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opening in its centre for introducing the oil droplets into the
capacitor chamber.
The base carries the lower electrode of the capacitor. The
capacitor connecting lines exit the pre-chamber and the base
on the side.
The capacitor chamber has three side openings at a distance
of 120° each.

1. Opening with a permanently mounted Plexiglas rod that
is used as the light guide for illumination.

2. Mica window for α-particles, which can be used to
change the charge of the oil droplets.

3. Opening for observing the oil droplets. If necessary, a
cover glass (18 mm x 18 mm, part no. 64685.00) can be
attached in front of this opening, using some oil in order
to reduce turbulence in the capacitor chamber.

Distance between the
capacitor plates: d = 2.50 mm ±0.01 mm
Capacitor voltage: 600 VDC max.

3.3 Illumination device (3)
Lamp housing with a halogen lamp. The lamp voltage is
connected via 4 mm-sockets on the back panel of the
housing. A Plexiglas rod is used as the light guide to the
capacitor chamber. The lamp housing is mounted on the
base plate with a knurled screw and can be easily rotated
after the screw has been released in order to ensure the
optimal illumination of the capacitor chamber.

Lamp voltage: 6 V/10 W (±10%)
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1 SAFETY PRECAUTIONS

• Carefully read these operating instructions before
operating this instrument. This is necessary to avoid
damage to it, as well as for user-safety.

• Do not start up this instrument in case of visible signs of
damage to it.

• Only use the instrument for the purpose for which it was
designed.

2 PURPOSE AND PROPERTIES
The Millikan unit demonstrates the quantum nature of the
electric charge and determines the elementary charge e.

An atomiser introduces the charged oil droplets into a
cylindrical chamber. The bottom and top of the chamber form
a plate capacitor. The movement of the oil droplets in the
chamber are observable through a microscope.

3 DESCRIPTION AND TECHNICAL DATA
3.1 Oil atomiser (1)
consisting of a rubber ball and a fine-spray atomiser.

3.2 Millikan capacitor (2)
consisting of a pre-chamber, a capacitor chamber, and a
base. The pre-chamber is attached by way of two screws. It
has an opening on the side for the oil atomiser, which is
pressed against the chamber opening with a rubber ring. The
upper electrode of the Millikan capacitor is located at the
bottom of the pre-chamber. This electrode has a small
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Fig. 1: Millikan unit 09070.00, front side. Fig. 2: Millikan unit 09070.00, back side.
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unit perpendicularly using a box level and by the
adjustment screws on the tripod. 

- Fill the fine-spray atomiser with silicon oil (approx. 1 cm
high).

- Connect the earthing socket of the base plate to the
earthing socket of the power supply unit (0…600 VDC,
controlled).

- Connect the socket of the illumination device to the
6.3 VDC output of the power supply unit (0…600 VDC,
controlled).

- Compress the rubber ball repeatedly in order to
introduce some oil droplets into the capacitor chamber.
Observe them.
- If necessary, reposition the microscope so that the oil

droplets appear at the bottom in the middle of the
image.

- If the droplets do not fall uniformly (They have to rise
in the microscope image!) but demonstrate turbulent
movement, the observation opening in the capacitor
chamber must be sealed with a cover glass
(18 mm x 18 mm), which must be attached using
some oil.

- If the droplets drift uniformly to one side or to the front
or back, the apparatus must be readjusted using the 
adjustment screws on the tripod.

Note:
If no oil droplets fall into the capacitor chamber, the opening
in the upper electrode is most probably blocked. Remove the
pre-chamber and wipe clean the pre-chamber and electrode
with lint-free cloth or paper. Pull the rubber ball off the
atomiser, push it over the electrode, and blow air through the
opening.
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3.4 Source holder (4)
for holding in place the radioactive rod (diameter 12 mm) that
is used to emit α-radiation, e.g. americium-241, 74 kBq, part
no. 09047.51 (also included in the set of radioactive sources
for teaching purposes, part no. 09047.50).
The charge of the oil droplets in the capacitor chamber can
be altered by radioactive radiation.

3.5 Microscope (5)
for observing the oil droplets in the capacitor chamber. Due
to the light that is scattered at them, the oil droplets appear
as bright spots or diffraction fringes on a dark background. In
order to be able to measure the distance travelled by the oil
droplets in the capacitor, the eyepiece has an integrated
micrometer, which must be calibrated with a stage
micrometer for the objective-eyepiece-combination that is
used.
The pre-chamber and base of the Millikan capacitor have a
suitable indentation for holding the stage micrometer.
The microscope is affixed to a slide with two knurled screws.
By releasing the screws, the microscope can be positioned
so that its optical axis is in-plane with the inlet opening for the
oil droplets in the capacitor chamber.

3.6 Earthing sockets (6)
for connecting the base plate, support rod, slide, and
microscope to ground.

4 MEASUREMENTS
4.1 Set-up
- Mount the Millikan unit in a “PASS” tripod.
- If the height of the set-up will be varied, the unit has to be

mounted in a clamping column.
- Align the axis of the capacitor chamber of the Millikan

Fig. 3: Experimental set-up with the Millikan unit.



- Blow in the oil droplets.
- Select one oil droplet and force it to move up and down

between the highest and lowest mark of the eyepiece
micrometer by actuating the polarity reverser.
Refocus the microscope if necessary.
When selecting a droplet, observe the following criteria:
-  The droplet must not be excessively quick, since

slower droplets have a lower charge (approx. 1...3
seconds for a distance of 30 scale graduation marks).

-  The droplet must not be excessively slow or show a
wobbling movement. If necessary, increase the
capacitor voltage.

- Add up several rise times using the first stopwatch.
- In both cases, the added times should be at least

5 seconds since otherwise the errors when calculating
the charge will be excessively large.

4.4 Constant-field charge-reversal method
If a measurement was performed on a droplet and the charge
of the droplet was effectively determined, the charge can be
altered with the help of α-radiation, in which a new
measurement can then be performed.
The advantage of this method is that all of the measurements
are performed on one single droplet. In addition, only a few
charge reversals are necessary in order to make a statement
regarding the quantum nature of the charge along with the
value of the elementary charge.

- Place the α-source in the source holder and ensure that
the distance between the source and the capacitor
chamber is as long as possible.

- Measure the rise and fall times of the one oil droplet.
- Keep moving the droplet up and down.
- Bring the source to the mica window of the capacitor

chamber by turning it slightly (avoid all jolts and
vibrations!).

- When the droplet changes its velocity, turn the source
again in order to increase the distance.

- Move the droplet repeatedly up and down. At first, any of
the gas ions that might have formed must be extracted in
order to avoid charge reversals later on during the
measurement.

- Measure the rise and fall times.

4.5 Observation with a camera
In order to demonstrate the movement of the droplets, a
camera can be utilised in order to replace the eye of the
observer. The image area is now reduced compared to the
individual observation. The light intensity of the illumination
device is also sufficient for observation with a camera.
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4.2 Measuring method (constant-field method)
Direct voltage (600 VDC max.) is applied to the plates of the
Millikan capacitor. The polarity of this voltage can be
reversed with the help of a polarity reverser. The falling and
rising movement of charged oil droplets in the electric field of
the capacitor is then observed and the velocity is measured
manually by using stopwatches or digital counters.

Velocity of descent
in the electric field v1

Velocity of rise
in the electric field v2

Capacitor voltage U
Droplet charge Q = n · e
Droplet radius r
Plate distance

of the capacitor d = 2.50 mm ±0.01 mm
Density of the silicon oil ρ1 = 1.03 · 103 kg m-3
Viscosity of the air η = 1.82 ·10-5 kg (m · s)-1
Gravitational acceleration g = 9.81 ms-2
Density of the air ρ2 = 1.293 kg m-3

The sum of the forces that affect a charged particle produces
the velocity of descent and rise of the droplets, and thus, their
charge and radius:

with

with

4.3 Execution
- Calibrate the eyepiece micrometer with a stage

micrometer.
- Connect the voltage outputs 300 V (fixed) and 0...300 V

of the power supply unit (0...600 VDC, controlled), in
series so that a variable voltage above 300 V can be
picked up. The connection between the power supply
unit and the input “IN (600 V)” of the polarity reverser
must be set up using safety connecting lines
because of the present dangerous high voltage. In
order to measure the voltage at the capacitor, the input
socket of the polarity reverser must be connected to the
measuring instrument, e.g. ADM 2 (part no. 13820.00),
using safety connecting lines.

- The output sockets of the polarity reverser (OUT) are
connected to the Millikan unit via the two HV connecting
lines.

- Set the capacitor voltage at a value between 300 V and
600 V.
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5 EQUIPMENT LIST
Millikan unit 09070.00
Silicon oil (1670 Rotitherm H250), 
iincluded in the scope of supply

Tripod base -PASS- 02002.55
Stand tube 02060.00
Power supply, 0...600 VDC 13672.93
Cover glasses 18x18 mm, 50 pcs. 64685.00
Object micrometer 1 mm i. 100 parts 62171.19
Polarity Switch for Millikan Unit 06034.07
Conn.cord, safety, 32 A, 50 cm, red 07336.01
Conn.cord, safety, 32 A, 50 cm, blue 07336.04
Conn.cord, safety, 32 A, 100 cm, red 07337.01
Conn.cord, safety, 32 A, 100 cm, blue 07337.04
Connecting cord, 32 A, 75 cm, black             (2x) 07362.05
Connecting cord, 32 A, 75 cm, green-yellow 07362.15

Voltage measurement
Multimeter ADM2, demo., analog 13820.00
or
Multi-range meter w. overl. prot. 07021.01

Time measurement
Stop watch, interruption type (2x)  03076.01

Recommended accessories
Box level 02122.00
α-source Am-241, 74 kBq 09047.51

6 GUARANTEE
We guarantee the instrument supplied by us for a period of
24 months within the EU, or for 12 months outside of the EU.
This guarantee does not cover natural wear nor damage
resulting from improper handling.
The manufacturer can only be held responsible for the
function and technical safety characteristics of the
instrument, when maintenance, repairs and changes to the
instrument are only carried out by the manufacturer or by
personnel who have been explicitly authorized by him to do
so.

7 WASTE DISPOSAL
The packaging consists predominately of environmental
compatible materials that can be passed on for disposal by
the local recycling service.
Please contact your municipal administration for information
on the disposal of instruments.












