E. AQMhySK:S A Turning points in Physics

Chapter 1 The discovery of the electron
1.1 Thermionic emission of electrons

Learning objectives:

What are cathode rays and how were they
discovered?

Why does the gas in a discharge tube emit light
of a certain colour?

How is a beam of electrons produced in a
vacuum tube?

Cathode rays

Discharge tubesused in colourful advertising displays were first developed by William Crookes
in the 1870sHe was able to reduce the pressure of the gas indlgdglass tube by removing
most of the gas from the tubising a vacuum pumpie discovered that gases at sufficiently low
pressure in such tubes conduct electricity and emit light of a characteristic colour. For example,
neon gas in such a tube emits red light.

Changing the gas pressure causes the glow dftbgtome from different parts along the tuas,
shown in Figure lnvestigations into the cause of the glow showed that

B the glowing gas near the anode, the positive column, was easily distorted when a magnet was
brought near the tub&his observatioshowed charged particles move through the gas when
it conducts electricity.
B radiation from the direction of the cathddeced6 a p @ d d pldcéd in the tube to
rotate The radiation was referred to eathode rays Placing a magnet near the tube giegh
the paddle wheel rotating by deflecting the cathode rays away from it

Anode Glowing gas Cathode
Positive column Negative glow
I o+ -®
/=

Figure 1 A discharge tube

Further tests showed that the cathode rays to be negatively charged pé&bntattly what

cathode rays are puzzled scientists for over 20 yearslurntthomson carried out a series of
experiments and proved that the negative particles are the same, regardless of which gas is used
in the tube. The cathode ray particles were referred ¢teagons

The emission of light from a discharge tube

The emisgin of light from a discharge tube happens because the voltage applied to the tube is so
high that it pulls electrons out of some of the gas atoms in the tube. In other words, some of the
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gas atoms in the tube are ionised. Positive ions created neartheecate attracted onto the
cathode surface, causing free electrons from the cathode surface to be emitted

B The electrons from the cathode are accelerated towards the anode and collide with gas atoms

causing them to be ionised. The glowinggas nearthe@wat e, t he O0negative gl o
photons emitted when some of the positive ions and electrons produced by ionisation
recombine

B Some of the electrons pulled aftthe gas atoms do not recombine and are attracted to the
anode and therefore further maaweay from the cathodeh ence t he ter m O6cat hod
These electrons move towards the anode and exggtation by collisionof gas atoms in
the tube. The positive column of glowing gas is due texdstation of these excited gas
atoms

The processesf recombination and dexcitation result in the emission of photons of visible and
ultraviolet light.

Look back atAS Physic#\ Topic 33 lonisationand
de-excitation photons and energy levels

The principle of thermionic emission

Thermionic emisgon is a much simpler way of producing an electron beamubang a

discharge tubeNVhen a metal is heated, some of the electrons that move about freely inside the

met al (referred to as 6freed or Ocoeavctthet i ond el e
metal at its surfacén practice, the metal is a wire filament which is heated by passing an electric
currentthroughitThe f i | ament or O6cathodeé is at one end
met al pl ate or O0anisgshewva inBigureR.he ot her end. Thi s

Anode Vacuum

Filament /
> — 00—

}% .
&V _\F\» Glass tube

@ Electron beam

High voltage unit

L

..

Figure 2 Thermionic emission

The electrons emitted from the filament are attracted to the anode by connecting a high voltage
power supply between the anode and the cathode, with the anode positive relative to the filament
There @ae no gas molecules in the tube to stop the electrons, so the electrons are accelerated to the
anode where they pass through a small hole to form a narrow beam

Thespeedof each electron passing through the hole can be worked out by equating:

B the work dme by the pd/ between the anode and the cathode on electtron =V, wheree
is the charge of the electrcand

B thekinetic energy of each electron passing through the h@lam?, wherev is the speed of
each electron at this pten.
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Since the work done on each electron increases its kinetic energy from a negligible value at the
cathodethe speeg, of each electroon leaving the anode is givdiy

imv=ev

Notes

1 The speed of each electron in the bdéaom the anode is given by the above equation. This is
because the electric field between the anode and the cathode does not act on the electrons
once they have passed through the hole in the anode. Their kinetic energy does not change
after leaving the aode

2 The above equation assumes that

= each electron starts from the filament with negligible kinetic energy in comparison with
the workdoneon it by the accelerating pd

= the speed of the electrons in the beans much lesshanthe speed of light ifree space,
¢, so the nofrelativistic formula for kineticenergy(% mv/) applies.

The equatiorwork done = charge x pd was looked at in
Topic4.2 of AS Physics A

The equatiorkinetic energy = % mv? was loked at in
Topic10.2 ofAS Physics A

Worked example
e=1.60x10"C

Calculate the speed of an electron after it has been accelerated from rest througb@OpY of
The rest mass of an electrer®.11x 10 3 kg.

Solution

3 310 193
Rearrangingk mv’ = eV givesv = 1} 20V _ \/2 160°1077 5000 _ ;4 165 107 ms?
m

9.11210°*
AQA  Examiner’s tip

Be careful not to mix up the symbols v and V.

Summary questions

1 When a suitable pd is applied between the anode and the cathode of a discharge tube, explain why the
gas in the tube conducts electricity and emits light

2 Explain why

a the glowing gas in a discharge tube is distorted when a magneteothtsitlibe is placed near the
glowing gas

the negative particles in a discharge tube are identieghrdless othe gas in the tube.
3 a Look atFigure 2 andstate the function of
i the cell connected to the filament
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i the high voltage unit.
b Explain why the tube in Figure 2 must contain a vacuum.

4 Calculate the speed of an electron after it has been accelerated in a vacuum tube from rest through a pd
of 4000V. Give your answer to 3 significant figures.
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1.2 Deflection of an electron beam

Learning objectives:

How can electron beams be controlled and
deflected?

What happens to the deflection of an electron
beam if the speed of the electrons is increased?
How can we determine the speed of the
electrons in a beam?

An electron beam can lakeflected by an electric field or a magnetic field. By adjusting the
strength of the field in each case, the extent of the deflection can be controlled. In this topic, we
will consider the principles behind the use of electric and magnetic fields tolcamlectron

beam before moving on in the next topic to consider how these principles may be used to
determine the specifichargee/m of the electron

Using a uniform electric field

Figure 1 shows a glass vacuum tube in which an electron beam isguiaauthat it can be
deflected by an electric field or a magnetic field or both

Glass tube
Vacuum
Anode
Filament
E
_J__ - Plate
} —————— voltage
+ unit
— ¥
—e
— Anode
Ea;th voltage
unit Visible
trace on \
screen Deflecting plates P and Q

Figure 1 Deflecting electrons

The electric field used to deflect the beam is produced in Figure 1 by applying a constant pd
between the metal deflecting plates P and Q.bdsan enters the field at right angles to the field
lines and is deflected towards the positive plate.

The force on each electron in the field is constant in magnitude and direction because the field is
uniform so the beam curves in a parabolic path §sst projectile projected horizontally daes)
The fluorescent screen in the tube enables the path of the beam to be observed and measured.

If the pd between plates P and<)/s, the forceF on eackelectronis given by theequation

F=eE= Eﬁﬁi
d

whered is the perpendicular distance between plates P aaddE (= Vp/d) is the electric field
strength between the plates
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Notes

. " F \ .
1 The acceleration of each electron towards the positive, @ate— :e_g , wheremis the
m m
mass 6the electron.

2 The time takent, by each electron to cross theld = L , WhereL is the lengtlof eachplate
%

andv is the initial speed of the electron on entry to the fi€hds is the horizontatomponent
of t he el #yathe feeld sst has ad horizontal acceleration.

3 The deflectiony, of the electron on leaving tlield is given by theequationy = % at’. The
deflection may be measured directly from the trace on the screen in thé thbespeed of
the electrons is increaséuly increasing the anode voltageach electron spends less time in
the electric field so the deflection is less.

4 The above equations can be combined to show that the deflgddidirectly proportional to
the plae pd.

Horizontal projection was looked at in Topi@ &f
ASPhysicsA.

Using a uniform magnetic field

A uniform magnetic field can be applied to the electsteamby placing a paiof large circular
coils coaxially either side of the tube such tthat plane of each coil is parallel to the screesn
shown in Figure 2.

When the two coils are connected in series and a current is passed through them in the same
direction, a uniform magnetic field perpendicular to the screen is prodlitednagnetidlux
density can be varied by varying the current in the coils

coaxial coils

coil
. current

.
\
.
,
X

magnetic field

electron beam

Figure 2 Using coaxial coils

Each electron in the beam experiences a force due to the magnetic field at right angles to the
direction of motion of the electrons and to the direction ofithgnetic fieldIn accordance with

F 1 e mi n-gaddsrulelthe fegult is that each electron is forced on a circular path so the beam
traces a circular arc on the screen.

The forceF on each electron in the field is givey
F = Bev
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whereB = the magnet flux density of the magnetiteld andv = the speed of the electron

Notes

The direction of the magnetic force on each electron is perpendicular to the direction of velocity
of the electron. Therefore,

B the magnetic force does no work on the elecsmits speed remains constant
2
. . . . . \Y
B the electron moves on a circular pathradiusr with a centripetahcceleratiora = —
r

UsingF = matherefore givesBev= ﬁ

: mv
Hence the radius of curvature of the beam plath?
e

The equation shows that the radius of the beam can be increased by

B increasing the anode pd so the electron spésdhcreasegdor
B decreasing the coil current so the magnetic flux density is decreased

Balanced fields

With a magnetic field appléeas outlined above to deflect the beam downwards, the deflection
can be cancelled out by applying an electric field of suitable strength with thiategPpositive
relative to the lower plate.Q

Collimator
plate

Speed of >

electrons v ' I

Magnetic
field in

Figure 3 Balanced fields
B |f the electric field is tostrong, the beam will be deflected upwards because the magnetic
force acting downwards on each electrowésmkerthan the electric force acting upwards.

B |[f the electric field is too weakhe beam will be deflected downwards because the magnetic
force ating downwards on each electron is stronger than the electric force acting upwards.

The beam passes through the fields without being deflected when the &hectri% is equal

and opposite to the magnetic fo8es on each electrolhe two fields may be said to be
0 bal an c e thdyprduleéce zeno eegultant force on each electrothis situationthe speed
v of eachelectronis givenby

o
d

Bev=
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Rearranging this equatiaives v = Ve

Bd

Worked example
e=1.60x10 *&

A beam of electrons is directed horizontally into a uniform electric field which acts vertically
downwards. The electric field is due to a pdtbb0V applied between two parallel deflecting plates

60mm apartWith the electricield on auniform magnetidield is appliedto the beam perpendicular to

the electric field and to the initial direction of the beam. The magnetic flux density is adjusted to a value
of 24mT so the beam is undeflected.

a State the directionf:
i the ekctric force
i the magnetic force
b Calculate the speed of the electrons as they pass through the electric and magnetic fields.

Solution

a i The electric forcés vertically upwards (in the opposite direction to the electric field lines
because the eleron has a negative chajge

il The magnetic force is vertically downwar@s the opposite direction to the electric force)

=3.2x10'ms'?!

eV,
b Using Bev=—F gives speed/ = Ve _ 1500 -
d Bd 24310°360°10

Summary questions

1

In Figure 1, if the tp plate is at a negative potential relative to the lower plate, state the direction of
a the electric field between the plates

b the force on an electron in the field

c the acceleration of an electron in the field.

An electron beam is directed tiwontally into a uniform electric field which acts vertically downwards
Explain why the electron beam curves upwards with increasing speed.

An electron beam is directed horizontally into a uniform magnetic field that is perpendicular to the
initial direction of the beanExplain why the beam curves round in a vertical circle at constant speed.

A beam of electrons moving at a speed 8210’ ms * passes through perpendicular electric and
magnetic fields without being deflectéthe magnetic fieldas a flux density 3.x 10°3T.

Calculate the strength of the electric field
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1.3 Use of electric and magnetic fields to
determine e/m

Learning objectives:

How can e/m be measured?

What measurements are needed to determine
e/m?

What was the significance of the first accurate
determination of e/m?

The determination of the specific charge of the
electron, e/m

After the discovery of cathode rayk] Thomson in 1895 measured the specific chal%e,of
m

the electron (e. its charg e divided byits massm, soméime referred to as its chargedss ratia)

Using a deflection tube, he measured the speed of the electrons by passing them through balanced
electric and magnetic fields, adjusted so the electron beam was undeflébeteped of the

electrons could then be calculated, as explained in Topic 1.2, by measuring the defledting pd

the plate spacind and the magnetic flux densiB/and using the equation= % .

With one of the fields switched off, theftdtion of the beam due to the field still on was then

measured and used with the known value of the initial speed to detefmine
m

Using the electric field only, as shown in Figure 1, with electrons of known speed

B thetime takent, for the electrons to travel the lendttof the deflectingplates= L
Vv
B theaccelerationa towards the positive plate 2—3/ (fromy= % at)
t

. . eV; . . .
Since the acceleratian= —g , rearranging this equatiagives &= \e/t_d
m m

P
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electron leaves the field

+ plate ] :
I at vertical deflection y
electron enters the
field horizontally \— yT
L T
- plate

Figure 1 Deflection by a uniform electric field

Projectile motion was looked at in Topi@&f AS Physics A

Worked example

Electrons moving at a constant speed amected horizontally into a uniform electfield due to two
parallel plates of length 80mm. The plates are spaced 8fhm apart and havepl of 3000V between
them. The electrons are deflected by028m as a resuliVhen a uniform magnetic field difix density
2.05mT is applied at right angles to the beam and the electric field, the beam is unde@attathte
the specific charge/m of the electron.

Solution
Ve _ 3000

=293x10'ms'?
Bd 205210°%350310°

The speed of the beam =

3103 _
time taken,t = Lo M =2.05x 10°%s
v 293310

. 2y 23220310° ;
accelerationa ==Y = 2°220°10° _ 1.05% 10*mg 2

_ad _105°10'% 50310
Vo 3000

e/m

=1.75x 10" Ckg'*

Using the magnetic field only, with electrons of known spedhe radius of curvatuneof the
beampathmust bemeasuredn a magnetic field of known flux densiB;

V. Using the measured valuek

Rearranging the equatiorr %’from Topic 12 gives Br
e r

£
m

v thenenablesE to be calculated.
Br m
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Note
2 2
The radius of curvature of the beam may be calculated usingngiy). Knowledge or use of
y

this formula is not requireieh the specificationfor this option

Worked example

Elections moving at a speed of 1.80.0'ms " are directed into a uniform magnetic field of flux
density 1.40< 10 3T in such a direction as form a circle of diameteB5mm. Calculate the specific
chargeg/m, of the electron.

Solution
1.602 10’

Y- . =1.76x 10! Ckg'*
Br  1.40° 1033 0.065

egm=

Measurement of e/m using the fine beam tube

The 6fine beamdé tube shown in Figure 2 is desigr
collisions between some of the electrons in the beam and the small amount of gas in THetube

amount of gas is small enough so that most electrons are unaffected by its presence in the tube

With a sufficiently strong magnetic field, provided the initial direction of the beam is at right

angles to the magnetic field lines, the beam path caedr®as a complete circle, enabling its

diameter and its radius to be measuietails of the measurement of the magnetic flux density

are not required in the specification for this option

Field coils
Glass bulb —eeagi's

Electron
beam

Filament
leads

Gas at low
pressure

Coil terminals

Figure 2 The fine beam tube

The stronger the field, the smalle circle With the anode voltageé, constant, the coil current
is adjusted in steps so the beam diameter can be measured directly from a scale insiddrihe tube
this way, the magnetic flux densByis measured for different values of the beam radius

As explained in Topic 1.1, the speed of éhectronsdepends on the anode voltayg, in
accordance with the equati(#mv2 =eVh.

Combining this with the equatiar= %’ rearranged ag= Ber gives
e m
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2

mé’\Ber
¢m

OO

=eW

N =

Making £ the subject of this equation therefore gives
m

e_
m B*?
Notes
1 Rearranging the above equation givesk/B wherethe constank = 2”;\//*

Using the measurementsradndB to plot a graph of against%gives a straight line through

the origin with a gradient equal koTherefore,E can be determined if the valuelofs
m

. . A%
measured from thergph and useih the equatlon2 = k—zA
m
2 Bcan be measured using a Halbbewithout the tube present, is measured directly using
a suitable voltmeter connected across the high voltage supply unit.

Worked example

Electrons emitted from the heated filament are accelerated through @®@\obfo form a beam which

is then directed into a uniform magnetic field of magnetic flux densityn3. The magnetic field
deflects the beam into a circle of diametdmm. Usethese data to calculate the specific charge of the
electron.

Solution

beamradiusr = 22mm

7.IN 23 490

em= =
B2 (34310°%3 223 10°%)2

=1.75x 10" Ckg'*

The significance of Thomsonds det

of e/m

The specific charge of the elemtris 1.76x 10'*Ckg'*. The value was first determined by
JJThomson in 1895Before Thomson made this measurement, the hydrogen ion was known to
have the largest specific charge of any charged particle ati®8Ckg' * Thomson therefore
showed thathe electron's specific charge was 186teslarger than that of the hydrogen ion
However, Thomson could not conclude that the electron has a much smaller mass than the
hydrogen ion as neither the mass nor the charge of the electron was known methBihé

charge of the electron was measured by Rillikan in 1915.
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Concentrate on the principles of the above methods and
make sure you know when to use the relevant equations.

Summary questions

1 Electrons moving at a constant speed are directéddmsally into a uniform electric field due to two
parallel plates of length 85t0m and spaced 408m apart which have a pd of 40@Metween them.
a When a uniform magnetic field of flux density 2:99 is applied at right angles to the beam and to
theelectric field, the beam is undeflected. Calculate the speed of the electrons.
b When the magnetic field is switched off, the beam is deflected vertically by the electric field by
55mm where it leaves the field. Show that the each electron takesszdbpass through the field
and calculate the specific charglen of the electron.

2 Electrons moving at a speefl1.35 x 10" ms ! aredirectedinto a uniform magnetic fieldf flux
density 1.54x 10 T in such a direction as form a circle of diameteBOmm. Calculate the specific
chargeg/m, of the electron.

3 Electrons emitted from the heated filament are accelerated througbf &paV to form a beam which
is then directed into a uniform magnetic field of magnetic flarsity2.8mT. The magneic field
deflects the beam into a circle rafdius28mm. Use these data to calculate the specific charge of the
electron.

4 OQutline the significance of Thomsondsendeter minati on
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1.4 The determination of the charge of the
electron, e, by Milli kands met hoc

Learning objectives:

How can e be measured?

What measurements are needed to

determine e?

Why was Millikanés determination of
e important?

Measurement of the charge of a charged oil
droplet of known mass

Platep Oil BBy  Draught shield
\ spray >

o+
High voltage
. S

Plate Q
. Microscope Earth —
Oil field of view
droplets
(a) Side view Lamp
Hole in top plate
Draught shield
Microscope D
(b) Top view \V
FigurelMi | I i kandéds met hod for finding e

The accurate measurement of the chaggef the electron was first successfully made by

R A Millikan in 1915 He discovered he could control the motion of charged oil droplets from an
oil spray using the electric figlbetween oppositely charged parallel metal platesound that if

the plates were horizontal so the field was vertical, he could slow down or stop or reverse the
descent of an oil droplet falling between the plates. Using a microscope as shown il Higure
was able to observe individual charged oil droplets.

He was able to make any charged droplet stay in a statipasitjonby adjusting the pd between
the plates until the electric force on the droplet acting vertically upwards was equal anteopposi
to the weight of the droplefigure 2 shows the forces on such a charged droplet.
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+ Ve
negatively charged electric force = QV,
oil droplet in a d
stationary position
weight = mg

|

0 volts
Figure 2 A stationary oil droplet

For a droplet of charg® and massn

QVe

B the electric force on thdaropletzT whereVr is the plate p@ndd is theperpendicular

distance between the plates
B the weight of the droplet mg

Therefore, when the droplet is stationary

QVe
—_— = m
d g
Hence the charge on the drop%vi = n\1/gd
P

If the mass of the droplet is known, the chafen the doplet can therefore be calculated

Notes

1 The polarity of the top plate must be opposite to the sign of the charge on the droplet in order
that the force due to the electric field acts upwafdle droplet is positive, the top plate
must be negative witrespect to the bottom plate. If the droplet is negative, the top plate must
be positive with respect to the bottom plate.

2 The upthrust on the droplet due to buoyancy is equal to about 0.1% of its weight and
therefore may be considered to be negligiklmowledge of the upthrust is not required in
this option specification.

3 The electric field strength between the pld&esVy/d

The significance of Millikands result:

Millikan was able to measure the mass of each droplet accurately by measuring ital tgpeal
with the electric field switched affie was then able to calculate its charge as explained.above
After making many measurements on many charged oil droplets, he found that the&xiage
alwaysa whole numbex 1.6 x 10 *°C. In other words, he showed that electric charge is
quantisedin whole number multiplesf 1.6 x 10 *°C. He concludedhatthe charge of the
electronis 1.6 x 10 *°C and that the wholaumbem corresponds to how many electrons on the
droplet are reponsible for its charge
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Worked example
g=981ms? e=1.6x10"°C

A charged oil droplet of mass 3810 *kg is held stationary by the electric field between two parallel
horizontal metal plates which arédBm apart. The top plate is at a aége potential of 5 8/0
relative to the lower plate which is earthed

a Calculate the charge on the droplet and state its sign.

b State how many el ectrons are responsible for the

Solution
310 1%3 3 3103
a Q:mgd:3.8 10 9.813 5.0310 —3231019%C
A 580

The droplet is positiely charged.
b 2

Measurement of the mass of an oil droplet

When no electric field is present, an oil droplet falls at its ternsipagédaccording to its weight

The greater the weight of an oil droplet, the greater its terminal Sgdekbn realised be drag

force on the droplet due to air resistance is equal and opposite to the weight of the droplet when it
falls at terminal speed he resultant force on it is zero and so its acceleration is zero. By
measuring the terminal speed of the droplet, healbésto calculate the mass of the droplet as
explained below.

Terminal speed was looked at in Topic 9.A& Physics A

negatively charged g fots=lGmnry

oil droplet falling in
air at terminal speed v

weight = mg
Figure 3 An oil droplet falling at terminal speed

Figure 3 shows the forces acting on the droplet as it falls at its terspieadl Assuming the
droplet is a sphere of radius

B its volume= £ pr® therefore itsnassm = its volume(£ pr®) x its density(r) = £ prr.
Thereforejts weightmg= % prirg

B the drag forcelp = 6p/irvaccording td5 t o Kaw,svidere/ris the viscosity oair. The drag
force is always in the opposite direction to its velacity

3 —
So, 2 prirg=6phrv

Rearranging this equatiaives r 2 =;ﬂ
rg
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The equation above shows the radia$ the droplet and hence its mass can be calculated if its

terminal speed is measured and the values of the oil densityd the viscosity dodir /2 are
known

Density was looked at in Topic 11.1 ASPhysicsA.

Worked example
density of the oik 960kgm' ? viscosity of air= 1.8 x 10 Nsm' 2

A charged oil droplet was held stationary between oppositely charged metal fates &part when
the pd between the plates wi20V. When the pd was switched offie droplet fell at a terminal speed
of 1.3x 10 *“ms * Calculate

a the mass of the droplet

b the charge of the droplet

Solution
3 31053123104 _ .
a 2=V _PLBL0PIFI0 _ ) 15, 151202 hencer =1.06x 10°m
2rg 23 9603 9.81

m= % pr’r = £ p(1.06x 10°)° x 960 = 4.75x 10 °kg

_mgd_4.753101%3 9813503103

=4.8x10%°C
VA 490

Notes

1 When the drop is held stationary by the electric field and the field is switched off, the droplet
falls and reaches its terminal speed in a fraction of a seltsrditial acceleration ig as it is
due to gravity only as the drag force is initially zero. As the droplet gains speed, the drag
force increases so the resultant force (and hence the acceleration) decreases to zero

2 When the electric field is on anke droplet is moving vertically, it moves at a constant speed
that depends on its weight, the drag force and the electric fageae 4 shows the forces
acting on a droplet that is made to move up or down by changing the electric force.

= In (@) the elegic force is greater than the droplet weight sodtapletmoves upwards
= In (b) the electric force is less than the weight so the droplet falls
= In (c) the electric force is downwards so the droplet falls
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electric force

velocity I

weight + drag force

a) electric force
acting upwards;
droplet moving up
at constant speed

B AQAPhysics A

electric force +
drag force

velocity l

weight

b) electric force
acting upwards;

droplet moving down

at constant speed

Figure 4 Using the electric field

AQA  Examiner’s tip

When describing the forces acting on the droplet, do not
f or c eThe wi t
electric force is the force due to the electric field.

confuse

6el

ectric

Summary questions
g=981lms? e=16x10C

Turning points in Physics

drag force

velocity l

weight + electric force

c) electric force acting
downwards; droplet
moving down at

constant speed

h t

he

term

6el ectri

1 A charged oil droplet of mass6f x 10 *°kg is held stationary by the electric field between two parallel
horizontal metal plates which are 6/én apartThe top plate is at a positive potential320V relative
to the lower plge which is earthed

a Calculate the charge dhedroplet and state its sign.

b St at e

how many

el

ectrons

ar e

responsi bl e f

or

2 A charged oil droplet of radius 1.2010 °mis held stationary in a uniform electric field stfengh
8.20x 10"V m'* which act vertically upwards

a Show that the magf thedropletis 5.35x 10 *°kg.

b i

ii St at e

how many

densityof oil = 960kgm'®

Calculate the charge dhedroplet and state its sign.

el ectrons

ar

e

responsi bl e fo

3 A charged oil droplet was held stationary between oppositely charged metal @atesbapart when
the pd between the plates wa0V. When the pd was switched off, the droplet fell at a terminal speed
of 1.15%x 10 *ms * Calculate

a the mass of the droplet
b the charge of the droplet
densityof the oil= 960kgm'3, viscosity ofair = 1.80x 10 °Nsm'?

4 a State the general result obtained by Millikan for the charge on a charged oil droplet and explain its

significance.

b A chaged oil droplet is heldtationaryin a uniform electric field which is then switched off.
Describe and explain the subsequent motion of the droplet.
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