














Physik  Chemie ⋅ Biologie Technik  LEYBOLD DIDACTIC GMBH

3/96-Sf-

Gebrauchsanweisung 451 30*
Instruction Sheet

The universal choke is designed for use with 230 V/50 Hz volt-
age for supplying (1 A) the apparatus:

• High-pressure mercury lamp (451 15) in lamp socket E 27
(451 19, series 3 on) or in the compact arrangement for deter-
mining Planck’s constant (558 79, series 2 on)

• Cadmium lamp for Zeemann effect (451 12), and

• Spectral lamps (451 011 - 451 111) in housing (451 16, series
2 on).

1 Safety notes

2 Description, technical data

1 Mains switch with integrated indicator lamp

2 DIN socket
Output current: 1 A

On rear of housing:

Appliance plug connector for mains power lead (included in
scope of supply)
Fuse holder, integrated in appliance plug, with operating
and spare fuse T 1.25 B

Mains connection voltage: 230 V/50 Hz
Dimensions: 20 cm x 21 cm x 23 cm
Weight: 5 kg

_____________________________________
*) Series 4

Die zum Anschluß an 230 V /50 Hz bestimmte Universaldrossel
dient zur Stromversorgung (1 A)

• der Quecksilber-Hochdrucklampe (451 15) in Fassung E 27
(451 19, ab Baureihe 3) oder in der Kompaktanordnung zur h-
Bestimmung (558 79, ab Baureihe 2),

• der Cadmium-Lampe für den Zeemann-Effekt (451 12)

• sowie der Spektrallampen (451 011 - 451 111) in Gehäuse
(451 16, ab Baureihe 2).

1 Sicherheitshinweise

2 Beschreibung, technische Daten

1 Netzschalter mit integrierter Betriebsanzeigeleuchte

2 Vielfachsteckbuchse
Ausgangsstrom: 1 A

Auf der Geräterückseite

Wannenstecker für Netzanschlußkabel (im Lieferumfang
enthalten)
Sicherungshalter, im Wannenstecker integriert, mit Be-
triebssicherung und Ersatzsicherung T 1,25 B

Netzanschlußspannung: 230 V/50 Hz
Abmessungen: 20 cm x 21 cm x 23 cm
Masse: 5 kg

_____________________________________
*) Baureihe 4

Universaldrossel in Gehäuse

Universal Choke in Housing

Fig. 1

• Do not switch on the apparatus until the special plug of the
socket in which the lamp is mounted has been correctly
connected to the DIN socket 2 (secure the connection
using the union nut of the special plug).

• Apparatus from older series (than those specified above)
must be returned to Leybold Didactic for conversion to
match the universal choke (451 30, series 4).

• Gerät erst einschalten wenn die Verbindung zwischen der
Vielfachbuchse 2 und dem Spezialstecker der mit der
Lampe bestückten Fassung ordnungsgemäß hergestellt
ist (Verbindung mit der Überwurfmutter des Spezial-
steckers sichern.)

• Geräte früherer Baureihen (als die oben angegebenen)
müssen zur Anpassung an die Universaldrossel (451 30,
Baureihe 4) bei Leybold-Didactic umgerüstet werden.
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3 Sicherungsaustausch (s. Fig. 2.1/2)

• Einsatz a (mit Fassung für Primärschmelzsicherung b und
Reservesicherung c) heraushebeln

• Defekte Sicherung b durch neue, auf richtigen Sicherungs-
wert überprüfte Sicherung c ersetzen

• Reservesicherung c einsetzen und Einsatz a  wieder ein-
schieben (Bestell-Nr. für 10 Sicherungen T 1,25 B: 698 16)

Fig. 2.2Fig. 2.1

3 Replacing the fuse (see Fig. 2.1/2)

• Pry out insert a (with holder for primary fuse b and reserve
fuse c). 

• Replace defective fuse b with a new one which has been
checked for the correct rating c.

• Insert reserve fuse c and replace the insert a (Cat. No. for
10 fuses T 1,25 B: 698 16).
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Instruction sheet 460 32

These devices are designed for optical arrangements which re-
quire precise and stable axis adjustment of the ray path and an
exact determination of distance.

Connecting the optical benches (460 32/33) with the auxiliary
bench (460 34) creates an arrangement suitable for experi-
ments with angled ray paths.

1 Description, scope of supply, technical data

1.1 Precision optical benches,
standardized cross-section (460 32/33)

1 Triangular aluminum rail, black anodized
Length: 1 m (Cat. No. 460 32)
2 m (Cat. No. 460 33) 

2 Millimeter scale
3 Double-sided groove for clamping of optic riders (460 351 ff.)
4 Groove for mounting support 5 and adjusting screw 8 in

any position.

5 Bench support
6 Leveling feet (constitute three-point stand base for optical

bench in conjunction with 8), height adjustment with
screws (6.1), height fixed using lock washers (6.2)

7 Screw (7.1) and lock nut (7.2) for mounting the bench sup-
port 5 in groove 4

8, 9 Screw with leveling foot of three-point stand base,
height adjustment of bench using knurled wheel (8.1);
with screw with transverse hole (9.1) and lock nut
(9.2) for attaching the leveling foot 8 in groove 4

A Holes for screws with transverse hole E for connecting the
optical benches (460 32/34) to the auxiliary bench (460 34);
see section 2.1.2

Weight: approx. 2.5 kg (Cat. No. 460 32)
approx. 7.2 kg (Cat. No. 460 33)

Precision Optical Bench,
Standardized Cross-Section, 1 m (460 32)

Precision Optical Bench,
Standardized Cross-Section, 2 m (460 33)

Auxiliary Bench with
Swivel Joint and Protractor (460 34)

Fig. 1.1 Precision optical bench, standardized cross-section, 1 m and 2 m (460 32/33)



1.2 Auxiliary bench with swivel joint and protractor
(460 34)

1 - A Auxiliary rail like optical benches with standardized
cross-section (460 32/33), see section 1.1;
Length: 0.5 m

B Swivel joint for connection of optical benches (460 32/33)
to the auxiliary bench (460 34) 

C Protractor, ± 90°, with 5° divisions
D Marking pin for indication of angle
E Screws with transverse hole with washers, for mounting

swivel joint B in holes A (Fig. 2) 
F Tool for E

Weight: approx. 1.8 kg

2 Operation

2.1 Assembly

2.1.1 Assembling the three-point stand base
(required only before first use)

Insert screw (7.1) through the mounting hole of support 5; fix
the lock nut (7.2) in position in groove 4 and support 5 by
tightening screw (7.1) at a distance of about 5 cm from the be-
ginning and end of the optical benches.

Screw lock nut (9.2) onto screw with transverse hole (9.1) and
insert it in groove 4. Tighten the screws with transverse hole
about 5 cm from the beginning and end of the optical bench and
screw the leveling foot into the threaded hole of (9.1). 

2.1.2 Swivel joint between optical benches (460 32/33) and
auxiliary bench with swivel joint and protractor
(460 34); see Fig. 2

Screw the screws with transverse hole E into holes A (no
more than two full turns), place them in swivel B as shown in
Fig. 2 and tighten them using the tool F. 

2.2 Recommended clamp riders and setup aids:

For setting up components in the optical axis:

Optics riders (460 351/2/3/7)

For tilting components out of the optical axis:

Tilting rider (460 354)

For moving components perpendicular to the optical axis:

Sliding rider (460 355)

For positioning components over the swivel point of two linked
optical benches:

Cantilever arm 100 mm (460 356)

For attaching apparatus with threaded rods (e.g. flint-glass
square with holder, 560 481)

Rider base with threaded holes, 1 x M8 and 4 x M5
(460 358)

Fig. 1.2  Auxiliary bench with swivel joint and protractor (460 34)

Fig. 2
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Instruction sheet 562 11 

U core with yoke (562 11) 
Clamping device (562 121) 
 
 
 
 
 
 
 
 
 
 
1 U core (1a) with yoke (1b), fixing bolt (1c) 
2 Clamping device 

 

1 Description 
The U core with yoke (562 11) and the clamping device 
(562 12) are intended for the assembly of the demountable 
transformer with the coils indicated in chapter 3. 
 

2 Technical data 
Cross section: 4 cm × 4 cm 
Width of U core and  
length of yoke: 15 cm 
Heigth of U core: 13 cm 
Material:  Iron, laminated 
Max. relative permeability µr 
at the initial curve: approx. 2200 at H = 120 A m-1

 
Hysteresis curve of the U core with yoke 

3 Suitable coils 
Low voltage coil N = 250   562 13 
Low voltage coil N = 480, I = 10 A  562 131 
Low voltage coil N = 500   562 14 
Low voltage coil N = 1000   562 15 
High voltage coil N = 10000  562 16 
High voltage coil N = 23000  562 17 
Extra-low voltage coil N = 50  562 18 
Mains coil 230 V  562 21 
Mains coil 115 V  562 22 
 

4 Use 
- Mount primary and secondary coil. 
- Put unpainted side of the yoke on the U core. 
- Clamp yoke using the clamping device. 
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5 Clamps 
The clamps are used to secure coils to the U-core of the 
demonstration transformer in case it is used without pole 
pieces. 
The two clamps are made of steel wire and so bent that their 
ends can engage resiliently with the two pairs of lateral bores of 
a U-core 
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Instruction sheet 460 135 

Eyepiece with line-graduated scale, in barrel  
(460 135) 
 
 
 
 
 
 
 
 
 
 
 
 
1 Eyepiece, adjustable 
2 glass plate with horizontal line-graduated scale 
3 barrel 
4 shaft 

 
1 Description 
The eyepiece with line-graduated scale serves to meas-
ure a real image in an optical construction. For that the 
image in the plane of the line-graduated scale is ob-
served with the eyepiece. The glass plate with the line-
graduated scale is situated in the focus of the eyepiece. 
 
 
 
2 Technical data 
Eyepiece magnification: times-ten 
Line-graduated scale: 100 graduation marks in  

10 mm 
Diameter of the barrel: 13 cm 
Diameter of the shaft: 10 mm 
Mass: 200 g 

3 Handling  

 
- Focus on the line-graduated scale individually by turning the 

eyepiece (vary the distance from the scale). 
- Displace either the eyepiece with the line-graduated scale or 

the image plane so that the image plane and the plane of 
the scale coincide. 

 

4 Care and cleaning 
- To prevent the eyepiece from getting dusty, do not store it 

lying. 
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- If necessary, wipe the lens and the glass plate care-
fully with a piece of lint-free cloth. 
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Instruction sheet 471 221 

Fabry-Perot etalon in holder (471 221) 
 
 
 
 
 
 
 
 
 
 
 
 
1 Stationary etalon  
2 Adjusting screws  
3 Holder  
4 Handle  

 
1 Description  
The Fabry-Perot etalon is used to construct a high-resolution 
interferometer suited for experiments dealing with the Zeeman 
effect. The built-in stationary etalon is an extremely planeparal-
lel glass plate with a semi-transparent mirror plating. The mir-
ror plating is optimized for the red Cd line (λ = 643.8 nm). 
When slightly divergent monochromatic light passes the plate, 
the interference fringe of equal inclination appears as a system 
of concentric circles behind the Fabry-Perot etalon. 
The inclination of the stationary etalon relatively to the optical 
axis can be varied by means of adjusting screws. 

 
2 Transmission curve 

 

3 Technical data  
Stationary etalon: 
Diameter: 25 mm 
Thickness: 4 mm 
Flatness: 32 nm ( λ/20) 
Material: Suprasil 
Refractive index: 1.457 
Transmission: approx. 15 % at 644 nm  

(see transmission curve) 
Resolution: approx. 400 000 at 644 nm 
Holder: 
Diameter: 13 cm 
Diameter of the handle: 10 mm 
Mass: approx. 300 g 

 
 
4 Storage and cleaning  
- Keep the Fabry-Perot etalon standing to prevent it from 

getting dusty. 
- If necessary, wipe the etalon with a piece of lint-free cloth.  
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5 Principle of operation  
5.1 Optical path through the stationary etalon: 

 

 
5.2 Condition for interference: 

2 22 2k d n sin d n cos⋅λ = ⋅ − α = ⋅ ⋅ ⋅ β  

6 Example of an experiment  
Observing the ring-shaped interference pattern: 

 
a He-Ne laser, 632.8 nm (471 480) 
b Lens f = + 5 mm (460 01) 
c Fabry-Perot etalon 
When the light passes the etalon, the system of circles formed 
by narrow red lines (632.8 nm) can be observed on the screen.  
The reflected light generates the inverse image, that is, narrow 
(black) circles on a red background. To observe this, hold a 
sheet of white paper immediately near the expansion lens. 
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LD 
Physics  
Leaflets

Optics 
Geometrical optics 
Laws of imaging 

Determining the focal lengths 
at collecting lenses through 
autocollimation 

Objects of the experiment 
g Determination of the focal length of a collecting lens by the method of autocollimation. 

 

B
i 0

20
5 

Principles 
The focal length of lenses can be determined by a variety of 
means. The basis for the different procedures are the laws of 
imaging. 
In this experiment the method of autocollimination is used to 
determine the focal length of a collecting or convergent lens. 
This method makes use of the reversibility of the ray path for 
incident parallel light propagated along the axis and for rays 
through the focal point:  
The parallel light beam is reflected by a mirror behind the lens 
so that the image of an object is viewed right next to that 
object (Fig. 1). The distance d between the object and the 
lens is varied until the object and the image are exactly the 
same size. Then, the focal length is given by: 
 
f = d (I) 
 
 
 
 

 

 
Fig. 1: Schematic diagram of the experimental setup. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Setup 
- Set up the lamp with the aspherical condenser on the 

optical bench as depicted in Fig. 1. 
- Position the lens f = +150 mm in such a manner that the 

light passes through the lens along the optical axis. The 
distance between the lens and the diaphragm holder of 
lamp should be in the order of magnitude of the expected 
focal length. 

- Insert the transparency with the grid pattern (object) and a 
white sheet of paper (screen to observe the image of the 
object) according Fig. 1 into the diaphragm holder of the 
lamp. Both the white paper and transparency should cover 
half of the condenser lens. 

- Arrange the mirror behind the lens. The plane of the mirror 
should be inclined slightly (around 1° to 3°) with respect to 
the plane of the lens. The distance between the lens and 
the mirror can be chosen to be less then the focal length. 

 
 
 

Apparatus 
1 Incandescent lamp 6 V / 30 W ........................... 450 51 
1 Lamp housing with cable ................................... 450 60 
1 Aspherical condenser with diaphragm holder .... 460 20 
1 Transformer 6 V / 12 V....................................... 521 210 
1 Lens in frame f = +150 mm ................................ 460 08 
1 Lens in frame f = +300 mm ................................ 460 09 
1 Pair of objects for investigating images.............. 461 66 
1 Plane mirror with ball joint .................................. 460 28 
1 Small optical bench............................................ 460 43 
1 Stand base, V-shaped, 20 cm............................ 300 02 
3 Leybold multiclamp ............................................ 301 01 
1 Steel tape measure, l = 2 m/78"......................... 311 77 
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Carrying out the experiment 
The experiment should be performed in a darkened room. 
- Position the lens f = +150 mm about the expected focal 

length apart from the diaphragm holder of the lamp. 
- Shift the mirror towards the lens until the distance between 

lens and mirror is in the order of magnitude of half of the 
expected focal length. A diffuse image of the grid pattern 
should occur adjacent to the original on the white paper in 
the diaphragm holder. 

- Vary the distance of the lens until a sharp image of the 
object can be observed on the white paper in the dia-
phragm holder. It might be necessary to adjust the posi-
tions of the mirror and the lens until the image has the 
same size as the original. 

- Measure the distance d between lens and object plane 
(image plane) with the steel tape measure. 

- Repeat the experiment with other lenses. 
 
 

Measuring example 
Table. 1: Comparison of the measured and given focal length 

Focal length f / mm 
given 

+300 +150 +200* +100* 

Focal length f / mm 
measured 

295 151 198 101 

*Lenses from experiment P5.1.2.1 
 
 

Evaluation and results 
If the light emitted by a illuminated (or luminous) object ar-
ranged in the focal plane of a convergent lens is incident as a 
parallel light beam on a planer mirror positioned behind the 
lens, it is reflected in the opposite direction as parallel light 
behind the lens refracted towards the focus. Thus an image 
of the original object is produced in the plane of the lens 
(principle of determination of the focal length by autocollima-
tion). 
 



Fig. 1 Level splitting and transitions of the normal Zeeman effect
in cadmium 

Atomic and nuclear physics
Atomic shell
Normal Zeeman effect

LD
Physics
Leaflets

Observing the
normal Zeeman effect
in transverse and
longitudinal configuration

Spectroscopy with a Fabry-Perot etalon

Objects of the experiment 
Observing the line triplet for the normal transverse Zeeman effect.

Determining the polarization state of the triplet components.

Observing the line doublet for the normal longitudinal Zeeman effect.

Determining the polarization state of the doublet components.

Principles 

Normal Zeeman effect:

The Zeeman effect is the name for the splitting of atomic energy
levels or spectral lines due to the action of an external magnetic
field. The effect was first predicted by H. A. Lorenz in 1895 as
part of his classic theory of the electron, and experimentally
confirmed some years later by P. Zeeman. Zeeman observed
a line triplet instead of a single spectral line at right angles to
a magnetic field, and a line doublet parallel to the magnetic
field. Later, more complex splittings of spectral lines were

observed, which became known as the anomalous Zeeman
effect. To explain this phenomenon, Goudsmit and Uhlenbeck
first introduced the hypothesis of electron spin in 1925. Ulti-
mately, it became apparent that the anomalous Zeeman effect
was actually the rule and the “normal” Zeeman effect the
exception.

The normal Zeeman effect only occurs at the transitions be-
tween atomic states with the total spin S = 0. The total angular
momentum J = L + S of a state is then a pure orbital angular
momentum (J = L). For the corresponding magnetic moment,
we can simply say that:

� = 
�B

�
J (I)

where

�B = 
   �e  
−2 me

(II)

(mB = Bohr’s magneton, me = mass of electron, e = elemen-
tary charge, � = h/2�, h = Planck’s constant).

In an external magnetic field B, the magnetic moment has the
energy

E =  − � ⋅ B (III) 

The angular-momentum component in the direction of the
magnetic field can have the values

Jz = MJ ⋅ � with MJ = J, J – 1, …, –J (IV)

Therefore, the term with the angular momentum J is split into
2 J + 1 equidistant Zeeman components which differ by the
value of MJ . The energy interval of the adjacent components
MJ , MJ+1 is

�E = �B ⋅ B (V). 

We can observe the normal Zeeman effect e.g. in the red
spectral line of cadmium (�0 = 643,8 nm, f0 = 465,7 THz). It
corresponds to the transition 1D2 (J = 2, S = 0) → 1P1 (J = 1,
S = 0) of an electron of the fifth shell (see Fig. 1). In the
magnetic field, the 1D2 level splits into five Zeeman com-
ponents, and the level 1P1 splits into three Zeeman com-
ponents having the spacing calculated using equation (V).
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Optical transitions between these levels are only possible in
the form of electrical dipole radiation. The following selection
rules apply for the magnetic quantum numbers MJ of the states
involved:

= ±1 for � components
= 0 for � components (VI)

Thus, we observe a total of three spectral lines (see Fig. 1); the
� component is not shifted and the two � components are
shifted by

�f = ± 
�E
h

(VII) 

with respect to the original frequency. In this equation, �E is
the equidistant energy split calculated in (V).

Angular distribution and polarization

Depending on the angular momentum component �MJ in the
direction of the magnetic field, the emitted photons exhibit
different angular distributions. Fig. 2 shows the angular dis-
tributions in the form of two-dimensional polar diagrams. They
can be observed experimentally, as the magnetic field is char-
acterized by a common axis for all cadmium atoms.

In classical terms, the case �MJ = 0 corresponds to an in-
finitesimal dipole oscillating parallel to the magnetic field. No
quanta are emitted in the direction of the magnetic field, i.e.
the �- component cannot be observed parallel to the magnetic
field. The light emitted perpendicular to the magnetic field is
linearly polarized, whereby the E-vector oscillates in the direc-
tion of the dipole and parallel to the magnetic field (see Fig. 3)

Conversely, in the case �MJ = ±1 most of the quanta travel in
the direction of the magnetic field. In classical terms, this case
corresponds to two parallel dipoles oscillating with a phase
difference of 90�. The superposition of the two dipoles pro-
duces a circulating current. Thus, in the direction of the mag-
netic field, circularly polarized light is emitted; in the positive
direction, it is clockwise-circular for �MJ = +1 and anticlock-
wise-circular for �MJ = −1 (see Fig. 3).

Spectroscopy of the Zeeman components

The Zeeman effect enables spectroscopic separation of the
differently polarized components. To demonstrate the shift,
however, we require a spectral apparatus with extremely
high resolution, as the two � components of the red cadmium
line are shifted e.g. at a magnetic flux density B = 1 T by only
�f = 14 GHz , respectively �� = 0,02 nm.

Apparatus
1 cadmium lamp for Zeeman effect  .  .  .  . 451 12

1 U-core with yoke  .  .  .  .  .  .  .  .  .  .  .  .  . 562 11
2 coils, 10 A, 480 turns  .  .  .  .  .  .  .  .  .  .  . 562 131
1 pair of pole pieces with large bores  .  .  . 560 315

1 Fabry-Perot etalon  .  .  .  .  .  .  .  .  .  .  .  . 471 221

2 positive lenses with barrel, 150 mm  .  .  . 460 08
1 quarter-wave plate  .  .  .  .  .  .  .  .  .  .  .  . 472 601
1 polarization filter  .  .  .  .  .  .  .  .  .  .  .  .  . 472 401

1 holder with spring clips  .  .  .  .  .  .  .  .  .  . 460 22
1 filter set, primary  .  .  .  .  .  .  .  .  .  .  .  .  . 467 95
or
1 holder for interference filter  .  .  .  .  .  .  .  . 468 41
1 interference filter, 644 nm .  .  .  .  .  .  .  .  . 468 400

1 ocular with line graduation  .  .  .  .  .  .  .  . 460 135

1 precision optical bench, standardized

  cross section, 1 m  .  .  .  .  .  .  .  .  .  .  .  . 460 32
1 rider base with thread .  .  .  .  .  .  .  .  .  .  . 460 358
7 optics rider 60/50  .  .  .  .  .  .  .  .  .  .  .  .  . 460 351

1 universal choke for 451 12  .  .  .  .  .  .  .  . 451 30
1 high current power supply  .  .  .  .  .  .  .  . 521 55

Connecting leads with conductor cross-section 2.5 mm2

Fig. 2 Angular distributions of the electrical dipole radiation
(�MJ: angular-momentum components of the emitted pho-
tons in the direction of the magnetic field)

Fig. 3 Schematic representation of the polarization of the
Zeeman components
(�MJ: angular-momentum components of the emitted pho-
tons in the direction of the magnetic field)


∆MJ 


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In the experiment a Fabry-Perot etalon is used. This is a glass
plate which is plane parallel to a very high precision with both
sides being aluminized. The slightly divergent light enters the
etalon, which is aligned perpendicularly to the optical axis, and
is reflected back and forth several times, whereby part of it
emerges each time (see Fig. 4). Due to the aluminizing this
emerging part is small, i.e., many emerging rays can interfere.
Behind the etalon the emerging rays are focused by a lens on
to the focal plane of the lens. There a concentric circular fringe
pattern associated with a particular wavelength � can be
observed with an ocular. The aperture angle of a ring is identical
with the angle of emergence � of the partial rays from the
Fabry-Perot etalon.

The rays emerging at an angle of �k interfere constructively
with each other when two adjacent rays fulfil the condition for
“curves of equal inclination” (see Fig. 4):

� = 2d ⋅ √ n2 − sin 2�k  = k ⋅ � (VIII)
(� = optical path difference, d = thickness of the etalon,
n = refractive index of the glass, k = order of interference)).

A change in the wavelength by �� is seen as a change in the
aperture angle by ��. Depending on the focal length of the lens,
the aperture angle � corresponds to a radius r and the change
in the angle �� to a change in the radius �r. If a spectral line
contains several components with the distance ��, each circu-
lar interference fringe is split into as many components with
the radial distance �r. So a spectral line doublet is recognized
by a doublet structure and a spectral line triplet by a triplet
structure in the circular fringe pattern.

Setup

The complete experimental setup in transverse configuration
is illustrated in Fig. 5.

Fig. 4 Fabry-Perot etalon as an interference spectrometer.
The ray path is drawn for an angle � > 0 relative to the opti-
cal axis. The optical path difference between two adjacent
emerging rays is � = n ⋅ �1 – �2.

Fig. 5 Experimental setup for observing the Zeeman effect in
transverse configuration. The position of the left edge of
the optics riders is given in cm.

a Cadmium lamp with holding plate
b Clamps
c Pole pieces
d Positive lens, f = 150 mm (condenser lens)
e Fabry-Perot etalon
f Positive lens, f = 150 mm (imaging lens)
g Colour filter (red) in holder
h Ocular with line graduation
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Mechanical and optical setup:

– Screw the threaded rod into the base of the rider.
– Put the U-yoke over the threaded rod on the base of the

rider so that it is freely rotatable and put on the coils.
– Mount the pole pieces and the holding plate of the cad-

mium lamp using the clamps so that a distance of approx.
10 mm is left between the pole pieces and that the opening
of the holding plate points to the back. Do not yet fasten
the screws of the clamps.

– Cautiously insert the cadmium lamp between the pole
pieces. 

See to it that the cadmium lamp is exactly in the middle of
the pole pieces, that the point where the bulb is sealed off
points to the back and that the supply leads are swivelled
out of the ray path as far as possible.

– If necessary, reduce the distance between the pole pieces
in order that later on a stronger magnetic field is available.

– Fix the pole pieces and the holding plate with the screws
of the clamps.

– Mount the optical components according to Fig. 5. 

Electrical connection:

– Connect the cadmium lamp to the universal choke; after
switching on wait 5 min until the light emission is suffi-
ciently strong.

– Connect the coils of the electromagnet in series and then
to the high current power supply.

Adjusting the observing optics:

Remark: the optimum setup is achieved when the red circular
fringe pattern is bright and contrasty with its centre on the line
graduation. While adjusting do not yet insert the polarization
filter and the quarter-wave plate in order that the observed
image is as bright as possible.

– Focus the ocular at the line graduation.
– Move the imaging lens until you observe a sharply defined

image of the circular fringe pattern.
– Move the condenser lens until the observed image is illumi-

nated as uniformly as possible.
– Shift the centre of the circular fringe pattern to the middle

of the line graduation by slightly tipping the Fabry-Perot
etalon with the adjusting screws. 

If the adjustment range does not suffice:

– Rotate the Fabry-Perot etalon with its frame or adjust the
height of the imaging lens and the ocular to each other.

Fig. 6 Setup in transverse configuration (above) and in longitudinal configuration (below), as seen from above. 

i Quarter-wavelength plate
k Polarization filter
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Carrying out the experiment

a) Observing in transverse configuration:

– First observe the circular fringe pattern without magnetic
field (I = 0 A).

– Slowly enhance the magnet current up to about I = 3 A until
the split fringes are clearly separated.

For the distinction between � and � components:

– Introduce the polarization filter into the ray path (see Fig. 6),
and set it to 90� until the two outer components of the triplet
structure disappear.

– Set the polarization filter to 0� until the (unshifted) com-
ponent in the middle disappears. 

b) Observing in longitudinal configuration:

– Rotate the entire setup of the cadmium lamp with the pole
pieces on the rider base with thread by 90�.

– First observe the circular fringe pattern without magnetic
field (I = 0 A).

– Slowly enhance the magnet current up to about I = 3 A until
the split fringes are clearly separated.

For the distinction between �+ and �- components:

– Introduce a quarter-wavelength plate into the ray path
between the cadmium lamp and the polarization filter (see
Fig. 6), and set it to 0�.

– Set the polarization filter to +45� and −45�. In each case one
of the two doublet components disappears.

Measuring example and evaluation

a) Observing in transverse configuration: see Fig. 7

b) Observing in longitudinal configuration: see Fig. 8

Additional information 

The total intensity of all Zeeman components is the same in all
spatial directions. In transverse observation, the intensity of
the � component is equal to the total intensity of the two �
components.
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Fig. 7 top: Circular fringe pattern associated with the Zeeman ef-
fect in transverse configuration
a) without polarization filter
b) direction of polarization perpendicular to the 

magnetic field
c) direction of polarization parallel to the magnetic field 

Fig. 8 bottom: Circular fringe pattern associated with the
Zeeman effect in longitudinal configuration 
a) without quarter-wavelength plate
b), c) with quarter-wavelength plate and polarization filter

for detecting circular polarization
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