Millikan Oil Drop Experiment
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Agenda

1. Measuring of the charge of electron.

2. Robert Millikan and his oil drop
experiment

3. Theory of the experiment

4. Laboratory setup

5. Data analysis
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Measuring of the charge of the electron

. Oil drop experiment. Robert A. Millikan.. (1909).
e=1.5924(17)x10-°C

. Shot noise experiment. First proposed by Walter H. Schottky
. In terms of the Avogadro constant and Faraday constant e =

F

E; F- Faraday constant, N, - Avagadro constant. Best

uncertainty ~1.6 ppm.

. From Josephson (K, = zf) and von Klitzing (RK — e%) constants

5. Recommended by NIST value 1.602 176 565(35) 10'°C
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Robert Millikan. Oil drop experiment

The Nobel Prize in Physics 1923.
Robert A. Millikan "for his work on the
elementary charge of electricity and on
the photoelectric effect™.
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Robert Millikan. Oil drop experiment

Y

ROBERT ANDREWS
MILLIKAN
1868-1953

Diagram and picture of apparatus

1
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Oil drop experiment.

Measurement of the magnitude of the electron charge!

Motivation:

Demonstrate that the electron charge is quantized!
(PASC O

Measure the charge of
an electron to =3%

Picture of the PASCO setup

2/17/2014
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Oil drop experiment.

atomizer
a- - Oil drops
f% o O~lp
....
telescope . e
J Vo s| soov(Y
Pair “ !

Forces on the oil drop:

1) Gravity + buoyant force (air displaced by oil drop)
2) Drag force of the oil drop in the air
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Oil drop experiment.

atomizer
e - Oil drops
\f_% (L 1)
telescope . T
J Ve 3| soov(Y
Pair !

Forces on the oil drop:

1) Gravity + buoyant force (air displaced by oil drop)
2) Drag force of the oil drop in the air
3) Electric force on oil drops which carry charge Q
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telescope

135-170°

atomizer

eyepiece

spacer
5001V oil drop
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Plate voltage connectors

Chatge plate

selector

Thermistor connectots

Light Source

Ionization source selector Bubble level

Thermistor table

Viewing pin (removable)

Oil viewing chamber

17544 MILLIKAN OIL DROP
AP£210 APPARATUS

Viewing reticle
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What is measured

Allow drop to “undershoot”
here before starting next rise
time experiment

/{ fall time measurement starts here ]

[fau time £, ]

[rise time measurement stops here

——

T x = fall distance = rise
distance. x must be the
same for all drops!

[rise time trise]

\ 4

\[ fall time measurement stops here ]

[rise time measurement starts here J

2/17/2014 | I 11


http://www.uiuc.edu/
http://www.uiuc.edu/

Balance of Forces: Newton’s Law

7 |

[ﬁdrag =—6m7a\7] l [Ifg =-mgz

a : radius of drop

p :density p = p,; ~ Pair
v : velocity of oil drop

Q : charge of oil drop

E : electric field E=V/d
V : Voltage across plates
n : viscosity of air

g : gravitational const.

{Particle reached terminal velocity (;—V =
t
[Fg +Fy tFe = ]
2/17/2014

F, =-mgzZ (1) \

ireg = 677727 (2)
Fe =QE (3)
_ dv ~ ~

Forces on the oil drop:

(1) Gravity + buoyant force (air
displaced by oil drop)

(2) Drag force of the oil drop in the
air

(3) Electric force on oil drops which
carry charge Q
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Modification to Stokes Law

Forag = —07mav
For small particle radius (a<15p) Stokes
A law need to be corrected. This correction

was derived by E. Cunningham.
_ a

Seorgs Sabeiel ke Forag = —0711 =V St
C
4 : ™ :
f.=1+ At igtes , A=1.246,B=0.42, C=0.78 Here a particle
a a radius; A - mean
-5
i atrAt=145%11, fora~10°m , r = 8:18x10 free path of the gas
\_ a a p[mmHg]) molecules
\ P T -8 760
negligible term A [m]=6.53x10
S p[mmHg]
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We measure: t, and t;.,

Allow drop to “undershoot”
here before starting next rise
time experiment

/ fall time measurement starts here ]

T A

[ rise time measurement stops here }\

[fau time £, ]

T x = fall distance = rise
X distance. x must be the
same for all drops!

[rise time trise]

[ rise time measurement starts here]

fall time measurement stops here ]
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Solving Newton's law: Q(t,, t,;..)

f. can be found from Newton law equation in the case of
V=0 (falling drop)

- 4 a -
=—a —672n—Vv =0
3 PY ﬂﬂf

C

@ (see write-up)

1 ()., _ i 8:18x10°
o \7) ° pgrz’ °7 plmmHg]
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Solving Newton's law: Q(t,, t,;..)

4 _ 2
3., 3
1 97d [27°x% [1]1 1
(:? =NXe = 9/, + —
fC 2 V gp tg _tg trise_
\_ /
Q : charge of oil drop p :density p = p,i — Pair
n : number of unpaired n : viscosity of air
: e:ectror;s in d':"l’ g :gravitational constant
5 $ glgae:e:;‘:aii :;ge x :drift distance for oil drop
3 t, :fall time

V :Voltage across plates : '
.ise - Tise time
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Route of charge calculation Q(t,, t,;..)-

1
l~1_ f__q z . 2nX "[’"]_6.18x10_5
2 \%) " pgrz =" plmmHg]

1 \9zd [2n°x 1 1
(? ::[: .,S;.-r ::(: ]
-I:C?’/2 V gp \/7 ( rISE J

2 3y3 1 1
F= izzl_(t_gj S=97rd \/277 X ( }
fc/ T, V gp t rlse
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Organize * Burn Mew folder

Mame Date modified Type

Millikanl.opj 9/24/201211:28 AM  Origin Graph
Section L1.opj 9/24/2012 1117 AM  Origin Graph
Section L2.opj 9/24/2012 11:16 AM  Origin Graph
Section L3.0pj 9/24/2012 11:18 AM  Origin Graph

&l secton Li.cp Please make a copy (not move!) of

~ | Millikanl.opj in your personal folder
- | and start to work with your personal
f the project
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Route of charge calculation. Origin
project. Data analysis.

@]DnglanSS[Academc)H bit - E\Te_a_cmgm-\Eugene!eCMra Spring 20].2\Lecture#50|ldmpexpen n_ 1/ - [Bookl
% File Edit WView Plot Column Worksheet Analysis Statistics Image Tools Format  Window  Help

Db REl cEaEEHE 2= G 1w - SR @S & aAEFa 8 B2 ProJeCt Millikanl'opj

Fp Default: Arial = 9 .I U E M A- D& - 05 - -|0

3 AL | ow | B | cn | Em | Fm | em |
% S paramete -
g Parameter names I label Par rc tau_g tg tr Pl u g l n yo u r

Unit:
Commennltz = - - data here

618x10° . 27X your | your
r.[m]= T, =
plmmHg] 9 ,ng'z data data g
CO n Sta n tS ® Set Values - [Book1]Sheet1!Col(rc) [E=R
3| Density of oil (ka/m?3) pl 886 8.07843E-8 94825725 Fﬁ?ﬁﬁ“ﬁfsﬁsﬁ‘ Formula weol(l) Col(A) Fx) Variables
T 4| Density of air (kg/m*3) p2 1.29 5.07843E-8 94825725 p0.14243 | 11.701291 _
A ity di v | Fow (i) From 1 To 1
F 5 | Density difference (kg/m*3) pl—p2 884.71 8.07843E-8 948 25725 biG 97377 2247531
1
v G [ acceleration due to gravity (m/s*2) g 9.801 8.07843E-8 048 25725 |16.34362 16.44—208:
E‘ 7 kambient pressure (mmHg) P 765 8.07843E-8 94825725 1593429 25028861 @ (¢ [2) [21] conm-
- = [l -
8| fall X 0.00145 :1,.34338 9.27445, '6 18e-5Col ( "Par" )[?]
9 d 0.00317 € | 29.3815 19.5151: _________________
10 | Voltage across th W 500 :26.
11 | Air temperature (0C) 20 I I =
L —— calculations
3 Recalculate | Auta - |-
14 [ =
L Fecalculate ™At ﬁ |App|y| |Cancel | [ UA] M

W Parameters of the -t lkd (] () ) col)- l

7| parameters

in blue - data experiment. Depend on exact - f.18e-5-Cal ("Par")[7]
in olive - constants setup and environment B 6. 18 X 10> %
7 conditions © r.m ;

BIE lis p[mmHg|

P(mmHg)—Col(“Par”)[7]
B o Lo

2/17/2014



http://www.uiuc.edu/
http://www.uiuc.edu/

Z Al Ya'tm .dﬂ][li]L"u"’u X|Y|Z t e G oS L] ¢ ) )
Z - & G0 W M| (x| 2 et el
J(Y) L(Y)

n=Q/1.602e-19

e number of
Q=F*S*T elementary charges
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L Aft [y | ] i ol E X Y |z d e | GS ¢ ¢ 9 9
CLEE LG B S O M G MLIX] <} s e
{87 set Values - [BooklISheet1iCol(iau_g)

Formula weol(l) Col{&) Fix) Variables

Rowe (1] From <auto: To <autor

ColE) -
|

-

4 (2

| Recalculate @l [APPL‘H] [Eancel] [ Ok ]

Before Formula Scripts |

:[Eta) actual air viscosity -
;2 fall-srise distance -
; (Bho) density difference -
g gravitational constant -
Hhiges -

] have to be calculated first

hawve to bhe calculated first

Indexes for parameters in Col(“'Par”)
Actual air viscosity should be calculated manually
before any other calculation
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n=Q/1.602e-19
° c
6
N
9xd 21x? 111 1 number of
I 2t T = —4+— =F*Q%
5 & Vv 2p \/g [‘x fe ) Q=F*S*T elementary charges
4
. - 1.04198%— "\ 650414
o - -19 2.0471
g 3 ° - 1.57231E-19 0.98147
_— 3.08168E-19 1.92365
2 o Y @ / - 1.56458E-19 0.97664
4/ - 3.14167E-19 1.9611
1 ° ° ° o o | - 1.54196E-19 096252
- 4 61924E-19 2.88342
0 A A A A ! L L L ) ) - 1.04861E-19 0.96668
0 1 2 3 4 5 6 7 8 9 10 11 = 1.55468E-19 0.97046
Drop number
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Equ ti.on: y=y0 + (A/(w*sqrt(P1/2)))*exp(-2*((x-xc)/w)"2)

N
777 A
V.
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Strobed LED away

Fhad drop ejector

Electric field plates
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Modern experiments at S:_ AC

NATIONAL ACCELERATOR LABORATORY

Machine vision
mediated
auto-control of: the “\\‘
average charges of
the drops, the fall
path of the drops, the
upward laminar air
flow, and the
electronic drive to the |
drop ejector are new _
features of this fluid
drop charge :
measurement system.

_\ 1

The experiment is ran
from 2004 - 2007.

Charge measurement
accuracy achieved is
better than 1/24 ¢ for
drops of up to 26

microns in diameter.

2/17/2014 27
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Appendix #1

= Traditional reminder:
L1_Lab3_student name.pdf Repo pdf

Please upload the files in proper folder!

This week folders:

Pulses in transmission lines_L1
Pulses in transmission lines_L3
Pulses in transmission lines_L4
Pulses in transmission lines_L5

This week you have the last chance to
submit “Transients in RLC" report
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Appendix #2

= Transmission line. Unknown load simulation

] s Incident pul Pul the load Reflected pul
ncident puise uise on the loa eflected pulse
s Frequency | 1, 18 ==
PRI I 100n Y name 0.3 ¥Yname 18 Yname 15
1 Fulze Delay | 0.3u 0.8 14
1
Thresholds 0%-100% - or 1.2
26 Rise Time | 1p RJ|C
Fall Time 1p
—— o load parameters ™
o I—U Trace1
Burst Mode OFF T »
BustCount |2 jm” s EIM L
3 ] 3 ]
Burst Rep Rate 150 0.2u 0.3u 0.4u 0.5u 0.2u 0.3u 0.4u 0.5u 0.2u 0.3u 0.4u 0.5u
27| )
Time Span | 1ou time time time
Num Paints 4096 F FUNG F—U— J—j—’—— ral Frj I y
. X-axes scaling o o
Zk (on) J Field name Value
50 n
e characteristic =2 1B =
Name ||tim-3
N J**uadanca —
J Min ||D.£LI
\ Max ||D.5L|
Mappina| |Linear ~|
oK v o b e .
:/,,U'JCE'JCJ JU:JCJ | | | |
Eirst Erey Mext Last

Location: \\Phyaplportal\PHYCS401\Common\Transmission line software

2/17/2014
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Appendix #2

» Transmission line. Unknown load

Pulse Generator
Frequency 100k
Pulse Width 100n
Pulse Delay 0.3u
Thresholds 0%-100% «
Rise Time 1p
Fall Time 1p
High 1
Low 0
Burst Mode OFF
Burst Count 2
Burst Rep Rate 150
Time Span 10u
Mum Points 4096

ZKk (oHm)

50
CIR |
OK

Yname 08
0.8
(1%
0.6
0.5
0.4
Trace1 03

0.2

100m

Incident pulse

time

Y name

Traced

Pulse on the load

time

simulation

Reflected pulse

Y name 15

Trace1 A

0
Field name
Scale | |x
Mame | [time
Min 0.2u
Max 0.5u

Mapping| | inear

Next Last

Location: \\Phyaplportal\PHYCS401\Common\Transmission line software

2/17/2014
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— Inverse Period Squared

Linear Fit D"Inverse Period Squared"

Equation
Weight
Residual
Sum of

Y D ——

Pearson's
Adj. R-Squ

Inverse
Period

10000000
Inverse Capacitance (F*-1)

y=a+b'x

No Weighting
2.5411E-
19

1

1
Value Standard
Intercept 0 6.91884E-
Slope 0.27 8.34021E-

20000000

Yearbn

Mo Weighting

4.84261E7

Physics401

L,,.=87.85 mH
L,...=88.65 mH

meas

1/C (F")
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1/n for n odd

0.5

n” (unitless) Figure 15: Odd harmonic amplitudes plotted against 1/n
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