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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)x10-1°C

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

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

uncertainty ~1.6 ppm.

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

5. Recommended by NIST value 1.602 176 565(35) 10°C
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R)@l@ertr 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™.

ON THE ELEMENTARY ELECTRICAL CHARGE AND THE

ROBERT ANDREWS 1 —
MlLLlKAN . 1. INTRODUCTORY S
R : K TR 0% i

............

rrrrrr

| aznd of March 1868
Morrlson, III

Jolst

University of Chicago o I -'
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Robert Millikan. Oil drop experiment

ROBERT ANDREWS
MILLIKAN
1868-1953

Diagram and picture of apparatus
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Oil Drop Experiment.

Measurement of the magnitude of the electron charge!

Motivation:

Demonstrate that the electron charge is quantized!

PASCU

Measure the charge of
an electron to +=3%

Picture of the PASCO setup
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Oiil Drop Experiment.

atomizer
& Oil drops
\f_% o... ¢~1|-|'
® . X :
telescope . .
S — Vo ®| 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
& Oil drops
j_% L AT
telescope . | T
<§ — Vg w®| soovi( V
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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Apparatus. Schematic Layout

telescope

135-170°
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Apparatus: Actual Setup

Plate voltage connectors

Chatge plate

selector

Thermistor connectots

Light Source

Ionization source selector Bubblelevel

Thermistor table

Oil viswing diasmber Viewing pin (removable)

17544 MILLIKAN OIL DROP
APPARATUS

Viewing reticle
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What is Measured

[rise time measurement stops here }

[rise time trise]

[rise time measurement starts here J
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\[ fall time measurement stops here ]

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

fall time measurement starts here ]

X

N

[fau time £, ]

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

11
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Balance of Forces: Newton’s Law

E l I E —OF f=—mgi (1) \

E = g
O drag — _671-778‘\/ (2)
[Ifdrag =—6m7a\7] l [Fg = —mgz] |:E =QE (3)
a : radius of drop
p :density p = p,; — P.i — d\_i = = =
v : velocity of oil drop F=m—= Fg + Fdrag +
Q : charge of oil drop dt /
E : electric field E=V/d - -
V : Voltage across plates Forces on the oil drop: :
n : viscosity of air (1) Cfrawty + buo_yant force (air
g : gravitational const. displaced by oil drop) :
(2) Drag force of the oil drop in the
air
Particle reached terminal velocity d_V =0 (3) Electric force on oil drops which
dt carry charge Q

= = = 1u size particle reaches the
[Fg + Fdrag + FE =0 } terminal velocity in ~10-5s
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Modification to Stokes Law

—_

F,.. =—67nav

rag

" law need to be corrected. This correction
L was derived by E. Cunningham.

= a

G Gabriel Stok = — — ‘
eor?fmag-;';os;o = Fdfag 67 n—Vv Eben(elzgg lc_ulrg;;)gham
C
4 _c2 N .
f=1+ Ai+5£e 7 A=1.246B=0.42, C=0.78 <? Here a particle
radius; A - mean

a a
5
f 14 AZ =145 211 foran10°m , r [m]=219x10" | free path of the gas
a a p[mmHg] molecules
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negligible term A [Mm]=6.53x10"
p[mmHg]
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We Measure: tg and t

rise

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

/{ fall time measurement starts here ]

[ rise time measurement stops here}

A

[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 ]

2/11/2019 14


http://www.uiuc.edu/

Measuring the Temperature
egsurement.opj

Model Power0
Equation ¥ = YOrA%@bs(x-xe)'P); ||
Plot A

0 -203.95683 + 11.51864
xe 1.00934 + 0.00412
A 22877777 £ 11.44081
P -0.08353 + 0.00457
Reduced Chi-Sqr 3.26644E-5
R-Square(COD) !

Adj. R-Square 1

T measurement: Graphl R (MoHm)

WWI_m’iW'?"'"‘? = - I_l__l"’/“ﬁ?w-m-:“

3 T rmeasurement

Mame ~ Long Name
B Tealculation 36.87987
Graphl
E Bookl
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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 -
EFQ T |:drag = §a3pg - 67”7?\/ = O}

C

@ (see write-up)

1
l~1_ f_g 2 . 2nX "[’"]_6.18x1()_5
27 T e T pimmig)
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Solving Newton’s law: Q(t,, t,..)

4 _ )
3y, 3
1 92d [29°x° [1|1 1
fc : V gp 1:g _tg 1:rise_

\ W,

Q : charge of oil drop p :density p = p,i — Pair

n :number of unpaired n : viscosity of air

e 2::::'::3::“:;:? - g : gravitational constant

d :plate sepa!ationg x :.drift distance for oil drop

V : Voltage across plates t, :fall time

t.c : rise time
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Route of Charge Calculation Q(t,, t...)-
13=1—[t"’}; Lo Bty e SIS
2 7y par; plmmHg]

1 \9zd [27m°x 1 1
Q = F o S .T = ( J
-I:CS/2 V gp \/7( HSGJ

3.3
|:=1zl—t—(‘1128=972-d 1 1( 1J
f03/2 T, V gp t rlse
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Route of Charge Calculation. Origin
Projects. Data Collecting.

Project: Millikan_raw data.opj
Locations: \\engr-file-03\PHYINST\APL Courses\PHYCS401\Students\1.

Millikan Oil Drop experiment\Millikan_raw data.opj

=5 e

AL |

AE(T) | BD

o)

Long Name

Comments
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parameter
label

Units Par
Paramerer‘s. use
proper units
shown column
"Units"

kg/ms 1.8478E-5

kg/msCo 4.8E-8

kg/m”3 886

kg/m”"3 1.29

kg/m”3 884.71

m/s”"2 9.801

mmHg

m

m

A%

Co

tg

Raw data, faling time Raw data, rising time

19
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Route of Charge Calculation. Origin
Projects. Data analysis.

» Metwork » engr-file-03 » PHYINST » APL Courses » PHYCS5401 » Students » 1. Millikan Oil Drop experiment

#

. Mame Date modified Type Size

"\ Data Analysis for Millikan Qil Drop Experi...  2/22/2008 2:36 AM  Adobe Acrobat D..,
ﬁj Millikan_raw data.opj 10/5/2017 450 PM  OPJ File
@ Millikan1_calc.op 2772014 252 PM OPI File
@ Millikan1_no_calc.opj 9/25/2017 2203 PM  OPI File
@ T measurement.opj 10/4/2017 5:09 PM OPJ File

Please make a copy (not move!) of
Millikan1.opj and Millikan_raw data.opj in your
personal folder and start to work with your
personal copy of the project
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Route of Charge

Project. Data An

Calculation. Origin

alysis.

@J OriginPro 8.6 (Academic) 32-bit - E\Tead‘nng\PliOl\Eugene lectures Spring 2012\Lecture®5 Qil drop expenmen‘t\Ml'I'ﬁkan 1a ™ - /Folderl/ - [Euukl]"-

File Edit WView Plot Column Worksheet Analysis Statistics Image Tools Format  Window  Help

OB

diaH yano

Project Millikan1.opj

&0 S A

EEphRzl oDl a5 Gh w0 - SR FS & aAlEFa +8 282
Fp Default: Arial = 9 -|B I U EM A- D& - 05 - |C—J-0
AL) | ow | B | cn | e | rm | em |
Long Mame
Parameter names parrli:jrg;te Par rc tau_g tg tr Plugin your
Units m s s
Comments data here
r[m]_maxw*’ - 27X your | your
T plmmHg] 8 ,ng'z data data L
CO n Sta ntS e Set Values - [Bookl]Sheet1!Col(rc) = o
3| Density of oil (ka/m?3) pl 886 8.07843E-8 94825725 F.ﬁ?ﬁz:"afsﬁﬁ Formula weol(l) Col(A) Fx) Variables
4| Density of air (kg/m*3) p2 1.29 8.07843E-8 948.25725 p0.14243 | 11.701291 _
ity di - v | Fow (i) From 1 To 1
5 | Density difference (ka/m*3) pl—p2 884.71 8.07843E-3 94825725 0697377 | 2247531,
G [ acceleration due to gravity (m/s*2) g 9.801 8.07843E-8 048 25725 |16.34362 1I3.44208:
7 l@mbient pressure (mmHg) p 765 8.07843E-8 94825725 1593429 25028861 ||<_<| (¢ [2) [21] conm-
_ I (P T T
8| all X 0.00145 15.34338 | 027445, (6 18e-C Col("Par'|[7
9 d 0.00317 € :49 3315 19.51'31: -________(_____)_[_]_
10 | Voltage across th v 500 :2u L
11 | Air temperature (0C) 20 ! ca Icu Iatlo S
12
3 [Flecalc:ulate |.ﬂ'-.ut|:| - | ¥
:1]; Recalculal® Pauto '| J | &pply | | Cancel | [ 0 ] |¥ |
16 - :
In red - variable ||{-::| |{{| |:=-}| |:>:>I| CollC] = l/
17| parameters Parameters of the — = 2=
8|in blue - data experiment. Depend on exact 6.18e-5-Cal ("Par"1[7]
. . = J
9in olive - constants setup and environment 6.18 10>
20 =g = - X
conditions

jrad
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AR p[mmHg]

' (| P(mmHg)—Col(“Par”)[7]

P index e
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Route of Charge Calculation. Origin

Project. Data Analysis.
Project Millikanl1.opj

D(L) B(X) F(Y) G(Y) C(Y) E(Y) H(Y)
Long Name
parameter label Par tg tr tau g F
Units s s
Comments
your | your _ 2nx F 1 )
= 5 _ _~1—
data data par, cs;_
1 o oLy
n 1.8478E-5 % 1 Set Values - [BookliSheeﬂ!ColEra P~
2 15.9 - -
d Formula wcol(1) Col(A) Fx) Variables Options
i | 4.8E-8
dT Fow (i) From  <auto>» To <auto>
’ pl 886 2
4 ,02 1.29 201 |E| |E| |£| |£| CallC) =
3 >6.d 6.18e-6-Col("Par")[7]
pl—p2 884.71
6 16.3
9.801
/) 9 _ —
T) p 2:'-9 Recalculate | Auto v | @ | DK | | Cancel | |App|y| |i|
- \\ X 0.00145 ‘\\ 1530 | Before Formula Scripts
'p - Col{"Par"j[7]
’ . d 0.00317 X } A
10 Vi 500 N v
11 Ta |- PO B
12 dn
T}'(T)=?}'(25CS)—E(F —25) 1.8478E-5
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Route of Charge Calculation. Origjin
Project. Data Analysis.

H(Y) I(Y) &, JiY) KY) L(Y)
F S T Q=FST n=Q/1.602e-19
3 3
1 (Vo 9md 2x*, 111 1 number of
F =F ms —[T—J S = V A\ gp L= E[E +ZJ' Q=F*S*T elementary charges
1 \9zd [2n°X® 1 1
Q = F [ S OT = ( 32 77
)V N 9p \/

Follow correct order of calculations: r. —t, —(F,S,T) -Q —n

2/11/2019 Project Millikanl.opj -,
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Route of Charge Calculation. Origin

Project. Data Analysis.

¢ ¢ 3 3
1} | |@|

% 21 YBm .,dﬂ]ni]]u"u"’uExF\z P oagcwne | G S
; LB LX)

— - -
7 Set Values - [Book1]Sheetl!Colitau g)
M s c—
Formula weol(l) Col{&) Fix) Variables

4| Bow [i] From <autor To <autor

ColE) -

| k.

-

4 (2

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

Before Formula Scripts | |

Actual air viscosity should be calculated manually "
before any other calculation

;(Eta) actual air viscosity - Col("Par")[1Z] have to bhe calculated first - Y
|| :z fallrrise distance - Cal({"Par")[8] -5
|| :(Bho) density difference - Caol("Par")[5] "3
il g gravitational constant - Col {"Par")[&] -
1 T - Col{"re")[1] hawve to be calculated first A
1| Indexes for parameters in Col(“'Par”) 5

4 Y v o -
> -y "’ AN T
3 %\ 7 ’ i
. sl i 2 R
o
)
X
&
N\
=
)

v
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Charge calculation. Origin project.

7 S T Q=FST n=Q/1.602e-19
° c
6
N
Omd 2ifxt,. 1 [1 1 = number of
> =% ap B E[Z +g} Q=F*S*T elementary charges
4
. _ 1.041985\ 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 ) ) ) - 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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Expected results

Equ ti.o : y=y0 + (A/(W*sqrt(P1/2)))*exp(-2*((x-xc)/w)"2)

s\\\\\\\\\\\\\\\\\\\\

N
777 A
V.
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1odern experiments at S5 /=",

NATIONAL ACCELERATOR LABORATORY

0]
Strobed LED away A Fhaid drop ejector

Electric field plates

E
=0\

Hetarcrked Limmxchister

eDrop generation rate 1 Hz

e Fluid - Dow Corning silicon
oil

eNumber of drops - 17 million

eMass - 70.1 milligrams

eDuration - 8 months

Vi
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. el AR
Modern experiments at ;. F (R

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.
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