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Zeeman Effect

PASCO Capstone® Software

USB CMOS 
Camera

Lens

Polarizer
Interference 

Filter Fabry-Perot 
Interferometer

Mercury 
Pen Lamp

Electromagnet

Power Supply 
for Hg lamp and 
electromagnet

Zeeman Effect ................................................................SE-9654 $8000
May be purchased separately:
Electromagnet ................................................................SE-9655 $3250
Tunable DC Power Supply 6A ......................................SE-9656 $1100
Optional:
Tesla Meter .....................................................................SF-7579A $590

A  Measure the Zeeman Effect with polarization perpendicular and parallel to the field

A  Observe the light along the magnet axis

A   Calculate the value of the Bohr Magneton

Includes 
• Electromagnet 
• Power supply 
• Optics 
• PASCO Capstone Single User License.

The optics and track come 
in an aluminum hard case 
with foam cut-outs for each 
component.

Field strength as a function of the current supplied to the magnet 
is included in a chart. To directly measure field strength, order the 
optional Tesla Meter (SF-7579).

The vertical position can be 
adjusted precisely with the 
fine-adjust mechanism.

Lens and polarizer mount can 
be adjusted vertically and 
horizontally.

End view through the axis of 
the magnet.

Electromagnet produces 
over one Tesla.

Specifications 
CMOS Camera and Lens 1/3”, 2M pixels, f=50 mm, RA=1:4
Fabry-Perot Interferometer l=546.1 nm
Collimating Lens f=125 mm
Mercury Lamp 10A, 3W
Electromagnet 5A, 1.2T,    7.4 mm gap
Tunable DC Power Supply 110V/220V, 6A
Precision Adjustable 
  Optical Mount F45 mm, 2D
Horizontal Optical Mount F45 mm, travel = 36 mm, 2D
Track length 600 mm

˜

In this experiment, the student observes the interference pattern 
from a Fabry-Perot interferometer that results from the 546.1 nm 
spectral line of a mercury lamp immersed in a uniform magnetic 
field. The magnetic field is varied from zero to nearly 1 Tesla.

Initially, the light is viewed along an axis perpendicular to the 
magnetic field axis. A polarizer is used to show the three lines due 
to light that is polarized parallel to the field axis and to show the six 
lines that are polarized perpendicular to the field axis. The pattern 
may also be viewed along the field axis where the light is circularly 
polarized.

Finally, the pattern that is polarized perpendicular to the field axis is 
used to calculate the Bohr magneton. All atomic magnetic moments 
are integral or half-integral multiples of the Bohr magneton.

SE-9654
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Hall Effect Apparatus ........................................................ SE-7260 $2200
Note: This apparatus can be used manually by reading the digital displays. Measuring the 
magnetic field requires a sensor or other Tesla meter. This apparatus includes connector cables 
for an 850 or 550 interface so data collection can be automated.
Required:
2-Axis Magnetic Field Sensor  ........................................ PS-2162 $160
850 or 550 Universal Interface  ........................................ UI-5000 or UI-5001
PASCO Capstone Software

Hall Effect Apparatus 
(n-doped Germanium)
A  Variable magnetic field and current
A  Open design makes current direction clear
A  Works with 550 or 850 Universal Interface

2-D Magnetic Field 
Sensor

Hall Probe

Universal 
550 Interface

Electromagnet

Includes 
• Hall Probe Unit, n-Semiconductor (GaAs)
• Hall Effect Power Supply
• U-Core Electromagnetic Coil
• Track, Length 40 cm
• Optical Carrier (2)
• Adjustable Post Holder with 9 cm Post (2)
• Banana Cords (6)
• Connecting Cables for 550/850 Interface (2)
• Manual

Specifications 
n-Doped Semiconductor Material: GaAs
Hall sensitivity: ≥150 mV/(mA·T)
U-core Electromagnetic Coil (1000 Turns)
Magnet Space: 10 mm
Magnet Field: 0 to 0.065 T (at 1A)
Excitation Current:  0 to 1 A DC
Hall Voltage: 0 to 1.9999 V
Power Supply Digital Readout for Current, 
Hall Voltage, and Magnet Current

Using the 550 Universal Interface to record data, 
this plot of the Hall Voltage vs. the Current was 

made in PASCO Capstone software. In this case, the 
magnetic field was held constant and the current 

through the semiconductor was varied.

The directions of the current and the voltage probe are clearly marked 
on the probe that holds the semiconductor.

PASCO Advantage
The open design of this Hall Effect apparatus makes it possible for 
students to see the direction of the current and the magnetic field, 
enabling them to use the sign of the Hall voltage to deduce the sign 
of the charge carriers.

The Hall Effect experiment (conducted by Edwin Hall in 1879) determines the sign 
of the charge carriers in current flow. A current can be thought of as a negative 
charge moving in one direction (Figure 1) or as a positive charge moving in the 
opposite direction (Figure 2). To determine which it actually is, the semiconductor is 
immersed in the magnetic field transverse to the direction of flow of current. The 
moving charge experiences a qv x B force, causing a charge build-up on one side of 
the semiconductor (creating an electric field), which in turn leads to a qE force. The 
direction of the electric field will depend on the sign of the charge carriers and the 
polarity of the Hall voltage across the semiconductor reveals this sign.
The magnitude of the Hall voltage is dependent on the current, the charge carrier 
density, and the magnitude of the magnetic field. In modern day electronics,  
the Hall Effect is used to measure the magnitude and direction of magnetic fields. Figure 1 Figure 2

SE-7260
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Photoelectric Effect System
A  �Find Planck’s Constant to within 5%
A  Verify the stopping voltage is independent of intensity
A  Find characteristics of photodiode

Photoelectric Effect System ............. SE-6609 $3700
If you already have the Power Supply and Amplifier, 
you will need:
Basic Photoelectric Effect 
Apparatus ............................................. SE-6614 $2000
Replacement Parts:
Photoelectric Tube with Box Plate .. SE-6612 $549

The Photoelectric Effect System is used to perform the photoelectric experiment, determining Planck’s Constant to within 5%. 
This apparatus uses the conventional method of determining Planck’s Constant. The metal plate in the photodiode is illuminated 
with various frequencies of light, selected from a mercury lamp using filters. The voltage is then adjusted to stop the photoelectric  
current. The stopping voltage is plotted versus the frequency and Planck’s Constant is determined from the slope of the graph.
The concept that the stopping voltage does not change with light intensity is tested using the various apertures that vary the 
light intensity by partially blocking the light.

The filters and the apertures are built into 
the front of the photodiode case, making 
it easy to keep clean and eliminating the 
need for a separate storage box. To change 
the aperture size in order to investigate the 
affect of different light intensities, simply 
pull outward on the aperture ring and rotate 
it to a different aperture. The filter wheel 
rotates independently of the aperture ring 
to select different frequencies of light. The 
wheel clicks into place, assuring that the 
filter is aligned with the aperture.

Specifications 
Current Amplifier 
  Measuring Range: 10-8 to 10-13 A, in six ranges
Voltage Output for Photoelectric Tube 
  Voltage Adjustment: –4.5 V to 0 V and –4.5 V 

to +30 V (two ranges), 4 digit display.
Photoelectric Tube 
 Spectral Response Range: 300–700 nm
 Anode: nickel ring
Optical Filters 
  Five Filters with Central Wavelengths:  

365.0, 404.7, 435.8, 546.1, and 578.0 nm

For the typical sample data shown, the graph of stopping voltage versus frequency gives a slope of 4.2 x 10-15 
V·s. This results in a value for Planck’s Constant of 6.7 x 10-34 J·s, which is 1.3% above the accepted value. 
Graph generated using PASCO Capstone™ Software and 850 Interface.

Aperture 
Selection 
Ring

Filter 
Wheel

Can be used with 
the 850 Interface 
(UI-5000) and 
PASCO Capstone

Mercury Lamp Mercury Lamp
Power Supply Photodiode

DC Current 
Amplifier

DC Power  
Supply I

SE-6609 includes:
• Basic Photoelectric Effect (SE-6614)
• DC Current Amplifier (SE-6621)
• DC Power Supply I (SE-6615)

SE-6614 includes:
• Mercury Light Source with Hg Tube (SE-6608)
• Photodiode enclosure with tube and track and cables

SE-6609
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Franck-Hertz Apparatus

850 Universal Interface 
Connections 
for Instrument Readout

DC Current Amplifier

DC Power Supply II

Argon Tube

DC Power Supply I

A Uses argon gas so no heating is required

A Digital displays for stand-alone use

A  Can be used with the 850 Interface 
and PASCO Capstone

Introduction
As early as 1914, James Franck and Gustav Hertz discovered in 
the course of their investigations an energy loss in distinct steps 
for electrons passing through mercury vapor and a corresponding 
emission at the ultraviolet line (λ= 254 nm) of mercury. They 
performed this experiment that has become one of the classic 
demonstrations of the quantization of atomic energy levels. 
They were awarded the Nobel Prize for this work in 1925.

This diagram shows the internal 
structure of the Franck-Hertz tube 
and the wiring diagram.

The advantage of using Capstone is that students are able to get many more 
data points compared to manually taking readings from the digital readouts. 
The peaks and troughs are easily measured using the coordinate tool.

The system can be used stand-alone 
or with the 850 Interface and PASCO 
Capstone. Each power supply and the 
current amplifier can be connected 
to 850 analog ports so Capstone can 
record the data.

How it works
Electrons are accelerated by applying a known potential between 
two grids inside the argon tube. When an electron has sufficient 
kinetic energy to excite one of argon’s outer orbital electrons and 
has an inelastic collision with an argon atom, the electron loses a 
specific amount of kinetic energy. This loss of electron kinetic 
energy causes a decrease in the electron current in the argon tube. 
The excited argon electron will within a very short time fall from the 
excited state back into the ground state level, emitting energy in the 
form of photons. 
As the accelerating voltage is increased, the electrons undergo 
multiple collisions and the excitation energy of the argon atom can 
be determined by the differences between the accelerating voltages 
that cause a decrease in the current. Planck‘s Constant can be 
determined.

Specifications 
Filling gas: argon
Filament Voltage: ≤6.3 VDC
Accelerating Voltage: ≤100 VDC
Wave crest(or trough) number: 6
Argon Tube Life span: ≤3000 hrs

Franck-Hertz System ......................................................... SE-9639  $3600 
Power supplies & amplifier can be purchased separately. See p. 6
If you already have power supplies, you will need:
Franck-Hertz Tube Enclosure 
with Ar Tube ........................................................................ SE-9650  $900
Replacement Parts:
Franck-Hertz Argon Tube ................................................. SE-9645  $589

Franck-Hertz System (SE-9639) Includes:
• Franck-Hertz Tube Enclosure with Argon Tube (SE-9650)
• Tunable DC (Constant Voltage) Power Supply I (SE-6615)                
• Tunable DC (Constant Voltage) Power Supply II (SE-9644)              
• DC Current Amplifier (SE-6621)
• Red and Black Patch Cords

SE-9639
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Specifications 
Hemholtz Coil Radius: 16 cm
Number of Turns: 130
Maximum Current: 3.5 A
Filament Voltage: 6.3 VAC
Acceleration Voltage: 0 - 200 V
Tube Diameter: 15.5 cm

Electron Charge-to-Mass Ratio System .................................................. SE-9629  $3700
If you already have power supplies, you will need:
Helmholtz Coils (without tube) ................................................................... SE-9626  $1000
e/m Tube  ....................................................................................................... SE-9651  $699
Replacement Parts:
e/m Tube (for SE-9629) ................................................................................ SE-9651  $699

In 1897, J. J. Thomson showed that the mysterious 
cathode rays were actually negatively charged 
particles—he had dis cov ered the electron. In the 
same year he measured the charge-to-mass ratio 
of the electron, providing the first mea sure ment of 
one of the fundamental constants of the universe.

The Charge-to-Mass Ratio System reproduces 
one version of Thomson’s landmark exper iment, 
providing an accurate measurement of the 
charge-to-mass ratio of the electron. And, since 
the electron tube can be rotated through 90°, 
students can also make a more general study of 
the behavior of electrons in a magnetic field.

This apparatus also has deflection plates, so 
students can study the effect of an electric field 
on moving electrons.

SE-9629

How It Works
A large, helium-filled electron tube is mounted between a pair of 
Helmholtz coils. The tube contains an electron gun, which generates 
a focused beam of electrons. A measured current is applied to the 
Helmholtz coils so that the magnitude of the magnetic field within 
the electron tube can be calculated. A measured accelerating  
po ten tial (V) is then applied to the electron gun. The magnetic field 
(B) deflects the electron beam in a circular path with a radius (r) that 
is measured using the il lu mi nat ed mm scale. From these mea sured 
values, the charge-to-mass ratio of the electron is cal cu lat ed:

e/m = 2V/B2r2. 

(The details of the calculations are fully described in the manual.)

Fluorescent scale 
shows behind the 
electron beam in a 
dark room.

Complete Charge-to-Mass Ratio System includes the power supplies, which can also 
be used in other experiments (such as Franck-Hertz experiment, see page 4).

A  Sharp, clearly visible electron beam

A  Phosphorescent mirrored scale eliminates parallax errors

A  Tube rotates for general study of electrons in a magnetic field

Electron Charge-to-Mass Ratio System 
(SE-9629) includes:
• Helmholtz Coils without tube (SE-9626)                                             

• e/m Tube (SE-9651)

• Tunable DC (Constant Current) Power Supply (SE-9622)

• Tunable DC (Constant Voltage) Power Supply II (SE-9644)

• Red and Black Patch Cords

Electron Charge-to-Mass Ratio System
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DC (Constant Voltage) 
Power Supply I ..............................................................SE-6615 $800

DC (Constant Voltage) 
Power Supply II .............................................................SE-9644 $1000

DC (Constant Voltage) Power Supply I
SE-6615

A  0 to 6.3 V DC, 1 A maximum
A  -4.5 to 0 V DC, 10 mA maximum
A  -4.5 to 30 V DC, 10 mA maximum

A  0 to 12 V DC, 1 A maximum
A  0 to 100 V DC, 30 mA maximum
A  0 to 200 V DC, 30 mA maximum

DC (Constant Voltage) Power Supply II
SE-9644

Tunable DC (Constant Current)  
Power Supply ................................................................SE-9622 $900 DC Current Amplifier ....................................................SE-6621 $900

A  0 to 3.5 A DC, 20 V 
maximum

A  Fixed 6.3 V AC, 1A 
maximum

A  Detects Picoamp currents
A  Six ranges from 10-8 A to 10-13 A

This constant current power supply has a digital readout for the 
current, which can be tuned from 0 to 3.5 A DC. It also has a  
6.3 V AC power supply for heating filaments. A High Current Sensor 
(PS-2193 or CI-6740) can read the current when using this power 
supply with interfacing experiments. Both DC and AC outputs are 
available simultaneously on separate floating output terminals.

Tunable DC (Constant Current)
Power Supply
SE-9622

DC Current Amplifier
SE-6621

Power Supplies and a Current Amplifier 
for Advanced Physics Experiments
The power supplies and instruments on this page are used in 
various advanced physics experiments involving finding fundamental 
constants (Photoelectric Effect, Franck-Hertz, and e/m). Since each 
experiment uses some combination of these, it is possible to 
purchase one of each to perform all three experiments, one at a time. 

Connect to a 550 or 850 Interface:
These instruments can be used stand-alone by reading the digital displays. However, they have special data collection ports for connecting 
a 550 or 850 Universal Interface to record data and analyze it in PASCO Capstone. Each type of voltage and current reading is automatically 
identified when the power supply is connected to a 550 or 850 analog port with the special cord (included).

Specifications
Independent floating ground reference

Maximum Voltage Input: 15 V

Zero drift:  ≤ 0.2% of full range 10-13A after 30 min.

Specifications
Independent floating ground reference

Ripple: <1%

Specifications
Independent floating ground reference

Ripple: <1%

The (0 to 6.3 V) output 
is independent of the 
(-4.5 to 0 V) and (-4.5 
to 30V) outputs, which 
share an output and are 
selected by pushing a 
button.

The (0 to 12 V) output is 
independent of the (0 to 
100 V) and (0 to 200V) 
outputs, which share an 
output and are selected 
by pushing a button.

 DC Power DC Power DC (Constant DC Current 
Experiment Supply I Supply II Current) Supply Amplifier

Photoelectric Effect 
X   X

  
(page 3)
Franck-Hertz 

X X  X
  

(page 4)

e/m (page 5)  X X 

Includes cords to connect 
to the 550 and 850.

Includes cords to connect 
to the 550 and 850.

Includes cords to connect 
to the 550 and 850.
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