GIRLS' HIGH SCHOOL AND COLLEGE
2020 - 2021
CLASS -12 A&B
PHYSICS
WORKSHEET- 04
Chapter- ELECTRIC POTENTIAL
Topic — ELECTRIC POTENTIAL

INSTRUCTIONS: Parents kindly instruct your ward to visit
the websites https://www.physicsclassroom.com

https://www.scoreacademy.in
https://www.wikipedia.org
or any other relevant site

or refer Nootan ISC 12 Physics-12 by Kumar & Mittal (Nageen
Prakashan) or Physics -12 by DK Tyagi( Balaji Publications) to
answer the following questions on the given topic.

NOTE: Electric Potential is an important topic from the point
of view of the ISC Examinations. So kindly go through this
topic given below carefully.
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Electric Potential

§yiiabus

Electic potennal, potentiol difference, electric potential due to o poiml chorge, o dipele end system aof chorges;

equipptentiol surfoces, electricol potentiol energy of @ system of fwa poind charges ond of efecte dipafe in an
plértrostarie feld.

IIHTI’ICII] UCTION

Mong with elediric Geld intensity, ebeceric potential is the parameser vsed 1o map the effect of sbectrc
charges. In fact, being scalar, it is more simple and easily expressible and assessible parameter. In this
chapter, the concept of porential and relaved wopics have been discugsed.

1 Electric Potential

The l.'lu::ri: field produced by a charge can be represented in two ways o (i) by the'd of electric
field Eat a point in the field and (fi) by the electric potential V. The electric field intensity E at a polns
in the electric field refers o force acting on a unit charge when placed at that poineand 5 & vecoor
guantity. Om the gther hand, the clectric potential ar a paint is a scalar quantity and refers to the wark
ione in carrying o unit charge from a reference point 1o that peint. In defining the porential ax a point

in the electric field, the reference point i taken outside the feld (nfinity for this definition) where the
poreatial is taken zero,

The work done by an external agent in carrying a unit positive rest charge from infinity to o point
in the electric field is called the electric potential at that poind

Thass, if W' be the waork done in carrying the test charge + gp from imfinkty 1o point P in the electric fisld,
then patentiol ar P iz given by

3

Ty
# Unit of Potential : The unit of work W is joule’ (1) and the unit of charge g, i ‘coubomb’ (). Hence,
accoading to Eq. (i), the S1 unit of poteritia] will be ‘joule/coulomty’. This is c:alﬂed ol (V). Thus,

1 volt =1 joule /coulomb

ar 1V =1Jc
Thus, § 1 joule of wark is done in carrying a test charge of 1 coulomb from infinify te a point in an
electric field, then the potential at that peint will be 1 volt.

W .0

: -k
Dimiensiois of electric potential - Jimensions of wark ML T _ i r2a

dimensions of charge [AT]

Physical Interpretation of Electric Potential : We know that a liquid abvays flows from o higher level
1; A lower lavel. Heat aleo flows from 3 body at a higher temperature toa bady ar a lower temperature,
imilarly; prsitive charge always flows from higher potential to lower potential. Just as feow of liepuad

)
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does not depend upon the quaniiny of |1|_||.|1:|_I bt chepicincks only Wi el dewed i Bggusd; s Mo " h‘
also does not depend upon the amouni of lear; i similar way the llow ul positive charge sy oy
depend upon the guanuiny of charge,

Thus, the electric potential of 2 condurtor i is clectre state which detenmines the direction of fioy, o
charge when the given conductar is conmectied o an-rrl.h::t conductor. Positive charge always flow,

a higher potential fo o lower potential, while negative charge always flows from a lower o a higp,,
porenticl until the patentiols berome equal.

—
[ Electre potental b the Rew ol chargs is snakigous o Jguid level for the ns of liguid or e Semgerature Br thy ey
ot ngal Just as liquid o from higher fevel o lower bevel o hegl llows lrom Body at highes [Emperiune 1 fat 5
igwer temparalure, charge Hows from body at higher poterdial 1o 1he body al Jawer potestial
(I} Fer e pobandial macth is considesed a5 the relerence Dody 1) mzans (he secinic palental of gank (s 2660 2en and §
5 ol afested no mattes whatever large chasge i given b0 1 or fakan drom il
{if  A33 points whare gfectne hald does nod enst, ekectng polerdial is faken feba

2. Polential Difterence

In definition of patential; the reference poind of zero
potential) & wken at infinity {owtside the feld). IF we "; A A R
take oo poinds A and B in the electne Feld (Fig 1) ) A E

then potentials ar A and 8 wall be defined a5 ahove. The
difference in these powentials s wermed s potential P-4
difference” between the points A and 8. independently, it is delined as follows :

“The work done by an external agent in carnying o unit positive test charyge from one poing o the
other point in an electric field is called the potenrial difference between those paints.”

Thus, if W be the work done i carrying the est charge g from B (o A, then the porenitial difference
berween A and 8 is given by

i W
Vi=Vu= a L

Like potential, 51 unin of pucendlal difference is volt ard it & a scalar quantiny. If. in taking a positive test
ﬂ“ﬂﬁ'ﬁm the poind [ 1o the P':Jil'll A, waork is done l]]l' an exiemal agent against the E]efu—jtpfnsml e
the potential of A is said to be higher than the potential of 8. {In Fig. 1. the potential of polni A is highe
&;:gfur::ﬁ:l of point £.] This alsa means that in an elecrric feld a free positive charge moves from
8 potential to a region of lawer potential, Conversel freg :

ermﬁqt i higher pocential. " B i chocinie)

A - 1, the charge producing the electric field were g, then in taki the posit charge

from B 1o A, work would have been done by the elactric farce it I T e .
A would have been lower than the potential of the point ITH R AN o g

(0 " a charge (say gg) is takan from indtial poinl A (potentil Vab 1o the paint & (petentia l",g].'l'ha-mrhmrrlh_;

exipmnal apend is
We g | - z !
in i g = taken wilh proper $ign (+ or -) % [Vimai - Vasai) = 5 (Vg - V).
(6} M initial ot 15 outside the siectnc finld, then
Wi = 0.
(L] umw“umum.mmumhrmmm.mumuymm%-
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1 Eieciron-Yolt or eV
Flectiniall 52 vy il e of work (or crerEeh. which s used o atemic physics, | elecironveh is
i ol e 1 LT o ChACTEnn frpam ane |:II.'IFII| L the other. 'I‘:I'hl:'ﬂ' the FIDT('I'I“Bé di“rm }*l\'ﬂ"fﬂ
hpse psnzs @ 1 vol, In ather words, | elecron-volt &othe [Kinetich enengy whath an ebecion aoquires
s acelerased throagh & potential dillesence of 1 vok,
spcarding 16 the delinition of potential difference; if the Im-_:ent'ml difference Berween hwo poinis A and
Ris ¥y - Vo then e wirk dote in taking 1 vest-charge gy from the paint B 1o the poin Ais

W = i 1%y - Vgl

ffgp=e= LB 10717 contamb, ¥y - Vg =1 voli.then W= 1 elecrron-wedt, Thus,

1 eledron-valt = 106 = 1 " coulomb « 1 ol

1 electron-velt - 1.6 <10 1% joule,
113

4 Electric Polential due io a Point-Charge

sypposea poing charge of - i coubpmb s shpaed =9 ",

ata poirn € in a medium of dielectrie corstant el - A i —

E. Let P he a paint, distant r from O at which the B G I e %
deceric patential is to be derermined. For this, | = — =

we st calculare the work done in bringing a {Fig 21

pest charge from infiniry o P Suppose, a4 tes
chilige + i 1% plll:'lsd at peint A, distant x from @, and away from P. By Coulomb’s [anw, the magnitude of
the ebecric force Facting on g is glven by

. 1 a9
P o e 2 3 :
Ameu K x2 s =t
The direction of F is away from 0. 1 the tesit charge + gy is displaced by di 1o the point &, the work done
dW = F o (-udx)

Megative sign is due to the reason that displacement dx s opposite to the direction of farce, Hence work
done in bringing + gy from infininy {x = o] to the point F (x = 1) i

w=_J’F.:Lr=_..‘EL.I'L¢; [using (i}l
b 4 n oK '-'_.:-:':
ﬂ_[‘]' --tm (1. 1)
4zegll xls dacgkl r =
! A%
4z F
This, the potential at P
L .
g dmighr s "
The figure (3) shows Mrnnheeh:m:pulmth]'t"[i ]—'J and the electric
F
=
-I. gl
fieid £ 'Ill"ririuwihr & BTy
\ .rI,I ; w
VRt or air ) K = ]
P'4: g .
- I e
wiTe, 144 % ¢ -« 9.0 = 107 newson-merre?/coulomb? (Nm” ) - = -
i
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simnlarly, thas pertential a1 1 die s o charge o 5
i ik i vialy
q M by !

(1) I 1hae dhowe toemuta the vaun of Sourcs charge g putsihosagn This, petemial toe to thftmum
W g 1 A Dealve Suuroe Cldige 6 N0gdmEe |

i Passtive vabor ol pibenlil ol a goiel i e efectia el means, wark will kiye o Be done By exlesal agen) " Brrgy |
umt posive charge liom iy to thal poml, e case of negatrde podential the alave wirk o done by e lakd g |

iy The polestal of an elecire lield is s scalar fthe energy) SRaraciernsiic, wheress mlenzily & 05 g |ﬁ]||;,|||
chasacsenshic Moeeowin prfental 15 a praperty ol & poml 9 the glecing hofd fherefore. i may be eeaieg 3y
MICTOECOpsC Gianlily

iwh Pofental at & pant s an electnc heid b= abirary. depends o the choce of sern of relerence |1 s ihe potasg
isflereaci- ol Ween army lwo pomis has maliers and ned e absolse potesdial

Polential due to a Group of Point Charges
Praeniial & a scakar quantine Therefore, the pateniial at any point due toa group of poant-£hargss ;
found by cabeulsing the potential due 1o each charge (as if the other charges were nol pretent), and
then adding algebraically 1l quantities so ohained,
Thass, if a1 point is at distanees oy, vy, ey and g metre from the puint charges + g,. 4 g, - g, and -4,
coulomb respeetively, then the resultan potenriad af (s poine will be

I
= ; ﬂ i ﬁ q:l‘ - E mlr
0Ly | LS R

IF there are n point chirges, the potential due o them an s paint P owill be

where r, is the distance of the point # from the charge q, .
IT the eharge distribulion be continuous, then the summation in the ahave C ilf placed
by integration, that is, i
_ 1
Vs dmep I r

where dy is a diff ; i its di
i mE ﬂ;ﬂa::mm element of the charge distribution and r is its distance from che poini ar which

I the charge is spread cominuous
o yover an area A, thendg = o dA, where o i surface densiry of charge:

1 mld

| Ll !
ey 44 g

where L, i% a surface integral.
simidlarly, if the charpe is distributod continuously within a valume v then
1 pdl
e *!":ﬂ' I"' T
where r is volume density of charge and I,r 15 8 volume integral.

Page| 6



87 N

Eipctric Pobentiad

fi Polential Gradienl
wie have seen than in an electoe Gichd, the vatue of poteital charges Drom pint b PR IIII--[".II."-II::IM DI:II“F
the dlistamce al thie paing (e the sooree dharge or the yaieom of spuroe ;'h!_rgl'.?:- The rate ol change o
potential with distance in the electric field is called the ‘potential gradicat . by
et di §5 1hhe chiange in potential with change i distance dr, then posential il e

wradiens ¥

§ T I e
The uinh of parential geadiem sl per metee fm Ty 11 is & vecior gquandity whiese direction 1+ oppos

o the direction of elecine imeisin.

e 4

{«] Pemembet that the giadent ol 3 sealn field |polenbal bes parature, ele.) k4 vy 3 WL
(bl Whanever a parametier changes sath destance, then the fade ol change is called gradien]
{iK] When V= (L 2 e posential waies soeg aline three e ihen

gradinl ¥ - {5 L A
PX o of

where o repepsents partial dersaing and Jr B k are wnli veclors aboag vy aed raEEs

7 Electric Field as Gradient of Electric Poiential : Relation between Eand ¥
Lot us consider the sbectric field Foakng the X-axis doe o ( !_;2' 5 9, F".

B poind charge «q at a poinl ©F {Fig. 4). Suppose A and 5
# ore vwio poines distamt roand e ode froi O, whers o is [¥3 ¥ e
vanishingly small. Let V and V = W be electric pocentialsat T
Aand B respectively, o A
Suppose a small positive test charge (g is moved in the
electric fald from point B o poii A, A force F ecis on gy inthe divection of the fickd, where

F=qqE e i)
Therelore, in moving g, Mom 8 wA, an external agent will have to work against the force F. 1 this work
be W, then

W ='F [=dr},
where (- dr) is tha |w|rud: il e displace men: [roon B oA, Sohsti uling ther value af F Iram F.ll. i,
e b
dW = - gy Edr
frit
—_— Edru ad
ar W e AI)
Bt by the definitson of porential difference,
i
we have ‘q—n‘ = Wa {IF= d¥] = dW. . il
Comparing Eqs. () and (jiil, we get < Edr = dV
dV
o R i e
dr

The quanticy SV/dr s the rate of change of potential with digance and (s known as ‘potentil gracient’
Thus, the electric field intensity at a point in an electric field in o given direction is cqual o the
negative potential gradient in that direction. The regative sign signifies that the potential decreases
ifn the direction of electrc feld.
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T i entemt Fron ghue above rebodion thag the elect e faedel E corabio be expressed n ol mecne 1y
Chus, :
| ’g ! = 1

In Fig, 5 are shown two metallic plares lioving -posilive and negative charges; T I.|'|!‘ ST
plates are kong and the disinnee berween ther i smull, then the ebectric feeld F_h"‘ﬂ'-"- td |
berwaan therm will be uniform and directed from the pasiteve plate 1o the negative plate.
tf the potentials of the plares be ¥y and Vj vodt and. the distnnes befwesn them be d
medre, then the electric feld £ between the plates will be given by

£ b f!i il L Tt
4
Importance of the Relation between Electric Field and Electric Patentlal : This mh_m i
ermables us o caleulate the electric Geld intensity {a vector) ot a point iF pt!:unmh El
scalar) at that point & known, For example, the efectric porential due 102 point charge
g-ar 8 ds3ance v s

rl—
v I g A

Amiy T e 4

By svmmesry: the elecng field Em:mr b dlirectesd radially outwards from a (positive) charge. s mageig,
equais the negatve potencial gradicnt in the radial directin: Ths;
il i) I g

dr dr | g

| | e
r 4y ot

Potenlfal decrazsac in ihe dirsction of elecine inbensay
Far ife lield shown

l"ﬂ -!I"E- = I"I|'r

8 Electric Polential Energy of a System of Charges

T Lor more] electric charges arract or repel each orher. Hence work 15 done in raking the chasge
away from each ather, or in bringing near each other. This work is stored in the form of potential epers
in the system of those charges, This is called ‘electric potential energy’ of the syitem, 11 can be detis
in the following way )

The electric potential energy of a system of charges is the work that has been done in bringing thiof
charges from infinity to near sach other to form the system. '

Suppase, a system A8 is formed by two charges of 4 g and (%Y ~
*+ g coulomb, placed in vacuum (or air) ata distance of r merre from i E
each other {Fig. 6).  E— L —
To determine the electric potential ensrgy of this system, suppose that 1Fig. &)
the charge + gy 1= initially at infinicy. Mow, the elecirc potential at B due
o the charge + g, is
1
Wi T o
dmag

According o the definition of electre petential, the work done (= charge « porenrial) in brnging e
charge g from infinicy to the point 8 s

UL e

W = V=
12 -1r|::|:|} r

Hoanred wilh CambSeannes
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|
| m.rcrC PoLENEa =
et
| s waork g the eliciric Pumeiaial cnergy 2ol ilesasteom gy o if 1 B hieae,
U i iy 2 _|!:|'Ill"l' T
L e
(1 I e above torivuk valies of chiges g, A g, 38 putwill gy —————————
Thus, bolh Bhe charges “polential energy is posilive while i (1
Ureke charges preental ene gy 15 nogabn &
i -Posdne wakee of potantial enegy indicated nel repulson while I
negative walug indicates nel avachon ,,IJ
o] Vanatzon of Fwilh dislance 1 hietarenn the changes 15 Shdeen the | 1 | i
ligiate tod tioth gy~ O and gy - 0 W PR
i) Ml @G ai 0v Tor repatiion {orce Dt (e Clial ges o hie ¥ 1 e 0
abitaned fiom palertial anaigy lineton iy 10 refalicn LR
a = B

F o S

il
v

il ,.-"_1,’—_“\
& H
: '?E!TE. W\ Deteiming the potsniaf anergy of wn g wsing formula () and then 43,
i [}
ard hem aigebraically. For example, i three chaeges gy, o 300 o e placed 3 1he Hiee % i 5,
oamers od A tangle (Nured, then the elecanc polential nary of (ke syshem will be gian 1 s 23
h'l' IJJ II1
e g, Calgl ; SRR,
k Angg | M2 fy s | L4, L
et i %8 Gl
dxen| hHr o Y2

For a svetem polenbial energy is mieimuim it e candon ol skl equilbrium of (e sysem (Eeery aysem
univeise has iha lndemcy 1o Aquire immmnmn palanbabenargy so Bl i may ablan stable cgiilibrum)
When the systern has mare han twe chaeges 5y 0 21 ther form the pais {rember of

in [he

m Equipotential Surface

Any surface over which the electric potential is some everywherd is colled on equipotentiol surfoce,
An equipotential surface may be the surface of achivrged body or simply a surface in space. Far example,
ihe surface of a conduector is an equipotential surface. Equipotential surfaces ean be dexwn throogh o
space In which there i5 an elecric field. As an example, et us consider the elecrric Tield of an isolated
podnt charge +qg. The potential ar a distance ¢ from the charge i

Y O
g

A sphere of redius r with ceptre nt -+ g
is, therefore, an equipotential surface of

Egin

xd

Y
§

POTEWTIALY,

SIRNACES

LANE 5

;ﬂﬂtl

potential g/4zig v In fact, all spheres
centered on 4+ are  eguipotential

AR -I-' Food
Lot o
surfares, whose potentials are inverscly /:__L o
' proqporions 1o s (Fig: Ta) . For a®uniform’
| electric field, equipotential surfaces ire :
,. a family of planes perpendicular to the Lo ;
lines of foroe (Fig, 7hi. JE—

ri:anned with CamScannar
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B a0
ekl 1 kAl LR
(i) Mo wisrk s dine i movieg a churge betwesn any v
¥ r N
ix 40, bevaise 1he porenied diflerence between iy (0 paails o
The electric field. and henoe lines of force, are everywher: right angles "E the equipoteaty |
s fesa, Beciise there i mo potential gradient along any direcrion parallel 10 the surface 4 ]
|

LY L\‘E1_'|Jr|_-|_|lz-_'llll.l.| Lt s B t I
|H|i|“!,i Al i ejErEpEeeT kil suriaee, Thi

tlie surlace i M,

(i}
surface. Tl ;
' . ; . ok PRI [y (s [ J
i 1w eleceric field parallel 1o the surface (E dVide = 00, This means that the eheetric feld B | gy |
b the tines of Toree ure always atright anghes o the squipsential surface fonly then tee eomponey

ol E PHT"'”"'I po-thie surbeee wonld be zara) :

In Fig. 7 the lines of force are radial and heree perpendicular to the equipotemial surfaces.

(iii] In-a family of equipotential surfaces. the surfaces are closer together where the eleciric fisg
is stronger and farther apart where the field is weaker. This follows from the relation £ =—dV /i |
For the same potentiad charmge @V, wie hivee

I
dr

thias #, the spacing between the cquipatentiod surfibess will be loss where Eis strong and wice-versa. Ths,
pquipotential surfaces can ho wsed moogive i geperi] description of ebectric feld (0 0 certain region o
apace,

(v} No two equipotential surfaces can intersect each othen. An cquipotential surface i normal to the
electric field, If two equipotential surfaces mrerseet cach other, then a1 the point of intersection ther
will be two directions of eleciric ficld, which is impossibie

Boah, the bines of foree and the eqpripatentinl serfuces can de ased 16 depict sfectric field in EpECe: The
a-:jl.-q-nr:lgt' ol using |_~q1|.i'|u:-ﬂ-:r|1ihl surlaves gver e dinesod foroe 15 thal they give a visuml plcture oif by,
the magnimde and the dirsction-of e cleceric ficld,

M) Potential due to an Eleclric Dipale
As we have read, anoelecirie dipole is o pair ol equal Gnd oppesive point charges, placed ar a small
distanoe. lis mament, knosval as clertri l!lir.":llll' MmN, i9 o Vector P I:IB.'-'IHH a I'I1-'Ig|'|l|1.'||_1c |-:|:||r;|] o £l

product of a charge and the distanee bevween the charges, and & -direction podinting from the neg Ak o
the positive charge. Let ws determine elecirie porential due 1o i dipale a1 2 point on irs:axia) line,

equatorial Lne and also ot any polnt

Now answer the following questions: -
Q1 Define Electric potential difference. Give its mathematical expression.

Q2) Using the expression for potential difference define and obtain the
expression for potential at a point. Give its unit and dimensional formula.

Q3) 16 J of work has to be done against an existing electric field to take
charge of 0.02 C from A to B. How much is the potential difference
between B and A?

Q4) A charge of 8 uC is located at the origin. Calculate the work done in
taking a small charge of -2 x 10™"° C from a point P (0, 0, 3 cm) to a point
Q (0,4 cm, 0) via a point R (0, 6 cm, 9 cm).
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Q5) What is eV? How much work is 1eV?

Q6) An electron which may be regarded as a small body of mass 9 x 10°
31 kg carrying a negative charge o 1.6 x 10™'° C starts from a point of one
conductor and reaches a second conductor with a velocity of 10" ms ™.
Calculate the potential difference in volt.

Q7) Using the definition of electric potential obtain he mathematical
expression for Potential at a point due to a point charge.

Q8) What is the electric potential at the surface of platinum nucleus?
The radius of the nucleus is 6.6 x 10> m and atomic number is 78.

Q9) Compare electric potential and electric field.

Q10) Give expression for potential due to a group of point charges for
non-uniform and continuous distributions.

Q11) Two charges 5x 10° C and -3 x 10°® C are located 16 cm apart. At
what points on the line joining the two charges is the electric potential
zero?

Q12) Show that electric field at a point is also the negative potential
gradient at that point. What is the significance of the negative sign?

Q13) The electric field at a point due to a point charge is 30 NC" and the
electric potential at that point is 15 JC™. Calculate the distance of the
point from the charge and magnitude of the charge.

Q14) Two points A and B are 3 m apart. A point charge q = 2 x 10°Cis
placed at ‘O’ at a distance 1 m from the point B on the line joining the
two charges in between A and B. (i) Calculate potential difference
between A and B.

(ii) What will be the result if the positions of A and B
are interchanged?
(iii) What will be the result if the point B is located at

1T m distance from ‘O’ perpendicular to the line
joining OA?
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Q15) What is electric potential energy of a system of point charges?
Obtain an expression for potential energy for a system of three charges
scattered randomly in free space.

Q16) Three point charges -40 pC, 20 uC and 20 uC are placed at three
corners of an equilateral triangle of side 10 cm. Calculate the potential
energy of the system.

Q17) When is a surface called an equipotential surface? Give an example
of such a surface.

Q18) Give the properties of equipotential surfaces.
Q19) State why - (i) Electric field is everywhere perpendicular to an
equipotential surface,

(i) In a family of equipotential surfaces, two surfaces
are closer when field is stronger.

(iii) No two equipotential surfaces intersect.

Q20) A potential difference of 100 V is applied in between the two
parallel

plates. Calculate the speed of a proton released from plate B, just before
it hits plate A. Givenq=1.6x10" Cand m =1.62 x 10 kg.

v E N D***
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