Electric Field

1993 A/L-8 4

1) What are the similarities and differences between gravitetional forces and eluctrostatic forces?
Two protons P and Q of mass 1.67 x 10-27 kg and charge + 1.6 x 10 C are placed l'cr.u apart as
shown in the figure. Show that the gravitational force acting between them is negligibly small
when compared to the electrostatic force acting between them

‘(universal constant of gravitation G = 6.67 x 107" Nm’kg?,

Suppose the proton Q moves around the proton I’ which is at rest in a circle of radius I cm in the
clockwise direction.
(1) Calculate the magnitude of the electric field intensity experienced by the: proton P
(i) If the proton Q make F number of revolutions per sac. the effective curent | flowing around
the circumference of the circle can be written as,
I = ef. where e is the proton charge.

Determine the magnitude and direction of the magnztic flux density preduced by this current

Pe lem »Q

=9x 10" Nm’C™?)

4ne,

at the centre when =10 H‘.f...(:l}il = IU"TT'mA“'j

m

(iii) Is there u force on the proton P due to this magnetic field? Explain your answer.
(iv) If the moving proton Q is replaced by a thin circular loop of wire carrying the same current |

19

repeat the calculations (i) and (ii) abbve .

7

2) A parallel plate capacitor having plate area A carries a charge Q. If the capacitor is placed in air
derive an eapression for the electric field intensity E across the pates.

A parallel plate capacitor placed in air has a platc area A and 4
a plate separation d. IUis charged to charge QQ by connecting a |
constant voltage source across the plates. The voltage source K (Dh |
is then disconnected and a slab of dielectric constant k and
thickness h is inserted between the plates as shown ia the
figure.

Write down expressions for the electric fie!d intensity
(a) in the gap between the upper plate ard the dielectric slab,
(b) in the dielectric slab 1

(¢) in the gap between the dielectric and the lower plate

(i)

(ii)  Derive an expression for the potential difference across the plates of thz capacitor,
(iii) Hence or otherwise show that the effective capacitance of the capacitor is given by
ke, A

Kd - htk—1)

(iv) If the dieleetric slab is ins_crtr.d without disconnecting the voltage source what will be the
final charge on the capacitor?

v) In -wh:ch situation IL Is easier to insert the dielectric slab? Explain your answer without
doing any calculations.
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3) A charge Q is distributed uniformly over a thin spherical shell of radius R. Use the
Gauss' theorem to show that the electric ficld intensity anywhere outside the shell is the
same as if the charge Q were concentrated at the center of the shell. Find the electric
field intensity inside the shell. :

A particle of charge +q is released from rest from point A towards a uniformly charged
thin spherica shell of radius R currying charge - Q. As shown in the figurc the particle
is initially a1 a distance d from the center of the shell, and when released it passed
through the two small holes situated diametrically opposite sides of the surface of the

shell, without touching the shell.

(i)  What is the electric potential energy of the charged particle
{a) when it is at peint A and (b) when it reaches the centre of the shell?

(ii)  What is the kinetic energy of the particle when it is at the center of the shell?

(iii) How far from the center of the shell does the particle come to rest again?

(iv) State whether the velocity of the particle will increase, decrease, or remain
constant while travelling from A to B. B to C and beyond C.

1996 — 7(b)
4) An electron is accelerated through a potential difference of 18.2 kV. The charge (q) and

the mass of the electron are 1.6 x 107'7C and 9.1 x 107" kg respectively,

(i) Find the work done on the electron by the potential difference.

(ii) Assuming that the electron started from rest calculate the speed (v) of the electron
after accelerating through the potential difference.

(iit) The eleciron then enters a region in which there is a

uniform magnetic field ol flux density, B = 0.2 T acting § ﬁ i § §§
normal to the initial direction of motion of the electron as ¢ WMWY
shown ir the diagram. Calculate the force (F) on the "7 "X X X X X X
electron due to the magnetic field and indicate its X XXXXX

XX XXXX

direction (Here F = qvB). Find the magnitude of an
electric field that will make the electron move without
any deviation. Indicate on a diagram the direction in
which this electric ficld should be applied.

(iv) The undeviated electron is then allowed to travel cin .
between iwo horizontal parallel plates. cuch 8cm st
long and separated by | ¢m as shown, if' the
potential difference between the plates is 200V,

find the vertical deflection of the electron as it
leaves the plates.

oY ety _ I 1 cm
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3)

An electrostatic instrument has a hollow metallic spherical shell of radius 0.9 m

mounted on an insulating support clectrical breakdown will oceur in the air outside the

spherical shell when the clectric field intensity at the surface of the shell exceeds

12x 10" Vm!

(i)  Whnt is the maximum potential to which the sphere can bz charged without
oceurring an clectrical breakdown? Caleulate the charge and the electrical energy
stored on the sphere under this situation.

(i) When the sphere is at its maximum potential it is found that charge leaks of the
sphere at a constant rate of 8 x 10 C per sccond. Briefly describs a process by
which the charge leaks of!' the sphere.

(iii) “In order o maintain the maximum charge on the sphere at the valug calculated (i)
Charge has to be supplied continuously to the sphere at the abcve mentioned rate.
This is done by bringing a source of charge inside the sphere and allowing it to
touch the inner surlace of the sphere, State the reason for adopting the above
procedure to charge the sphere,

(iv) Calculate the rate at which the electrical ensrgy is supplied to the sphere under
this situation

{ ! =9x lﬂ"Nm’C‘."‘:r

4ne,

1999A/1.-3

6)

Write down an expression [or the capacitance C ol a parallel plate capacitor filled with

a material of dielectric constant k. ldentify the symbols used.

A dielectric slab of thickness 3 mm and of promommmmr 2

dielectric constant 4 is placed between the f’x’%ﬁj{}}%ﬁ*é 13"““

& Z L e

plates of a parallel plate capacitor.

The plates of the capacitor are square in shape, each of area 0.2 x 0.2 m” and their

separation is 3 mm. The slab covers % of the plate area of the capacitor as shown in the

figure. IFind the capacitunce ol | he system.

When a potential difference of 4 kV is estublished between the plates by connecting a

baltery across them. It was observed that the slab moved a disiance of 1 mm during a

short time interval. .

(i)  What would be the increase in capacitunce and ircrease in eaergy stored in the
capucilor-due to the movement of the slab?

(ii) By taking this increase in energy 1o be equal to the work done on the slab,
calculote the lorce exerted on the slab, Assume that the foree on the siab remains
constunt during the short time interval mentioned above,

(i) Find the encrgy -upplu.d by the battery during the same time intervai

(e =9x 10" Fm™")

I A
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7) A point charge +1 pC is placed at the centre O of and isolated
conducting sphetival shell of inner redius 10 ¢cm and outer /77
radins 13 v as show in the diagram, The points P, Q. RS and
T shown in the diagram are situgted in such a way that OP=20
em. OQ = 15¢m, OR = 12.5 em OS = 10 em and OT = Sem

{-L-~=9x10",~=wc.‘ ’}

4,
(i)  Whal arc the induced charges on the inner and outer surfaces of the conducting
shell?
(i) Find the electric field intensities at points P. R and I . Sketch the variation of
clectrie field intensity (12) with the distance (r) from the centre.
(i) (a) find the electric potentizls at pointes P, Q. R, and 8
(b} Find the electric potential dif-erence between the points 1"and §. HHence find
the electric potential at point T. -
(¢) Sketch the variation of electric potential (V) with the distance (r) from the
centre.
(iv) If an additional charge of -1uC is given to the conducting shell, Find the charge
densitics on the inner and cuter surfaces of the conducting shell.

<002 A/l-4
questions given below
One important application of electrical discharge in gases is
device called £n electrostatic precipitator. This device is used
-0 remove particulate matter from combustion gases, thereby
reducing air pollution, They are especially useful in coal

nower plants and in industrial plants that generate large
quantities of smoke. Modern precivitators are able to
eliminate more than 99% of the ash and dust (by weight) /
irom the smole. Figure shows an arrangémient which gives

the basic idea of the electrostatic precipuator.

A conducting wire running down the centie is maintained at & high potential relative to
the grounded outer eylindrical conductor. Polluted gases enter at the bottom and pass
“hrough the electric field around the wire. The strong electric field near the wire causes

4 corona discharge around the wire and the formation of positive ions, clectrons and

negative ions, such as O As the electrons and negative jons are accelerated towards
the outer wall, the impurity particles in the stecaming gas become chacged by collisions
and ion capture.  Since thezse impurity parucles become negatively charged they are
drawn 10 the outer wall, where they stich. By periodically shaking or Nushing the
eylinder the impurity particles fell loose and are collected at the bottom,

The phenomenon known as corona dizcharge is often observed near shap points of a
conductor or thin condusting wires taised 10 a high potential, I the electric field
intensity near the conductor is high encugh (about 3 x 10° V! for dry air) it can cause

Physics Essay 3 Question Book 3
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an electrical discharge (break down) in air. This breakdown is initiated by the
moleculur ions and electrons present in air produced for example by cosmic rays,
These ions and electrons accelerate rapidly towards the conductor under the action of
the electrie field, On their way to the conductor they collide with other molecules. and
thereby crente more ifons and ¢lectrons.

[-—-‘—— = 18x10’ Nm’(l"z}
e,
(i) (a) Whatis the purpose of using this device in conl power plants?
 (b) Do modern precipitators fulfill the purpose that you have: mentioned above?
Justily your answer.
(i) Is the wire maintained at positive or negative potential?
(iii) What is the advantage of grounding the outer cylinder?
(iv) Draw the elective lines of force in the vicinity of the wire .
(v) Is there a current between the wire and the outer wall when the precipitator is in
operation? Explain your answer.
(vi) Why are the polluted gases sent in at the bottorn rather than at the top of the
device?
(vii) What is the reason for maintaining the polarity as mentioned in (ii) above?
(viii)If an Q; ion and an electron are at a same distance from the wire, which one has
the higher acceleration? Give reasons for your answer.
(ix) State two methods whereby spme molecules in the air get ionized naturally. (One
method is given in the paragraph)
(x) If the magnitude of the potential of the wire relative to the outer wall is V volts,
and the charge per unit length on the wire is A C m”, V is related to & by the
following equation

= —5-—-;1 Calculate 2. for V=90 KV.

27e,
(xi) (a) Assuming the wire to be very long, use Gauss’ theorem to show that the
eleetric field intensity E at a distance r from the wire is givean by £ = —Z-—I-fl
e, r

(Hint: Select a cylindrical Gaussion surface of radius r and unit length of
height that is coaxial with the wire. }

(b) Determine E at a distance r = | mm. Show that this value is grater than the
breakdown electric field mtcnsrty for dry air,

2004 A/L-3
9) A particle of charge +q #nd mass m is moving along the ;
positive x direction in a vacuum where the electric field is -
zero. This perticle then enters at x = 0, ¢ uniform electric -—._.1;

field of intensity E extended over a large region, with - '
velocity v as shown in figure 1. The clectrie field is it e it
directed ulong the negative x direction , Describe x=0 7
qualitatively the motion of the particle uller entering the figure I

electric licld. (Neglect the effects of gravity)

Physics Essay 6 Qucslim
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F'wo particles P and Q each of charge “q ind mass m. start o move al timct=0ina
vacuum simultancously with two initial velocities vy and v respectively, (vi - v2) along
the positive x direction from twa points corresponding to x = 0 as shown in figure 2.

- L > H

1 ' f
1 H i
1
]}?.-_-\II'_... E 5 :
i E :
: ' it
1 Vi | i
....-_......L_... 1 4'
' : h
L] i :-_L A_
x=10 ya], A x=L+H
figure 2

d) - 1f the two particles travel in a field free region from x = 0 to x = L, obtain an
expression for the separation d batween the two particles, at the instant when the
faster particle reaches x = L.

{ii) At x = L, the two particles enter a uniform slectric field of intensity E directed
along the negative x direction. If the electric field is extended from x = L to
x = 1= M as shown in figure 2, odtain an expression for the minimum value Eum of
the intersity of the electric field required to turn both particles back and make
them travel in the negative x direetion.

(iii) Now consider a situation where E is greater than En
a) Obtain expressions for the times. tp and to. Spent by the particles F and Q

respectively in the electric field. '

b} Whena the intensity of the electric field E is equal to a certain value Eg, both
particles P and Q. which had entered the electric field at different times due to
the cifference in initial velocitics at x = 0 leave the electric field at x = L
simultancously.  Write down an expression relating Fo o other relevant
paramercrs given above,

10) Read the fcllowing passage carefully and answer the
questions given below.
A thundercloud is formed by a strong upddratt of warm
and humid zir. The humid air expands as it rises and its
temperalure decreases.
Usually thunderclouds have, tyo main centres of charge,
with the lower charge being negative as shown in the
figure (1). (Wote that the figure is not drawn to a scale)
In this figure the negative charge centre and the positive
charge centie are sitwated at heights /iy and f1a above the .
ground () respectively. The magnitude of the electric Figure (1)
field in=nsity under a thundercloud is one of the factors which determines the
possibility of a lightning flash to the ground, Because the earth is a good conductor
compared (o air, an approximate value for this electric field can be calculated using a
technique celled "method of images”. '
A charge - Q will induce a positive churge on the surthce of the earth as shown in figure
(2) a). It can be seen that the same pattern of lines of foree in figure (2) a) will be
obtained il the earth did not exist and a positive  charge +Q was pluced, as in figure (2)
Physics Essay 7 _ Question Book 3
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b). Theretore the actual eleetric field intensity at the peint P on the ground will be the
same as the lield intensily halfway between these two charges - and its miorror image /
Lightning could cause human deaths and properly damage. To save building, lightning

conductors are fixed at the highest points of the building. A conductor like this has 4
pointed end on one side and the other

side is connected to a thick copper strip which rung
d

own the building. The lower end of the copper strip has to be grounded properly.
What  should  one not  do during e
!ighming‘.’ A discharge can be c“fl‘icd /,'ﬁ&:\\
Mo @ house through  power  lines, r'J{ b
telephone wires or even through the ' \
LK +
; -

[ F

walter in pipe lines. Therefore we should ~*-+'-L! -

avoid using clectrical equipment such as Figure (2) 2)

televisions and  telephones during i
lightning, If you are in outdoor, avoid Figure (2)b)
taking shelter under isolated trees of

shacks that are obviours largets,
When a lightning stroke hits a tree, a large current flows along the wer channels in the
trunk and it may enter a person

who is either standing near or leaning on the tree. This
current that centers a tree sunsequently flows along the surface of the ground. The

potential difference produced between two points on the ground about 1 m, apart result in

a fatal current flow through animals or people. One can minimize the effect of each a
potential difference by keeping one's feet together,

i) If you are inside a house durin
1) If you are w
lightning

g lightning list two things that yo

u should avoid doing.
outdoor why is it dangerous 1o stand near or le;

h on a tail tree during
1) To protect buildings from lightning. figltning conductors are used. Give reasons for
the following,
a) Open end of a lightning conductor should be pointed.
b) Lightning conductor should be pointed,
¢) The connecting copper strip has to be thick
iv) Why do the air masses
4) expand

b) cool
us they ascend ? ’

vl u) Using the method of images, show that (he magnitude of the resultant electric
field intensity 1 at point 2 in figure (1) s gis

ven by,
< = ._9-..- ..J_ I
" 2ne, h} h3

b) Taking Q =20 C, hi =3 kmand hy = 6 km, Cale

ulate B, | ..t s | 80x10" Nm*C™ |
n g, J

What is the direction of this field?

Hence determing the induced surface churge density on the ground at point P,

(€= BHS N 107CNy?)
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vi) Suppose a single lightning stroke transfers u charge of -5C through a potential
difference of 108V, Calculate the encrgy released by this lightning discharge
assuming the potential difference remains constant. State two modes of dissipation of
this encrgy.

vii)During lightaing,. cattle standing on the ground have high risk of petting killed even in
the absenice of a direct lightning strike. Suggest a reason for this.

007 A/l-4 Primary
b e electron
cathode i W 1. positive
’ ! ‘_.-, I ¥ o"‘__ .
plates =r\ L N ! Anode wires S

( -
s /o o o 9 * g
\ 2 connected ¢ = +Electron

chamber .2 LS
i high voltage

filed . | sbeead
withgas “-----. /.....-.--.-......l. :
Anode wire
Figure (a) : Figure (b) %

Detection of photons and other subatomic particles is important in high energy particle
physics. The mulii wire propoitional chamber (MWPC) is one of the detectors that is used
for such purpuses. Applications of MWPC can be found in a variety of fields such as
nuclear medicine, protein crystallography, and particle track detection in high energy
physics experiments. In its basic configuration. an MWPC consists of thin (~p m diameter)
parallel and equally spaced anode wires symmetrically placed between two thin metallic
cathode plates as shown in figure (a). For proper operation, the gap / is normally three or
four times larper than the wire spacing s {~2 mm). The cathodes are earthed and the anode
wires are mainta ned at a positive high voltage (~3 kV) to produce an extremely large
eleatric field arovnd the wires. The chamber is filled with a gas mixture ot 90% argon and
10% of molecular gas such as COz or CHy

B = - -

When a high energy charged subatomic particle passes through the detector it collides
anc ionizes the gas molecules (mainly argon atoms) along its path in the chamber
producing a certain number of electron-positive ion pairs, This ionization is called the
primary ionizatioa. In the process of creating one electron-ion pair, the high energy particle
loses about 30 ¢V from its kinetic energy. The primary electrons thus created move towards
the anode wires and the positive ions to cathode plate due to the electric field present inside
the chamber, When these prirmary electrons move closer to anode wires, the strong electric
field that exists around the wire will accelerate them increasing their kinetic energies. Such
energetic electrons, while moving towards the anode wires will collide with argon atoms
producing more electron-ion pairs close to the wire. This process, called secondary
jonization. is repeated many times producing a large number of electron-ion pairs. This will
continue until all the electrons are collected by the anode wires, Figure (&) shows how a
single primary electron will give rise to a large number of’ secondary electron-ion pairs
through secondary ionization. This number is 10° in pure argon and its value can be about
10° in & mixture of argon and CO,. The enode wires will finally collect all the electrons in
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a very short lime leaving a could of positive fons arcund the wire, which slowly migrates
towards the cathodes,

Electrons collected by anode wires can be observed as a current pulse which can later
be converted to a voltage pulse. The pulse amplitude produced by MWPC is a measure of
the energy loss by the particle during its passage through the detector. In addition the
amplilude of the pulse depends on the detector properties such as the gas used. Voltage
applied to anode wires, the gap between cathode plates, wire spacing anc! wire diameter.

(i)  Give two ureas in which MWPC finds applications.

(ii)  Which region of the detector has the highest electric field?

(1) How docs a primary electron acquire energy to produce a secondary electron positive
ion pair?

(iv) If the sccondary ionization takes place according to the diagram given in figure (b)
how many electron-atom collisions are necessary for one primary electron to produce
4 secondary electrons (including the primary electron)?

(v} Where in the detector are the majority of positive ions being prodused?

(vi) Give two reesons as to why positive ion cloud takes a longer time to migrate (o the
cathode.

(vii) Give three properties of the detector that determine the amplitude of the pulse.
{viii) Use Guuss theorem to find an expression lor the electric field intensity £ at a distance

r (r> a) from the axis of a long straight wire of radius '@’ cacrying charge per unit
length 2.,

(ix) What would happen to the amplitude of the pulse if the radius of the anode wires is
reduced? (Give reasons for your answer)

(x) The figure (¢) shows a section of an MWPC with two anode A =
wires. Copy this diagram on to your answer sheet and draw the
pattern of electric field lines inside this section.

. . figure (c)
(xi) If & high energy charged particle entering the detector with a kinetic energy of

100 KeV passes through the detector creating 100 primary electron-ion pairs.

calculate the energy of the particle when it leaves the detector.
02 Al -4 . Parclls! plates
12) Letters, numbers, imuges cte, printed by Ink. droplet gun i
certain computer printers consist of a large vesss C3mun

=am-

number of very small circular dots just

| —1
‘ Electron gun ~—--—Lm-- \\
toucksng one another, The number of such \® :

: : ! Gutter
dots per unit length is normally used to e < 4 T s

express the guality of the printers, Figura (1)

Paper
A simplilied diagram of & system. which illustrales only the relevant parts of the ink

delivering process of such a printer, is given in figure (1). Use the dimensions shown in

figure (1) in unswering the questions, whenever necessary. :

As shown in ligure (1), the ink droplet gun sends a stream of nzutral spherical ink!

droplets towards the paper on which the printing is to be done, and the appropriaté

movements of the system will gibe rise to printing. In order to print ‘etters, HUM
Physics Essuy 10 Question Book 3
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images on the paper, only some of these droplets must be allowed to hit the paper and the
rest of the dropiets must be prevented from reaching the paper.

This is done by charging only those droplets, that must be prevented from hitting the
paper. using an electron gun and deflecting them into a gutter by means of an electric
field produced oy a pair of parallel plates.

4) ©) Assume that each spherical droplet emitted from the ink droplets. gun has a
diameter D and each droplet produces a circular dot whose diameter is 25% larger
than D when it strikes the paper Find the value D must have for the printer to be
able to print 200 dots per cm. .

i) Ink droplet gun shoots droplets horizontally towards the paper with a velocity of
20 ms'. Caleulate the vertical displacement of a ncutral droplet due to gravity
when it hits the paper. which is placed vertically 4 gun away from the ink droplet
gun. Shown that this deflection is much smaller than the diameter of a dot printed
on the paper. e— -1

b) Each droplet, which has to be deflected into the gutter is ; e,

1
T 0
Ll
i

given a charge of -1.5x107'°C by allowing a very narrow i !Electran
beam of clectrons from the electron gun to strike the _‘D .o beam

droplets, under suitable conditions. A potential difference of

50V is applied betweer the parallel plates.

i) [{ the d-oplets move across the electron beam as shown in Figure (2)
figure (2) find the time required for a droplet to pass the
electron beam. '

i} Assuring that all electrons, which strike the droplet are uniformly distributed over
the surtace of the droplet, calculate the electric current due to the emitted electrons
from the electron gun during the charging process.

¢) i) Find the electric field intensity between parallel places. -
ii) What miust be the direction of the electric field? Parsllel plates
d) The mass of z charged dropiet is given as = 58 |

4.0 x 10" kg Find the angle © that the “=—

gutter must make with the hosizontal -

direction so that the charged droplets travel R e i

straight into the gutter as shown in figure

(3) .(Neglect the effect of gravity)

Figure (3)

20]2 A/L-8

[

13)Two metal plates A and B kept paiallel to encl*: Ozher in a
vacuum are connected to @ voltage souice as si"fown! in figure (1).
A molecular icn of mass m and charge +q starting from rest from
the plae. A uccelerates mwarcls:. the metal plate B under the
influence of the voltage V maintained between the plates.

o3

a) i) Write down an expression for the Kinetic energy
i i . o
gained by the ion when B reaches the plate B, Figure (1) =
i) Derive an expression for the velocity (v) required by the ion when it reaches the

p]ul‘.(‘ B. . ,
. Physies Essay a Question Book 3
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do is the distance between the plates derive: an expression for the time (;) take
o .

iii) If . 2 &
by the molecular ion to reach the plate B. ’ i st
d m e d"'": : : B
b) Suppose Lhe melal plate B is now l'eph'ELL R ]:ia:.d free |

with a metal wire mesh so that the lons ;' region
moving through the region AB could enter A -
a ficld free region and move mwnrd.s an ion . Figuregg)
detector 1) placed at a distance S from the |+ v l

~ wire mesh B as shown in figure (2) —| L
Consider two molecular ions | and 2 of mass m and charge +q l{:‘*‘-—-

- suddenly being formed at time t = 0 at distances d; and dz from the g 0

wire mesh B as shown in figure (2). If they start from rest and

~ move towards B under the electric field. [

i) Derive expression for times ( and {3 taken by the ions 1 and 2 to =
reach the mesh B and indicate which ion reaches the mesh first.

Figurz (3)

ii} Derive expression for velocities v; und vz of fons | and 2 when they reach the
mesh B. Indicate which ion has the higher velocity when they reach B,

iii) Derive an expression in terms of t, &2, v, and v, for the suirable

value for the

distance § at which the detector. D has to be placed so that it detects both ions |

and 2 in the same time as shown in figure (3)

2015 A/L-8

14) 4} A long thin conducting straight cylindrical wire A of a radius hes a charge per unit

fength +4.  Practically this can be done by connecting the wire

potential with respect to ground,

(i) Wherz does the given charge of the wire physically resicle?

(ii) Considering an appropriate Gaussian surfiace aroun
magnitude of the Intensity of

——

axis of the wire is given by E= 5

e,

space,

(iii) Draw a cross - section of' the wire. and dra

(iv) It a=10pumand )= BIx10YC i
intensity of the electric field on the surfa
Fm™, and 7 as 3,) )

0.2 -{?.4 06 0.8 .10 .

RS O T TN

+ SN AT T
. 2md 1 Xy E
o T B

' ; ght close 1o 4
the cquipotentinl surfaces are planay

axis of the wire is also |

and Normal
0
1ormal o the e

to a positive

‘ound the wirz, show that the
the electric field E at distance r (2 a) from the

¥ where g is the permittivity of free

W the equipotential lines around it.
» calculate the magn tude of the .
ce of the wire, (Take gyto be 9x 107"

region of g uniform elestric field in which
plane of the papej. ™

LI | . | i T & )
d. e. and ' shown in figure represen bine of the paper. The dashed lines 2. b ©

the ¢
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rOSS —sections of the ubove mention

—T]
Question Book J

CamScanner



equipotentia

surluces as seen on the plane of the paper. These dashed lines
represent  the

equipotential lincs corresponding to the electric field. and the

respective voltages (in kv) of these equipotential lines are also shown in the figure.
Distance between any two equipotential lines in 2 mm.

In this ar-angement the wire A is connected
the ground, and can be congidered as an anode.

1} Copy the anode and the cquipotential lines to the answer script and draw the

ecictree field lines from the positions marked with dots on the equipotentials
line e up 10 the anode wire A,

2) Caleulate the intensity of the e

to a positive potential with respect to

lectric field Eo between two equipotential lines.

b) Part of un arrangement used for the cetection of high energy particles and photons is

similar to the one described in part (a) (v) above. Suppose that such an arrangement

with an anode A having a charger per unit length +A = 8.1 x 10 Cm™ is housed in a

chamber filled with an inert gas (Argen) at atmospheric pressure,

Consider a situation in which a photen enters the chamber and collides with an argon

ateri al X creating a photoelectron and an argon ion. Such and electron called a

priraary eleciron. The energy needed to creat ene such electron ion pair in argon gas

is30eV. (1eV = 16 x 107" ), charge of an electron ¢ = 1.6 x 10" C) .

i) Write doewn an expression for the magnitude of the initial acceleration of the
primary photoelectron due to the electric field mentioned in (a)(v)(1) above in
terms of m, e and Eq where m and e are the mass and charge of an electron
respectivzly.

i) Explain, why the clectron moves towards anode A with a drift velocity vq without
accelerating continuously. :

iii) Suppose that the primary electron which started from rest is moving aleng the
electric field mentioned in (a){(v)(l) above. If the average disiance moved by the
primary clectron between iwo suceessive collisions with argon atoms is 0.5 pm,
calculate the increase in kinetic energy of the primary electron between two
collisions in eV due to the electric field between two collisions, and show that the
primary electron having this energy is unable to remove another electron upon
colliding with another argon atom. (Consider that the energy required for an
¢electron to remove an electron from an argon atom is 30 eV)

iv) Wihen this primary electron is close to the anode it experiences a high electric field
given by the expression stated in (a)(ii) above. Under this condition, the primary
electron gains sufficient energy between collisions 1o ereate electron jon pairs and
the sucm;dary electrons produced in this manner in turn creat more electron ion
pairs before getting coilected at the anade. Total number of secondary electrons
producec by a single primary electron in this manner is called the amplification
factor for the gas. Ability to collect charges by the anode wire indicates that is has
the property of capacitance, a small voltage is generated across this capacitor. _

If' the cetector capacitance is 5 pF and the voltage generated across this capacitor
due to secondary electrons produced by the primary electrons is 0.96 mV find
the churge collected by the anocdle,

v) Hence lind the amplification factor for the gas.
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2019 A/L-8

in wire of very small length Al Show thay the

15) {u) i} A current / flows through a Ui pendiCUlil?' distance d away from

: i er
magnetic Mux density AB at a point with 2 p

this wire, is given by and?

oil of radius R with N
in an expression for the
2oil.

ii) A current / flows through a flat circular ¢
number of turns as shown in figure l.l ). Obta sentre of the
mugnitude of the magnetic fMux density B al the centr '

ii1) Twao such coils are placed coaxially with a scparation R as shown in
figure 2¢a). The current / fows through both cmls-ln the same :
direction, Figure 2(b) shows the vertical cross section of the coils
through the common axis.

Figure (1)

(o] 8
@

===

Y%

Figure 2{a) Figure 2(b)
Copy the figure 2(b) onto the answer seript and draw the magrietic field tnes to ‘
illustrate the magnetic field due to both coils.

(b) The apparatus shown in figure (3) can be used to determine the charge to mass ratio

m

‘ e

€ ; z
(——] of an electron. The vacuum tube has a filament cathode C, electrodes A, and

Az und a vertical tluorescent screen S with grid lines. The path of the electron bsam
can be seen on the fluorescent screen.

Vacuum lube e

Fluorescent scrur.n 37
63\"‘" i - . wsasl ol
= A, ,

A dLAL] = .
500V =450V Figure (3)

—_—
—

(i) The function of the electrode A, is 1o control
What is the function of the electrode A,?

~ i I ——""‘T:,ﬂ
1 Physics Lssay ' 14 Gucstion B0

the intensity of the electron beam

r
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(ii) 11" 0 nepative voltage (-V) 1s applied Lo clectrode Ay, obtain an expression for the
specd of an electron travelling through the electrode A;. (Charge of an electron is
~ ¢ and mass of an electron is ) '

(i) The spherical part ol the tube is placed between two flat circular coils carrying
the same current as shown in figure (4). Thereby a uniform magnetic field B is
applied perpendicularly to the sureen S, This makes the electrons move in a
circular path. :

If the radivs of the path of the electron beam is r, obtain an expression for the ratio

b
¢
[-w of the electron, .
m

[

(c) A dec voltage can be applied between two parallel metal plates P and Q as shown in
figure (31 The plates P and Q are separated by a distance d as shown in figure (4).
While the magnetic field B is epplied. the potential difference between the plates Veg
can be adjus.ed until there is no deflection of the electron beam. This process can be
utilized as ar utilized as an alternative way to determine the speed of the electrons.

{i) Draw the electric and magnetic forces acting on an electron within the plates P
and Q. efter the above adjustment is done.

(i) Obtain an expression for the speed of the electrons in terms of d, B and Vpq.

(iii) When E = 1 mT and Vpq = 0. the radius of the path of the electrons is 6 cm.
When Vpe= 840 V. there is no deflection of the electron beam. The separation
betweer the plates P and Q is 8 cm,

Calculate

(1) the speed of an electron, and

C
—

(2) the chargz to mass ratio [m } of an electron.

c

2020 A/1L-8
16)A defibrillator ‘s a medical instrument that is used to
restore the rhythmic pattern of heart aller a cardiac arrest
of a patient, 1t gives a high energy clectrie shock in a short
burst 10 the heart through a set ol electrodes ucross the
patient’s chest by discharging charge stored in u capacitor,
a) A defibrillator delivers 48) of energy to a heart patient by dischurging a capucitor
initially charged to a potential difference o 400 V,
i) Derive an expression for the energy stored W in a capacitor in terms of
capacitance C and the potential difference V across the capacitor.
i) What is the capacitance of the capacitor in the device?
i) Caleulate the amount of charge stored in the capacitor,
iv)  Assuming that the total charge caleulated in part (ili) was stultiest to pass a
constart carrent through the bocy with 12 ms time period. calculate this constant

current.

v)  What is the effective resistance of the path of the current calculated in (a) (iv)
above?

Physics Essay : IS Question Book 3
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b) i)

ii)

iii)

g

d) i)
i)

g
g

g

T RV L

€) Suppose the capacitor in (b) above is
difference of VO, If the charge
are equal 10 0.37Q, and 3.37V

capacitor has been released to the patient during this period, [Take

A parallel plate capacitor is filled with a medium of dieiectric constany k,
Derive an expression for electric field intensity [ in the medium in termg of
charge stored in the capucitor Q, plale area A, permittivity of free spuce ¢ and
k. by using Gauss's law,

I the charged capacitor mentioned in (a) above is a para’lel plate capacitor wi,
plate area of 80 cm” filled with a medium of dielectric constent k = 5000, what i
the value of the electric field intensity in the medium. Eg=9.0x 10" Fm™".
Determine the separation d between the plates of this capacitor.

In order to apply an electric shock with the appropriate energy based on the
patient. Five capacitors of equal capacitance mentioned in {a) above and equal
potential difTerence 400 V across cach capacitor have been connected in series
instead of one capacitor. Calculate maximum energy that can be supplied 10 3
patient after connecting five capacitors in series?

What would be the maximum enzrgy that can be supplicd to patient if five
capacitors of equal capacitance mentioned in above part (a) are connected in
pearallel with a potential difference o1 400 V?

Out if series and parallel connections of capacitors mentiored in (c) (i) and (c)

(i) above the series connection is recommended for the defibrillator, Giving
reasons briefly explain this.

What factors determine the process of point or corona discharge?
If the breakdown electric field intensity of the medium mentionzd in (b) (ii)
ebove is 8.0 x 108 V m™', will this capacitor get damaged? Give reasons.

initially charged to Q) using a potential
and the potential difference of the capacitor after 12 ms
o respectively, what percentage of energy stored in the

(0.37)*=0.14]
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