 60 cm track. L oogen the thum bscrew
that is near the bottom of the side panel of each enclosure. Setthe encloswes onthe track with the photodiods enclosure facing
the mercury light sowece enclomwe. Position the enclomwes so thet they are about 35 cm apart (asindicated by the metric scale
on the side of the track). Tighten the thumbscrew at the bottom of each enclosure to hold it in place on the track.

Measurement Accuracy

Two factors may affect the measurement accuracy First, the photocurrent is extrem ely small. Second, because of the cathode
datk cwrrent and the anode reverse current, the voltage when the photoowrent is zero 15 not ex actly the stopping potential (For
mote information, see Experim ents in Modern Physics by A Melissinos, copyright 1966, Harcowt Brace Jovanovich,
publighers)

The apparatus has a very sensitive and stable current amplifier so that the smeall photocurrent can be measured acowrately. The
photodiode tube has a low level of dak cwrrent and anode reverse voltage. In addition, because stopping potertial versus
frecuencyis plotted for several spectral lines and the slope of stopping potential versus frequency is usedto caleulate Planck's
constant, the slope method gives an accurste result even if the stopping potential isnot exactly accurate.
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Using a PASCO Interface and Data Acquisition Software

Connect to the Interface

Use two of the included 8-pin DIN plug cables to connect the data interface
pott of the DC Cuwrrent Amplifier and the “-4.5 —0V/30V™ data irferface port
of the Tunable DC (Constant Voltage) P ower Supply to a PASCO Interface
(such as the PASCO 850 Urniversal Interface, the PASCO 750 Intetface, or
the PASCO 500 Interface). Put the plugs of the two cables into two of the
ANALOQG INPUT ports on the PASCO interface.

PASCO Capstone Workbook

An electronic workbook file for PASCO Capstone 15 avalable at the PASCO
web site, www pasco.com . Enter “E3-5540A7 into the “Search’ window and
follow the instructions for downl oadingthe C apstone file.

Software Setup

Interface

Cables

Interface

Turn on the interface and start the PASCO Capstone software. The 850 Univer sal Interface will sutom abically identify the two
pieces of equipment that are commected to it (DC Current Amplifier and Tunable DC Power Supply).

For inform stion abowt using the eguipment with the PASCO 750 Interface o
Check the Hardware Setup

Click the Hardware 3 etupiconinthe Toolspanel to
open the Hardware 3 etup window. The icons for
voltage from the DC Power Supply and cwrent
from the DC Curtent Amplifier will appear to be
connected to the analog channel icons of the
interface icon

Click the Hardware Setup icon in the Tools panel
again to close the Hardware 3 etup window.

Setup the Data Display

Helect one of the configured data display
arrangem ents in the Workbook window, or click-
and-drag a data display icon from the Displays
palette to the Workbook window.

Calisratian

#

Calculatar

Signal
Geperatar

For example, drag two digits displays into the
Workbook window.

“oltage icon

PASCO 500 Interface, please see Appendix D

Current icon

Interface icon

Equipment description

DC Power Supply, Voltage BEM-5001

Properties .’

Figure: Hardware Setup Wind ow




Using a PASCO Interface and Data Acquisition Software Photoelectric Effect Apparatus

Select Measurements

For apair of digits data displays, for example, click the “Select Measw ement” mem icon and select “Voltage (V)7 Click the
“Belect Measwement” memiconin the other digits display and select “Current (&)

__;:J:-'"t'“"ﬂ" EimmE~ 0=
1 (Dighs Hib hers] - [Cgis dik here]

o Gl Ect MEsArSments | — ME nu iEEH'I < 10 DIAES St s  Saleck MEgarsments] — MEI’IU Icon « Mo Daks Selected-

BE Bwwer Supply WeEsge OC Bumar Supply, Wokege

iktage b 3 Select "Voltage (V)"
BE Ciprent Amplfar

Select "Current (A)"

EquibansTanstants . Enustanait anxtamty .

i drep|®ar

Timt

| Tie

Figure: PASCO Capstone Digits Dis plays

For this expertment youwill select the “Table-Graph” template from the workbook page in the PASCO Capstone software.
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Experiment 1 — Planck’s Constant, h

Measuring and Calculating Planck’s Constant, h

Preparation before measurement

1.

10.
11.

12.

PASCO Capstone Software Configuration

1.

Cowver the window of the Mercury Light S ource Enclomy e with the Merewry Lamp Cap. Cover the window of the
Photodiode enclosu e with the Photodiods Cap.

Adjust the distance between the Mercury Light S ource enclosure and Plhotodiode enclosure sothat the general spacingis
between 300 cm to 400 em. NOTE: The recommended distance 15 350 cm.

On the Mercury Lam p Power Supply, pressthe button to tun on MERCUERY LANMP. On the Tunable DC (€ onstant
Voltage) Power Supply and DC Cuwrrent Amplifier, push in the POWEER. button to the ON position.

Allow the light sowce and the apparatus to warm up for 10 mimites.

NOTE: Itis very importemi
fio allow the light sowrce
emicd epparais fo warm up
Jor 10 mirwdes priov fo

On the Tunable DC (C onstant Voltage) Power Supply, set the Voltage Fange switchto
-4 5V -0V Onthe DC Current Amplifier, tum the CURRENT EANGES switch to
1013 a

maling measiremenis.

On the DC Cuwrent Amplifier, push in the SIGNAL btutton to the “in” position for

CALIBEATION.
Adjust the CURRENT EANGERS knob untl the ammeter shows that the current is zero,
Pressthe SIGNAL button so it moves to the “out” position for MEASURE.

Commect the red and black banana cables from the red and black banana jacks on the photodiode to the red and black
banana jacks for the -4 SV —0V output ports on the DC Power Supply

Commect the BNC cable between the photodiode and the BNC port on the DO Current Amplifier.

Ennnn?t:t orie 8-pin DIN cable from the DC Fmrent Fram DO Current oy From DO Power
Amplifier INTERFACE port to the 850 Universal Interface Amplifier I i Supply
Channel & (- —

) j:‘-utml--mmmci : ' .
Comnect another 8-pin DIN cable from the 45V -0V @
INTERFACE port on the DT P ower Supply to the 850 - n

Univerzal Interface Channel B.

O O

InPASCO Capstone, choose the table- graph tem plate and
put three columns in the table.

In the first column, create a User-Entered data set called Wavelength with units of nm. In the properties of thas
measurem ent, set the symbol to A (lambda). Enter in the values of the wavelengths of Mercury: 365, 405, 436, 546, 577

Openr the ealewlator i Capstone and create s calewlation for the frequency, £

f=c/ x10% with units of (x 10" Hz)
c=[Speed of light (m/s)]
L = [Wavelength (nm), W]
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4.
5.

6.

Select the calculation £ in the second column of the table.

In the third column of the table, select the Voltage from the DC Power Supply Fename the measurement in the column

header to “Stopping Veltage™.

& Set A set =MNo Data Selected=
'*.,’L"a'-.r'lelﬁ-ngﬂ'n f A Stopping Voltage

{nm} (x101%Hz) (V)

1 365 8.21

2 405 7,40

3 436 TRt

4 545 5.4%

5 577 5.20 .

Change the sampling mode on the Sampling Control Bat from Continuous Mode to Keep Mode.

7. Onthe gaph, select Stopping Voltage on the vertical axis and £ (frequency) on the horizontal axis.

& a1 i et < My Dl S
W b NN L) i Sy VORagE
irarmd L] [}

355 &21

403 140

438 ane

a8 ¥11

37T 120

Select "Stopping Voltage (V)"

"

HE]
ENCEEN

Change to "lKeep Mode"”

Measurement

1.

Select f (x10' Hz)

2 L]

e e— Pixto=T

Gently pull the aperture dial away from the case of the Photodiode Encdosue androtate the dial so thet the 4 mm diameter
aperhwre 15 aligned with the wlate line. Then rotate the filter wheel untl the 365 nm filter is aligned with the white line.

Finally, temove the cover cap.
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2.  Uncover the window of the Mercury Light S ource. Spectral lines of 365 nm wavelength
will shine on the cathode in the phototube. WARNING: The Mercury

Light Source Enclosure
S 15 VEry Warm.
FProfect your hand !

3. Stast previewing in Capstone and click the first row in the table display

4.  Adjust the VOLTAGE ADIUST knob onthe DC Power Supply until the digital m eter on the

DC Currert Amplifier show s that the current iszero.

5. Press“Keep Sample” onthe Sample Control bar to record the m agnitude of the stopping potential for the 365 rm
wavelengthin the table display.

6. FRotate the filter wheel until the 405 rm filteris aligned with the white line. S pectral lines of 405 nm wavelength will
shine on the cathode in the phototube.

7. Adjustthe VOLTAGE ADJUST knob on the DC Power Supply until the digital m eter on the DC Current Amplifier
show s that the current.

8. Click the second row of the table display and press “Eeep Sample” to record the magritude of the m agnitude of the
stopping potential for the 405 mm wavelength in table display.

9. Repeat the measurem ent procechire for the other three filters. Record the m agnitude of the stopping potential for each
wavelength in the table, ad then press “Stop” in the software.

10. Turnoff the MERCURY L AMP power switch and the POWER. switch on the other pieces of equipment. Fotate the filter
wheel until the 0 nm filter is aligned with the white line. Cowver the windows of the Mercowry Light Source Enclosure and
Photodiode Enclosure.

Calculating
1. Plot a graph of Stopping P otential (V) versus Frequency (x 104 Hz).

2. Findthe slope of the best-fit line through the data points on the Stopping P otential (V) versus Frequency (x 10'4 Hz)
gaph.

MNote: The slope is the ratio of e, so Planck’s constant, Ji, is the product of the charge of the electron (e = 1.602 x 107 C) and
the slope of the best-fit line.

3. Recordthe calculated slope and use it to calculate the value of Planck’s constant, b

Slope = +

h=ex slope= +

4. Use the “£" value for the slope as the error in the slope and round your result to the appropriate value. Compare your
calculated value of ki to the accepted value, hy, 6 626 x 10947 &

h-h
percent difference = x100

5. Record your percent difference | (k- by | = 100% =

Questions
1. How does vour calculated value of h compare to the accepted value?

2. What do you think may account for the difference — if any — between your calculated value of b and the accepted value?
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3. How canyoufind the value of the Work Function from the graph of Stopping Potential ver sus Frequency?
Extension

Fepeat the data measurem ent and analysis procedure for the other two aperture diameters 2 mm and 8 mm.

Questions

1. How doesyow caleuated value of b for each different aperture compare to the accepted value, hy, 6 626 x 1034 1 g7

2. How doeslight intensity affect the Stopping Potential?
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Experiment 2 — Measuring Current-Voltage Characteristics 1

Measuring Current-Voltage Characteristics of Spectral Lines - Constant Frequency, Different
Intensity

This section outlines the instruct ons for measuring and compearing the current versus voltage cheracteristics of one spectral
line at three different light intensities.

Preparation for Measurement

1. Cover the window of the Mercury Light S ource enclosure with the Mercury Lamp Cap. Cover the window of the
Photodiode enclosy e with the Photodiods: Cap.

2. Adjust the distance between the Mercury Light S ource enclosure and Photodiode enclosure so that the general spacingis
between 300 cm to 400 em. NOTE: The recommended distance is 35.0 cm.

3. Onthe Mercury Lamp Power Supply, press the button to turn on MERCURY LAMP. On the Tunable DC (C onstant
Voltage) Power Supply and DC Current Amplifier, push in the POWEER button to the ON position.

4. Allow the light sowce and the apparatus to warm up for 10 minmtes.

5 ] NOTE: Itis very importemi
. Onthe DC (C onstart Voltage) P ower Supply, set the Voltage Fange switchto - 48V-30V o allow the light source

On the DC Curtent Amplifier, tum the CURRENT RANGES switchto 10 A G 107V'A | g pmaranus o wamm 1p
isnot large enough, please tum the CURRENT RANGES Switch to llil'mﬁ.) Jor 10 minutes prior fo
making measiyemenis.

6. Pushinthe SIGN AL button to the “in” position for CALIBRATION .

7. Adjustthe CURRENT RANGES knob until the ammeter shows that the cusrent is zero.

B. Pressthe SIGNAL button so it m oves to the “out” position for MEASURE.
Measurement - Constant Frequency, Different Intensities

2 mm Aperture

1.  Gently pull the aperture dial away from the Photodiode Enclosure and rotate the dial so that the 2 mm aperture is aligned
with the white line. Then rotate the filter wheel untl the 436 nm filter is aligned with the white line. Finally remove the
COVEr Cap.

2.  Uncover the window of the Mercury Light 8 ource. Spectral lines of 436 nm wavelength
will shine on the cathode in the phototube. IWARNING: The Mercury

Light Source Enclosure
Ceap 15 VEry Warm.
Frofect your haned!

3. Adjustthe -4.5V-30V VOLTAGE ADJUST knob until the current on the ammeteriszero.
Fecord the voltage and current in Table 4.

4. Increase the voltage by a small amount (for example, 2 V). Record the new veltage and
curtent in Table 4.

5. Contimae to increase the voltage by the sam e small increment. Record the new voltage and current each tim e in Table 4.
Stop when you reach the end of the VOLTAGE range.

4 mm Aperture
1. Cower the windows of the Mercury Light S curce Enclosure and the Photodiods Enclosure.

2. Gently pull the aperture dial and rotate it 5o that the 4 mm aperture is aligned with the white line. Then rotate the filter
wheel witil the 436 o filter 15 aligned with the white line. Finally remove the cover cap.
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3. Uncover the window of the Mercury Light Source. Spectral lines of 436 nm will shine on the cathode in the Photodiode
Enclosure.

4. Adjustthe 45V—30V VOLTAGE ADJUST knob so that the cirrent display is zero. Record the voltage and current in
Table 4.

5. Increase the voltage by a small amount (e g, 2 V) andrecordthe new voltage and current in Table 4. C ontirue to ine ease

the voltage by the same small increm ent and record the new voltage and current each time in Table 4. Stop when you
reach the end of the VOLTAGE range.

8 mm Aperture

1. Cowerthe windows of the Mercury Light Source Enclosure and the Photodiode Enclosure.

2. Gently pull the aperture dial and rotate it so that the 8 mm aperture is aligned with the white line. Then rotate the filter
wheel until the 436 nm filter is aligned with the white line. Finally remove the cover cap.

3. Uncover the window of the Mercury Light Source. Spectral lines of 436 nm will shine on the cathode in the Photodiode
enclosure.

4. Adjustthe -4 5V—30V VOLTAGE ADJUST knob so that the current display is zero. Record the voltage and current in
Table 4.

5. Increase the voltage by a small amount (e g, 2 V) andrecordthe new voltage and curent in Table 4. C ontirmie to incr ease

the voltage by the same small increm ent and record the new voltage and current each time in Table 4. Stop when you
reach the end of the VOLTAGE range.

6. Turn off the MERCURY LAMFP power switch and the POWER switch on the other pieces of equipm ent. Fotate the filter

wheel untl the 0 ran filter is aligned with the white line. Cover the windows of the Merowy Light Source Enclosure and
Photodiode Enclosure.

Table 1: Current and Voltage of Spectral Lines.

A =436 nm Vv
2mm dia.

Iix 107t &)y

A=436nmm | V()

4 mm dia.

I(x 107" &)

A=436nmm | V()

& mm dia.
I(x 107" &)
Analysis
1. Plotthe graphs of Current (v- meis) versus Voltage (x-axis) for the one spectral line, 436 nm, at the three different
intensities.
Questions

1. How do the curves of current versus voltage for the one spectral line at three different intensities compare? In other
words, how are the cwrves similar to each other?

2. How dothe curves of curent versus voltage for the one spectral line at three different intensities contrast? In other words,
how do the curves differ from each other.
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Experiment 3 — Measuring Current-Voltage Characteristics 2

Measuring Current-Voltage Characteristics of Spectral Lines -
Different Frequencies, Constant Intensity

Thig gection outlines the instruct ong for measuing and comparing the current versus voltage characteristics of threes spectral
lines, 365 nm, 405 nm, and 436 mm, but with the sam e light intensity.

Preparation for Measurement

1. Cover the window of the Mercury Light S ource enclosure with the Mercury Lamp Cap. Cover the window of the
Photodiode enclomye with the Photodiods Cap.

2. Adjust the distance between the Mercury Light S ource enclosure and Photodiode enclosure sothat the general spacingis
between 300 cm to 400 em. NOTE: The recommended distance is 35.0 cm.

3. Onthe Mercury Lamp Power Supply, press the button to turn on MERCURY LAMP. On the Tunable DC (C onstant
Voltage) Power Supply and DC Current Amplifier, push in the POWEER button to the ON position.

4. Allow the light sowrce and the apparatus to warm up for 10 mimstes

5 ] NOTE: Itis very importemi
. Onthe DC (C onstart Voltage) P ower Supply, set the Voltage Range switchto - 45V-30V to allow the light source

On the DC Cuwrrent Amplifier, tum the CURRENT RANGES switchto I A @F10M'A | g spmaratus o wam 1
isnot large enough, please tum the CURRENT RANGES Switch to llil'mﬁ.) Jor 10 minutes prior fo

making measirements.

6. Pushinthe SIGN AL button to the “in” position for CALIBRATION .

7.  Adjustthe CURRENT RANGES knob until the ammeter shows that the current is zero
B. Pressthe SIGNAL button so it m oves to the “out” position for MEASURE.

Measurement - Different Frequencies, Constant Intensity
365 nm Wavelength

1. Gently pull the apertwre dial and rotate it so that the 4 mm aperture is aligned with the white line. Then rotate the filter
wheel wittil the 365 rm filter 15 aligned with the white line. Finally remove the cover cap.

2.  Uncover the window of the Mercury Light Source Enclosure. Spectral lines of 365 nm will
ghine on the cathode in the Photodiod: Enclosure. WARNING: The Mercury
Light Source Enclosure
Celp 15 VEry warm.
FProfect your hand !

3. Adjustthe -45V—30V VOLTAGE ADJUST knob so that the current display is zero.
Fecord the voltage and current in Table 5.

4. Increase the voltage by a small amount (for example, 2 V). Record the new voltage and
curtent in Table 5.

5. Contimue to increase the voltage by the sam e small increment. Record the new voltage and current each tim e in Table 5.
Stop when yvou reach the end of the VOLTAGE range.

405 nm Wavelength
1. Cower the window of the Mercury Light Source Enclosure.
2. Rotate the filter wheel until the 405 rn filteris aligned with the white line.
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3. Uncover the window of the Mercury Light Source enclosure. Spectral lines of 405 nm will shine on the cathode in the
Photodiode Encloswe.

4. Adjustthe 45V—30V VOLTAGE ADJUST knob so that the cirrent display is zero. Record the voltage and current in
Table 5.

5. Increase the voltage by a small amount (e g, 2 V) and record the new voltage and current in Takle 5.

6. Continue to increase the voltage by the same small increm ent and record the new voltage and current each time in Table
5. Stop when you reach the end of the VOLTAGE range.

436 nm Wavelength

1. Coverthe window of the Mercury Light Sowrce Enclosure.

2. FRotate the filter wheel until the 436 nm filter is aligned with the white line.

3. Uncover the window of the Mercury Light Source Enclosure. Spectral lines of 436 nm will shine on the cathode in the
Photodiode enclosure.

4. Adjustthe -4 5V—30V VOLTAGE ADJUST knob so that the current display is zero. Record the voltage and current in
Table 5.

5. Increase the voltage by a small amount (e g, 2 V) and record the new voltage and current in Takle 5.

6. Continue to increase the voltage by the same small increm ent and record the new voltage and current each time in Table
5. Stop when you reach the end of the VOLTAGE range.

7.  Turn off the MERCURY LAMP power switch and the POWER switch on the other pieces of equipm ent. Rotate the filter
wheel untl the 0 ron filter is aligned with the white line. Cover the windows of the Mercwry Light Sowrce Enclosure and
Photodiode Encloswe.

Table 2: Current and Voltage of Spectral Lines

A =365 nm V(D
4mm dia.

Iz 107 &y
A =405 nm V(D
4 mm dia.

Iz 107 &y
A =436 nm V(D
4mm dia.

I(x 107" &)

Analysis

1. Plot the graphs of Current (y-axis) versus Voltage (x-axis) for the three spectral lines, 365 rm, 405 nm, and 436 rm, at the
one intengity.

Questions

1. How dothe curves of current versus voltage for the three spectral lines at a constant intensity compare? In other words,
how are the curves similar to each other?

2. How do the curves of current versus voltage for the three spectral lines at a constant intensity contrast? In other words,

how do the cwrves differ from each other.
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Appendix A: Specifications

Supply voltage: 110-120%~/220-240%~

Mains supply voltage fluctuations: £10%

Frequency: 50/60Hz

Fuse Protection for inputs: 250 % T 2A

Display: 3-1/2 or 4-1/2 Digit Display

Using site: Indoor use

Temperature: Operating: 0°C to 40 °C, Storage: -20 °C to 50 °C
Cperating Altitude: 0 to 2000 meters

Relative Humidity: Mon-condensing <10 *C, 80% from 10 *C to 30 °C; 75% from 30 °C to 40 °C
Pollution degree: 2

Mercury Lamp Life: 2000 Hours

Certifications: CE

Safety Compliance: IEC/EN 61010-1

Cver-voltage category: |l

Degree of protection: IP20

Mormal energy protection: &J

Item Description
Tunahle DC 0-63WDC, 12 1A (ripple <1%), 3.5 Digit Display;
(Constant Vo ltage) A5 -0OWDCHE - 30VDC (ripple < 1%) (Two ranges),
Power Supply [=10mA, 4.5 Digit Display;
DC Cyrrent Currentrange: 108A1t010'3A, in six ranges;
Amplifier 3.5 Digit Display; Z ero drift: < +0.2% of full range reading in 30
minutes at the range of 1034 (after a 20 minute warm-up)
Optical filters Five fiters with central wavelengths of 365, 405, 436, 546, and
577 nm
Optical Apertures 2mm, 4 mm,and 8 mm diameter
Mercury lamp Emitting spectral lines of 365, 405 436, 546, and 577 nm
Photodiode Tube Spectral response range: 300 to 700 nm
Minimum cathode sensitivity: 212pALm
Anode: Mickel ring
Dark Current: £20=10"3A (-4 5V2Vp20V)
Mercury Lamp [nput: 110-120 W220-240V 50/60Hz;
Power Supply Output: 220VAC, 200W
Track Length: 60 cm (0.60 m)
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Appendix B: Teacher’s Notes

Sample Data

Experiment 1: Measuring and Calculating Planck’s Constant, h

The following table shows typical data for Stopping Voltage of Spectral Lines for the 2 mm diameter aperture
Stopping Potential of Spectral Lines, 2 mm diameter Aperture

[term 1 2 3 4 5
Wavelength, A (nm) 365 405 436 546 577
Frequency, v=c/A, (x 10 Hz) 8214 7 408 6.879 5490 5196
Stopping Potential, 77 (V) -1.805 -1.408 -1.235 -0.661 -0.545

The slope value of 04109 V/10'* Hz gives a value for Planck’s constant, of = 6. 582 x 10°% ] 5. This value has a 0.66%

difference with the accepted value, hy= 6.626 10371 e

2 mm diameter

en

Aperture

—

+ Sopping
Potential (v

o
th

/ y=04109x- 159

——LInear Fiting{%)

Stop
Potential(v)

=

] 6

7 i

Frequencyt=10"Hz)

The following table shows typical data for Stopping Voltage of Spectral Lines for the 4 mm diameter aperture
Stopping Potential of Spectral Lines, 4 mm diameter Aperture

ltermn 1 2 3 4 5
Wavelength, & (nm) 365 405 436 546 577
Frequency, »=c/A, (x 10 Hz) 8214 7.408 6.879 5400 5.196
Stopping Potential, 77 (V) _1.819 _1414 _1.238 _0.660 _0.542
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The slope value of 04161 VA0 Hz gves a value for Planck’s constant of = 6 666 x 1074 ] & This value has a0 60%
difference with the accepted valug, hy=6626 x 1074 s

4 mm diameter

2
Aperture
1 + Stopping
1 Paotential(v)

=
ge Sl
o % / ?“UA‘E‘}(-—‘EE?E _L|nearF|mngM
a 05
0 ' g 3 ' Freguency(=10"Hz)
4 ] ] 7 8 g9

The following table shows typical data for Stopping Voltage of Spectral Lines for the 8 mm diam eter aperture.
Stopping Potential of Spectral Lines, 8 mm diameter Aperture

lterm 1 2 3 4 5
Whavelength, & (rm) 365 405 436 546 577
Frequency, v=cA\, (x 10 Hz) 8214 7 408 6879 5.490 5196
Stopping Potential, 77(V) -1.817 -1.413 -1237 -0.660 -0.545

The slope value of 0 4148 V10" Hz gives a value for Planck™s constant of h= 6 645 x 10°* ] & This value has a0 28%
difference with the accepted value, h;=0626 T

8 mm diameter

2
Aperune
b /
s ¢ Stopping
.2 I Potential(»)
£ E /y:ﬂ.d'lde-'lﬁ'lHB ——Linear Fiting (V)
g2 05
g . . . - Frequency(x10"Hz)

4 5 6 7 g 9
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Experiment 2: Measuring Current-Voltage Characteristics

Current-\Voltage Characteristics of Spectral Lines Constant Frequency, Different Intensity
The following table shows typical data for cutrent and voltage for one spectral line (436 ) for theee different intensities
Current and Voltage, Constant Frequency, Different Apertures

Voltage(V) | Current (436nm) x| R |
2 mm dia 4 mmdia Hmmdia
-4
a3 o o0 0
0 11 44 220
2 35 136 610
4 49 193 360
& 52 242 1060
g 73 202 1270
10 83 33§ 1430
12 D2 352 1580
14 102 405 1730
16 109 431 1850
18 117 450 1960
20 122 483 2080
22 130 507 2180
24 134 534 2280
26 141 552 2300
28 144 568 2440
30 147 581 2540
Current-Voltage(d36nm)
aa0o o -
+ 2mm Dia
z 2500 —
T‘:'—EDDD -*'_' = 4mm Dia
X 1500 i
g _ % y=-1g2d +127.15x + 31208 _
E L y=-0.452 +30.3%6x +67.122 Ll
O
——Fitting
-500 Graph
Voltage(V)
-3 5 15 25 35
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Experiment 3: Measuring Current-Voltage Characteristics

Current-Voltage Characteristics of Spectral Lines: Different Frequencies, Constant Intensity

The following table shows typical data for current and voltage for three spectral lines (365 405, and 436 tan) for one aperture
(4 mm diameter).

Current and Voltage, Different Frequencies, Constant Aperture

4 mm dia. Current(x10"A)
Vaoltage(V) d65nm 405nm 436nm

-4

=2 0 0 0
i 180 25 44
2 500 g7 136
4 700 121 193
i 200 155 242
] 1110 189 292
10 1300 218 336
12 1480 243 362
14 1640 268 405
la 1760 288 431
18 1900 303 450
20 2050 324 453
22 2160 345 507
24 2250 360 534
26 2350 373 552
23 2400 385 568
30 2400 304 581

Current-Voltage{dmm Dia)

3000 + 265nm
2500
=
:b S = 405nm
X
= 1800 y=-1.6610x" +121.79x +231.09 A36nm
2 1000
E /
E .
3 y =-0.45:¢ +30,326x +67.122
500 / : A — Fitting
5 . : , Graph
0 '_74 y=-0.2822" + 20.11x + 40.733
-500 Voltage(V)

-10 o 10 20 30 40
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Questions: Experiment 1 - Planck's Constant

1. How doesvowr caledated value of b compare to the accepted value?

The calewlated value of b for the 4 mun diam eter aperture 15 within 1.8% of the accepted value of h. Student anew ers will vary.
2. What do you think may account for the difference - if any - between your caleulated value of b and the accepted value?

Student answers will vary One possible reason for the difference is this: Because the photocurrent is so smoall, it is som ewhat
difficult to set the VOLTAGE ADJUST knob to the precise value of stopping potential that will cause the photocurrent to be
zero In addition, nearby electromic devices such as computer moonitor s moay influence the sensitive meters inthe apparatus.

3. How canyoufind the Work Function from the graph of Stopping Potential versus Frequency?

The work function divided by the charge of the electron, e, 15 the y-intercept on the graph Multiply the value of the y-intercept
by e to find the value of the work function, W,

Extension Questions:

1. How doesyouwr calculated value of h for each different aperture compare to the accepted value, lip= 6626 x 1074 J+s?
Angwerswill vary.

2. How doeslight intensity affect the Stopping Potential?

Light intensity does not appreciably affect the Stopping P otential.
Questions: Experiment 2 - Constant Frequency

1. How do the curves of current versus voltage for the one spectral line at three different intensities compare? In other
wotds how are the curves similar to each other?

The cutrent versus voltage curves for one spectral line and flhree different infensities are sumidar in that the stopping potential, -
1.1V, isthe same for all three curves The curves have the same overall shape.

2. How dothe curves of current versus voltage for the one spectral line st three cifferent intensities contrast? In other words,

how do the curves differ from each other?

The current versus voltage curves for one spectral line and three different intensities are different in the following way: The
am ount of photocurrent increases asthe size of the apertiwes inerease. Increased intensity inereages the amount of
photocwrrent.

Questions: Experiment 3 - Constant Intensity

1. How do the curves of current versus voltage for the three spectral lines at a constant intensity compare? In other words,
how are the curves similar to each other?

The current versus voltage curves have similar overall shapes.

2. How do the curves of current versus voltage for the three spectral lines at a constant intensity contrast? In other words,
how do the cwrves differ from each other?

The current versus voltage curves differ in that each curve has a different stopping potential. The stopping potentials increase
as the frequency increases (or wavelength decreases).
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Appendix C: Technical Support
For agsistance with the Photoelectric Effect Apparatus (SE-6609) or any other PASCO products, contact PASCO at:
Address: PASCO scientific Weh: WWW.Pasco.com

10101 Foothills Blvd.
Roseville, CA 95747

Phone: +1 916 786 3800 (worldwide) Email: suppornti@ pasco.com
(BOO) ¥72-8700 (USA)

Limited Warranty
For a description of the product warranty, see the PASCO catalog or the PASCO web site ot www pasco. com.

Copyright

The PASCO zcientific Fhotoelectric Effect Apperatus manual is copyrighted and all rights reserved. However, permissionis
granted to non-profit ecucationsl institutions for reproduction of sty part of the Photeeleciric Effect Apparahs manual,
providing the reproductions are wsed ondy for their laboratories and are not sold for profit. Feproduction under sy other
circumstances, without the wiitten consent of PASCO scientific, is prohibited

Trademarks

FASCO, PASCO scienfific, and PASCO Capstone ate trademarks or regstered trademarks of PASCO scientific in the United
States and in other countries. For mote inform aton visit www pasco com/legal.

Appendix D: Information about Using a PASCO ScienceWorkshop
Interface and Software

Using the Photoelectric Effect Apparatus with a 750 or 500 ScienceWorkshop Interface

Unlike the 850 Universal Interface, a 750 ar 500 3 cience'Woik shop Interface will not sutom atically detect and recognize the
Tunable DC (C onstant Voltage) Power Supply and the DC Cwirert Amplifier. However, these interfaces can still be used with
FASCO Capstone to detect the signals from these instrum ents.

1. Useanincluded UI-5219 8-Pin DIN male-to-male cable to commect each of the instruments to an analog channel on the
750 or 500 interface.

2. Inthe PASCO Capstone Hardweare S etup window, click the icon of the analog port that is commected to the DC Power
Supply and choose “DC Power Supply, Voltage” from the list.

3. Inthe PASCO Capstone Hardweare Setup window, click the icon of the analog port that is cormected to the Current
Amplifier and choose “Current Amplifier” from the list.

4. Create two digits displays inPASCO Capstone and choose the Current for one display and the Voltage for the other. Click
“Fecord” and these displayswill show the current from the Current Amplifier in amps and the voltage from the DC
Power Supplyin volts.

Calibration of the Interface Connections:

1. The actual voltage reading from the DC Power Supply Voltage interface commection is multiplied by 10 in the softweare so
it matches the digital readowut on the DC Power Supply. F or instance, if the DC Power Supply Voltage digital display
reads -1 42 V, the interface output will be -0.142 V, but the software will correctly report -1 42 V.
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2. The actual voltage reading from the DC P ower Supply “Filament” (0-6 3V) interface connection is the same ag the i gital
readout on the DC Power Supply (0-6.3V). No mulliplication factor is necessary

3. Theinterface cornection for the DC Current Amplifier outputs a voltage equal to the digital readout divided by 1000, The
software multiplies by 1000 and also by the range. Forinstence, if the digital readout reads 21 when the range switchis

set on10°9 A thenthe output voltage of the interface connectionis0.021 V, but the software will correctly convert thisto
21x10MA

4. If you are using software cther than PASCO Capstone, identifiy the DC Power Supply and the DC Current Amplifier as
“Voltage Sensors” and use the caleulator in the software to cotrvert the voltage readings to the proper scale.

Appendix E: Product End of Life Disposal Instructions

Product End of Life Disposal Instructions:

Thiselectromc procuct is sulject to disposal and recycling regulations that vary by country and region. [tis
your tesponsibility to recyele your electromc equipment per your local environmental 1aws and regulations
to ensure that it will be recycled in a manner that protects lum an health and the envirorment. To find owt
where you can diop off your waste equipment for recycling please contact vour local waste recycle/disposal
service, of the place where you purchased the product.

The Ewopean Urion WEEE (Waste Electronic and Electrical Equipment) symbol here and on the product |
ot o its packaging indicates that this product must not be disposed of in a standard waste corntainer

Mercury Bulb Disposal Instructions:

Mercwry Bulbs contain chemicals that, if released, may affect the envaromment and lnunan heath Mercury Bulbs should be
collected seperately for recycling, and recycled at a local hazardous material disposal location adhering to your country and
local govertm ent regulations. To find out-where you can drop off your waste MercwyBulbs for recycling, please contact yowr
local waste disposal service, o the place where you purchased the product.




