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Abstract 
The lab was set up to determine the charge of an electron (elementary charge) using a Millikan 
Oil Drop Apparatus. There were several pieces of supporting equipment used for the 
experiment, detailed in the materials section. The apparatus setup, experiment operation, and 
calculations were very time-intensive. The experiment suggests that the elementary charge is 
1.7640 * 10-19 C ± 0.04009 * 10-19 C. There were many sources of error which were reasonably 
accounted for, though still not as precisely as would have been preferred. The lab found an 
elementary charge value that while close, did not agree with the accepted value of 1.6022 * 10-

19 C. 
 

Introduction 
The lab was set up to determine the charge of an electron. The experimental basis goes back to 
an experiment published by Robert Millikan in 1913 using a similar apparatus.i Because charge 
and electrons are used extensively in modern physics, chemistry, and modern technology, 
finding an exact value for the charge of an electron was a significant accomplishment that 
helped spark the last century of tremendous scientific and technical achievements we have 
observed as a species. Historically, Millikan’s method was an improvement of earlier attempts 
using clouds of water. Specifically, he recognized that individual oil drops lasted longer and 
allowed for greater precision than a cloud of water droplets when trying to determine the 
charge of individual electrons. ii 
 

Methods 
The following materials were used: 
Old wall-plug-in AC tactile stopwatch 
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Mineral Oil (density 829

𝑘𝑔

𝑚3
  ±  10

𝑘𝑔

𝑚3
 ) 

Complete PASCO Model AP-8210 
Atomizer 
Plate charge switch 
Halogen lamp and assembly 
Power Supply 
2 multimeters 
4 cables with banana plugs 
Viewing scope 
Droplet chamber 
White paper sheet to reflect more light from the chamber into the viewing scope  
Focusing needle 
Thorium-232 (0.008 μCi) 
2 Support rods 
Rod stand 
2 parallel-plate capacitors separated by a plastic spacer 
Plastic lid with centered hole for atomizer 
Hand-operated vacuum-pump 
Clear plastic tubing 
Tissues 
Shop rag 
Mercury Barometer 
 
After the apparatus was put together, the top capacitor was cleaned using tissues and a 
vacuum-pump so that the entry hole was free of oil and debris. A white piece of paper was 
installed inside the chamber to reflect additional light from the halogen lamp into the viewing 
scope. The focusing needle was lowered through the droplet hole and the viewing scope 
adjusted to focus on the needle. The viewing chamber was then reassembled, and the viewing 
pin screwed into its retaining hole. The procedure was repeated whenever the entry hole 
seemed to be clogged. 
 
With the chamber shielded from the radiation source, the atomizer was primed with roughly 20 
pumps before being used to disperse oil droplets in the viewing chamber. One to three pumps 
were sufficient to obtain usable drops. The radiation source was then rotated out of the 
shielding to charge the particles for several seconds at an intentionally variable and unrecorded 
rate, before being rotated back to the shielded position. Next, the plates were charged to find 
ideally moving drops. A drop was chosen, brought into focus with the viewfinder, and its fall 
and rise times were measured traveling over a 0.5 mm distance. 
 
The first five drops were measured rising and falling three times, by which point, the drops had 
either evaporated, or drifted outside the viewing area in one of three dimensions (typically 
along a trajectory off to the right side of the viewing scope). Drops 6 – 100 only had one fall and 
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rise measured. At an unmeasured and variable rate, additional charging of droplets in the 
chamber was conducted so that rise and fall times of drops with different charges were 
observed. 
 
The drops fell under gravitational influence slowed by the viscosity of air. They rose with the 
same resistive force, but under an electric force exerted on them by their excess charges 
interacting with charged capacitors. 
 
The drops can be seen in Figure 1 along the dark band in the middle of the image. They were 
extremely challenging to see and observe while conducting the experiment. The image is a 
screengrab of a video that can be found at https://youtu.be/gNmpon_ESNM to give an idea of 
the relative speeds involved. 
 
Figure 2 was necessary for calculations to determine drop charges. When plotting the drop 
charges (Figure 3), there are distinct steps clearly visible at the lower end. These levels were 
averaged and a multiple of their separation was calculated to give the elementary charge value. 
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Figure 1: View of Oil Drops through Viewing Scope 
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Figure 2: Plotting Resistance and Temperature to Find an Equation for the Precise Temperature Given Resistance 
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Figure 3: Plotting Drop Charges to Determine Elementary Charge 
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Sample Calculations 

Temperature (°C) = 2.7959x4 – 30.522x3 + 127.75x2 – 253.57x + 220.51 where x = 
resistance value * 106. 
2.7959(1.920 Ω)4 –  30.522(1.920 Ω)3

+  127.75(1.920 Ω)3 –  253.57(1.920 Ω) +  220.51 = 26.557 °C  

Error = |
ΔΩ∗106

Ω∗106
| 

Error = |
0.001

1.920
| = 0.0052 °C  

vfall = 
0.0005 𝑚𝑚

𝑇𝑖𝑚𝑒𝑓𝑎𝑙𝑙 (𝑠)
 

vfall = 
0.0005 𝑚𝑚

30.2 𝑠
= 1.66 ∗ 10−5 𝑚

𝑠
  

Error = 𝐴𝑉𝐸𝐷𝐸𝑉(𝐶𝑒𝑙𝑙 𝑟𝑎𝑛𝑔𝑒) = 𝐴𝑉𝐸𝐷𝐸𝑉($𝐴𝐶$2: $𝐴𝐶$111) = 4.28 ∗ 10−5 𝑚

𝑠
 

vrise = 
0.0005 𝑚𝑚

𝑇𝑖𝑚𝑒𝑟𝑖𝑠𝑒 (𝑠)
 

vrise = 
0.0005 𝑚𝑚

8.9 𝑠
= 5.62 ∗ 10−5 𝑚

𝑠
  

Error = 𝐴𝑉𝐸𝐷𝐸𝑉(𝐶𝑒𝑙𝑙 𝑟𝑎𝑛𝑔𝑒) = 𝐴𝑉𝐸𝐷𝐸𝑉($𝐴𝐸$2: $𝐴𝐸$111) = 250 ∗ 10−5 𝑚

𝑠
 

Pressure (Pa) = CONVERT((10*(Cell in cm Hg)),"mmHg","Pa") = 
CONVERT((10*S2),"mmHg","Pa") = 94658.6 Pa 
Error = CONVERT((10*(Cell with reading error in cm Hg)),"mmHg","Pa") = 
CONVERT((10*T2),"mmHg","Pa") = 66.7 Pa 

ρ = 
𝑚𝑎𝑠𝑠 (𝑘𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚3)
 = 829

𝑘𝑔

𝑚3
 [quantity and error given to me without calculations] 

Error = 10
𝑘𝑔

𝑚3
 

Drop radius a (m) = √(
𝑏

2𝑝
)

2
+

9𝜂𝑣𝑓𝑎𝑙𝑙

2𝑔𝜌
−

𝑏

2𝑝
  where b is a constant, p is pressure, g is 

gravity, and η is dry air’s viscosity as a function of temperature along a chart in 
the PASCO instruction manual 

√(
0.0082 𝑃𝑎 ∗ 𝑚

2 ∗ 94658.6 𝑃𝑎
)

2

+
9(0.00001853

𝑁 ∗ 𝑠
𝑚2 )(1.656 ∗ 10−5 𝑚

𝑠
)

2(9.8
𝑚
𝑠2)(829

𝑘𝑔
𝑚3)

−
0.0082 𝑃𝑎 ∗ 𝑚

2 ∗ 94658.6 𝑃𝑎
= 3.712 ∗ 10−7 𝑚 

Error = 𝐴𝑉𝐸𝐷𝐸𝑉(𝐶𝑒𝑙𝑙 𝑟𝑎𝑛𝑔𝑒) = 𝐴𝑉𝐸𝐷𝐸𝑉($𝐴𝐼$2: $𝐴𝐼$111) = 2.476 ∗ 10−7𝑚 

Drop mass in kg (m) = 
4

3
∗ 𝜋 ∗ 𝜌 ∗ 𝑎3 
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4

3
∗ 3.14159 ∗ 389

𝑘𝑔

𝑚3
∗ (3.712 ∗ 10−7 𝑚)3 = 1.776 ∗ 10−16 𝑘𝑔 

Error 
4

3
∗ 𝜋 ∗ Δ𝜌 ∗ Δ𝑎3 

4

3
∗ 3.14159 ∗ 10

𝑘𝑔

𝑚3
∗ (2.4746 ∗ 10−7)3 = 0.0636 ∗ 10−16 𝑘𝑔 

Electric Field (E) in 
𝑉

𝑚
=

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)

𝑃𝑙𝑎𝑡𝑒 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 (𝑑) 𝑖𝑛 𝑚
 

499 𝑉

0.0076 𝑚
= 65657.9

𝑉

𝑚
 

Error = 𝐴𝑉𝐸𝐷𝐸𝑉(𝐶𝑒𝑙𝑙 𝑟𝑎𝑛𝑔𝑒) = 𝐴𝑉𝐸𝐷𝐸𝑉($𝐴𝑀$2: $𝐴𝑀$111) = 226.9
𝑉

𝑚
 

Electron charge in C (q) = 
𝑚𝑔(𝑣𝑓𝑎𝑙𝑙 + 𝑣𝑟𝑖𝑠𝑒)

𝐸𝑣𝑓𝑎𝑙𝑙
 

1.776 ∗ 10−16𝑘𝑔 ∗ 9.8
𝑚
𝑠2 ∗ (1.66 ∗ 10−5 𝑚

𝑠
+ 5.62 ∗ 10−5 𝑚

𝑠
) 

65657.9
𝑉
𝑚

∗ 1.66 ∗ 10−5 𝑚
𝑠

= 1.164 ∗ 10−19𝐶 

Error  = 
Δ𝑚∗𝛥𝑔∗(𝛥𝑣𝑓𝑎𝑙𝑙+𝛥𝑣𝑟𝑖𝑠𝑒) 

Δ𝐸∗Δ𝑣𝑓𝑎𝑙𝑙
 

6.36 ∗ 10−19𝐶 ∗ 0.1
𝑚
𝑠2 ∗ (0.00025

𝑚
𝑠

+ 4.28 ∗ 10−5 𝑚
𝑠

)

226.9
𝑉
𝑚

∗ 4.28 ∗ 10−5 𝑚
𝑠

= 1.89 ∗ 10−21𝐶 

 

Results 
After calculating the drop charges for 100 drops, they were plotted in Figure 3. The separation 
between the first two clear levels was averaged. The resulting electron charge is 1.7640 * 10-19 
C ± 0.04009 * 10-19 C. 
 

Discussion 
A value for the charge of the electron was obtained. However, it was a much lower-quality 
number than I would have preferred to have seen. 
 
The fall and rise times were measured for 100 drops. The process was tedious. The first week 
was spent attempting to understand how to make the apparatus work correctly. The second 
week, data was collected. The third week, the data was analyzed. Figure 3 shows most of the 
drops, however, there was one which was recorded as having a 0-second rise-time, implying a 
rise time of less than 0.1s. We were therefore unable to record that drop properly. Additionally, 
the lack of consistency with the application of the α-waves from the Thorium-232 to drops 
within the chamber created a period where drops were moving completely differently from the 
rest of the drops. Specifically, they fell faster than they rose. 
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I don’t know that all variables were adequately accounted for. There appeared to be air 
currents inside the chamber providing more 3-dimensional movement than I had originally 
anticipated. Whether it was in fact air currents, or something more akin to Brownian motion 
would require further investigation to answer. Some drops appeared to move off to the side 
instead of up and down. When oil drops fell into the chamber, some appeared to be positively 
charged, and others negatively charged. It is not obvious why such a charge distribution existed. 
Did they pick up alternating charges from the top capacitor, air particles while falling, the 
atomizer, or something else? Answering that question would require further investigation. 
 
Adding to all the above, a precise function for air’s viscosity was not given. The chart that was 
given assumed dry air, which is false considering that the humidity was above zero, and the 
initial 53 drops were measured during the middle of a heavy bout of rain in a non-hermetically-
sealed room. Further, the errors in calculating the rise and fall velocity, and the drop radius 
were absurdly large. However, despite that, as can be seen in Figure 3, the error bars are 
remarkably small. 
 
Finally, while the steps are clearly implied by Figure 3, the spread within a given step and the 
proximity with steps below and above a given step are not nearly as clean as would be desired. 
Granted, this is the reality of real-world experimentation compared to idealized simulations. 
However, it still created less clarity than was desired. 
 

Conclusion 
This lab was unsuccessful in obtaining a value for the electron charge that matched the 

accepted value of 1.6022 * 10-19 C.iii While the accepted value was outside of the error range for 

the value found in this lab, given a new set of more carefully collected data, a value should be 

obtained that would support the officially recognized value.  
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