corstant speed U to the top piate. 1t will require a constant farcs £ 1o do this; because the
et ledd weouid pussh it dowen, The wiork chone on i against the slectne field will be the
fiorcaz multipiedd by the distance mewved, A This quantity of work done can be caleuated in
anather way. Potential differance ¥ is ahways work done pes unil charga, so

'L;?-l = I, wihich can be reorganised int:.; = E
-1

Vo' is called the potential gradient, and we have afready defined £ lor F100 as tha

strength £,

L
E=—andalso £
(i

B
s S

Oil of density 810 kg m 15 spraved as a fine mist into the space betwesn teo
honzonial paradal plates, which ane 5.0 mm apard. One o droplet of radus

5.6 x 1077 m has a charge on it aqual to the charge an a single alectron, This
dropiet i obsenved through a micmscope to remain stationany between the
plates when there is a potential difference of 183 V across the plates, as shown
in Figure 3. Calculate tha charge on an slectron.

Ekctrical farce
— an oil draplet
i
Microscops
183V T“
e A 1)
= ——
. ’
——= Weaght of one
drapled of ail

Figure 3 A fine mist of of drops i wewad in an ekeciric sd

Answer
vl of droplet = wolume of a sphere of radius r

= 43 = dn = (5.6 x 107743 = 7.26 x 10°® n®
mass of droplet = 736 » 107" m?« 810 kg m™ = 5.96 = 107" ki
wesght of droplist = mg = 596 « 107" kg « 9.81 N kg = 584 x 10N

Since this draplet & stationary, the wesght of the droglet acting downwards must
be balanced Dy the alectrical foree acting upwards.

From the dafinition of alectric fisld strangth, £ = £
Fing B3 = 584 = 107",

Menwee, wsirg the ather way of finding the fisld, E = W = 183 WAL0080 m

Firally, 36 600 = = 5.84 = 105 and ¢ = 5.84 » 107536 800 = 1.60 x 107"

Question
";/-1 M force bebween two equsal porl charges of 6.0 = 10720 a distance of 2.0 mm
dpart 15 40 = 10 M.
via) Calcudate the force betwean the charges when (i} one charge changes 1o
8.0« 107 £ or (i) the distance batwaen them changas to 12 mm.
(b)) Calculate the magnitude of the electric fiskd strength at aither charge.
mf.[c] Use Coulerby's law and the definition of elecine fald strength to show that thie
elactric field sirength £ at a distance r from-a point charge Q is gven by £ w e

alectnic heald strength £, We have therefara bwo atternative ways of finding the alacing hald

Module 1

Electric and magnetic fiebds
Coulombr's b

Key definition '

Potential gradient = eleciric field
srength = Wi

Dom't forget these ase b poestans for
elactnc field sfrength. Some candidates
remember onky electic fald dinecty
fram its defindtion as £ = i S
others resnember it andy as the pofential
gradient £ = ¥4 In practice thers are
many neeesons when bath equatons
are required.

Comments on worked example

The worked example & based on the
first detesmination af the charge on
the electron, achiewved by Millikan
He wan & Mobel prize for his work in
1923, The nain difficudty e had was
In rmasunng the size of the oil drops
he was using, After measuring the
p-d. required to hold a droplet still,
bre switched off the alectric field and
let themn drift dowrweards in air and
then calculated their radius from a
measarement of their terminat
walacity, Cetting 4 single electron
charge o a drop is not that difficult,
Past drops will not sty still,
becawse they are uncharged or ara
charped positively. It & therefore
easy to find & drop that can be
contralied by the applied voltage.

Question

Millikan, using wnits other than Sl
units, found the charge on several
ail drops tobe —5.0, -12.1, -15.0,
=17 B, =271 and —=32.7. ‘What valoe
dnes thes give for the charge on the
ebectron in his units?
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