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Electrical Cell — Electrochemical Cell

1793 AD - Luigi Galvani (Italian)
legs of a frog contract when
connected to two different metals

1800 AD — Alessandro Volta (ltalian)
voltaic pile, Zn-Cu electrical cell

History

1800 AD —William Nicholson and
Anthony Carlisle (English)
electrolysis, decompose water into
O2 and H2 gass
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Ref: http://libraries.mit.edu/collections/vail-collection/topics/electricity/the-voltaic-pile/



Relation between Charge, Potential Energy, Force, Electric Potential, and Electric Field

Potential energy and force:
dU:—ﬁ-dF,U:—fﬁ-dF

S S d " a .0
F=—VU=—-|l—+]—+k—|U(x,y,2)

ax ay aZ
E |ectric Electric potential and electric field:
Potential F=qEU=qV L,
de_E'dl—’V=—fE-dl
E=-Vvixy,2)
’ dV (x)
For the 1D case: V = _fde’E =

Units of electric potential: 1 Volt=1V =1 J/C

Units of electric field: 1 N/C=1 V/m
Units of electric potential energy: 1 eV =1.602X 10~

19J

Ref:



Potential Difference in a Uniform Electric Field

Assume V(x =0) =0

V(x) =— zd = —zx,x <L
Jo €0 €0
rL X
Uniform V== 5™ _fL hax
Electric Field V(x) = —gL,x >
0
AV = EyL = —
" dv
o
Vix) =——x->E=——= .
o dx &g — )
X ¥ X =
The electric potential is continuous.
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Electric Potential of Point Charges

The electric field of a point charge placed at the origin:

po Lt a.,_ 1 4,
 4mey T2 "= ey 13 " A
X
Potential of Vz—fff di  dr = #dr + 0rd0 + ¢r sin(0) d¢
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Calculate The Electric Field by Using The Electric Potential

The relation between the electric field and the electric potential:
dV = —E - d7’

For the one dimensional electric field and potential, the electric field 1s
calculated as

: dV (x
Derive The dV(x) = —ECG)dx = E(x) = = dgc :
= | ectric Fi el d For the two or three dimensional electric potential, the electric field is

calculated as
d7 = idx + jdy + kdz ~ E = E,i+E,j+E,k
dV(x,y,z) = —E - d? = —E,dx — E,dy — E,dz

We use the orthogonal coordinate thus the calculation in x is
independent of y and z variables.

aV 1% aV
dV =—-E,dx > E,=—— -E, =

= ——&E, = ——
Ref 0x Y dy 0z




Calculate Electric Field (Vector Function, Vector Field) from Electric Potential (Scalar Function)

The same relation between E (#) and V (7):

T
V(7) = —ﬁ EF#Nd?'  E = -7V(@®

To

With the Cartesian coordinate, we have d7 = dxi + dyj + dzk.

The Gradient E=E.R+E,5+E,z2
Operation dV = —F - dF = —Eydx — E,,dy — E,dz
- - Eoo W oo
The three variables are independent: E, = ax,Ey = ay’EZ P
B 6VA+6VA+6VA B A6+A6+A6 v
B ax ayy 9z )~ "\ M ox yay 9z
d




Calculate Electric Field (Vector Function, Vector Field) from Electric Potential (Scalar Function)

The Gradient

Operation

The same relation between E (#) and V (7):

r
V(7) = —ﬁ EF#Nd?'  E = -7V(@®

To
With the cylindrical coordinate, we have d7 = dr# + rd08 + dzk.
E=E#+Eg0+E,z
dV = —F - d7 = —E,dr — Egrd0 — E,dz

feldis B = Y po— YV g
The electric field 1s: E, = ar,Eg— rae’EZ_ P
B 6VA+6V§+6VA B A6+§ 0 +A6 v
B 6rr rdf GZZ B ’"ar rdf Zaz



Calculate Electric Field (Vector Function, Vector Field) from Electric Potential (Scalar Function)

The same relation between E (#) and V (7):
r

V(7) = —f E@Nd# E=-VV(@
7o

With the spherical coordinate, we have d7 = dr# + rd68 + r sin 6 do .

The Gradient E = E,# + Egf + Ey
Operation dV = —F - di* = —E,dr — Egrdf — E¢r sin 6 d¢b
The electric field 1s: E, = _Z_Z,EQ == E¢ = rsilneg—;.

B 6V+6V9+ 1 adV . 6+96+ 1 .0 "
B or ’ rdo rsinf do ¢ F or rdf rsinf P do
d 0 1 .0

T r69+rsin9¢6q§




The Application of Electric Fields

Thomson’s measurement of q/m for electrons

turn on magnetic field to determine v = E /B

The Ratio of turnoffmagnetlic ﬁe;? XXXXXXXXXXXXXXXX
VT =1 >T =— = — e e aa e
ChargEto v E 5 Sy BXXAXXXX XXX XXX XX
Mass of SzlﬁTz=£<B_l) _ 9B
2m 2 E 2E
Electron " "
q 2Es XXXXXXXXXXXXXXXX
m  B2[2 ) l g

https://www.nyu.edu/classes/tuckerman/adv.chem/lectures/lecture 3/nodel.html



Millikan Oil Drop Experiment

Measure the terminal speed of the |
uncharged oil drops: vy, = 11/t

The drag force: F, = 6émnrv,,, the effective o o
gravitational force: F; = 4nr3g(0 — 04ir)/3 = “
Measurement Fp, the estimated radius of the oil drop is:
QfThe Cha rge r= (977Vt1/29(0 - Qair))l/z 1 —
Of An El ectron Use X-ray to charge the o1l drop & apply an ‘

electric field. Determine the terminal speed vy».
The F; 1s the same, Fp = 6énmnrv,, = F¢, the
electric field g = qV/d = F; + Fp, =

6rnT (V1 + Vo)

q = 6mnr(vey + vp)d/V

From gq/m, we can estimate m,,.

http://vlab.amrita.edu/?sub=1&brch=195&sim=357&cnt=1



Potential Difference in a Uniform Electric Field

A proton is in motion in a uniform electric field E = 8.0 X 10*V/min a
distance d = 0.50 m. (a) Find the change of electric potential. (b) Find
the change of electric potential energy.

AV = Ed = 4.0 x 10* V
Uniform AU = gAV = 1.602 X 10719 x 4.0 x 10*
Electric Field AU = 6.4 X 10~15 J = 40 keV

+ + + 4+ + + + + +

Ref:



Electric Potential of Point Charges

For a hydrogen atom, please calculate (a) the electric potential at a
distance r = 0.529 X 1071% m away from the proton and (b) the
electric potential energy of an electron at this separation distance.

1.602 x 10717

e
: _ o 9 _
Potential of V=k—-=(9%10°) s=—os 010 = 272V
Discrete U=—eV =—(1.602x%x1071%) x 27.2] = —27.2 eV
Charges In nuclear fission, a uranium-235 nucleus captures a neutron and splits

apart into two lighter nuclei. Assume that the split nuclei of a barium
nucleus (charge 56e) and a krypton nucleus (charged 36e) and
separated with a distance of 14.6 x 107> m, please calculated the
potential energy.

56 x 36 x (1.602 x 10719)
14.6 x 1015

q19>
r

U=k

= 199 MeV

= (9 x 109)

Ref:



Calculate The Electric Field from The Electric Potential

Fine the electric field for the one-dimensional electric potential of
V(x) =100 — 25x (V).

E(x) = _W s (V/m)

dx
De rive The An electric dipole consists of charges +q and —q placed at af and —a,
Electric Field respectively, on the x-axis. Please find the electric potential and

electric field at x > a on the x-axis. Please evaluate the electric
potential when x > a. Electric dipole moment is defined as p = 2qa.

k(- 2k
Voo = k] (@) _ 2kqa _ P

= + =
x—a x+a x?%—a? x% —qa?
. dv 2kpx
E=——1= l
dx (x2 — a?)>?
kp av  2kp

Vx)=—= 5E=——-=
x> a,V(x) x2—> = 3

Ref:




Calculate The Electric Field Due to a Continuous Charge Distribution

Continuous
Charge

Distribution

Ref:

Calculate the electric potential at x = 0 for a uniformly charged rod

placed fromx = atox = a + L on the x-axis if the total charge on the

rodis Q.




Calculate The Electric Field Due to a Continuous Charge Distribution

Continuous
Charge

Distribution

Ref:

Calculate the electric potential at y = d on the y-axis for a uniformly
charged rod placed from x = 0 to x = L on the x-axis if the total
charge on therodis Q.

Q J
dqledx&/lzz
d d Ty=d
WV = ks 1__ ¢ & Y
x2+d2 Lx2 442
kQ :
m x=0| x=L
x—dtanH 0 - (0,tan~?! —>

kQ ftan "L/ D gec? 9 dB

kQ tan™(L/d) co5 9 d6
sec @ f

cos? 6




Calculate The Electric Field Due to a Continuous Charge Distribution

Continuous
Charge

Distribution

Ref:

Calculate the electric potential at y = d on the y-axis for a uniformly
charged rod placed from x = 0 to x = L on the x-axis if the total

charge ontherod is Q. y

k tan™ 1(L/d)1 1 1

Q _ d(sin 9) y=d
2\1— sm 9 1+ sinf

kQ 1 +sing\]"" (/) |
V =—1|In . '

2L <1—sm9>] x=0 X =

le 1+ L/VL? + d? le \/L2+d2+L

2L \1—L/VI12 + d2 2L \VIZ + a2 -

2

kQ (VL2 +d? + L) kQ (VIZ+dZ+1L

V = Zln d2 = Tln d



Calculate The Electric Field Due to a Continuous Charge Distribution

Continuous
Charge

Distribution

Ref:

A uniformly charged ring with a radius of a is placed on the xy plane
with its central axis aligned with the z-axis. If the total charge on the

ring is Q please calculate the electric potential at z = z, on the z-axis.

2naA=Q—>/1=L 2 Z

Zna

dq
/a2+zo /az+z0 7
V= = %

21 /a2+zo /a2+z§

+Z = Z

A )




Calculate The Electric Potential by Using The Electric Field

A uniformly charged plate with charge density of g is placed on the yz
plane at x = 0. If the potential on the plate is V/,, please calculate the
electric potential as a function of x.

Use Gauss’s law to find the electric field:

Aelelllezjilelgiois = x > 0,F = 2mkot
x <0,E =—-2rnkol

X

x>0V=V- f 2nkodx =Vy — 2nkox

S
S~

Gauss’s Law

X
Jro (—2mko)dx =V, + 2mkox
0

V =V, — 2nko|x|

x<0,v=V0_

I S S R S S S S
&

Ref:



Calculate The Electric Potential by Using The Electric Field

Application of

Gauss’s Law

Ref:

Please calculate the electric potential of a charged metal shell with a
radius of R and a total charge of Q.

Use Gauss’s law to fine the electric field:

kQ Vi

ko, ko

T>R'V:_JOOT_2T " /
(* kQ r kQ .
X

r<R,V=—J —dr—f Odr=?

2
oor R

A )




Calculate The Electric Potential by Using The Electric Field

Please calculate the electric potential of a uniformly charged solid
sphere with a radius of R and a total charge of Q.

The Volumekdensity is p = 3Q/4nR? z
r>RE=— |
Application of o 3
Gauss's Law r<R:E= <4nk<R >> J4nr? = kQr/R /
r>R,V=—Jrrl;g kQ X
PR R T T

_ kQ(3R* 17
R3\ 2 2

Ref:



Calculate The Electric Potential by Using The Electric Field

A hollow uncharged spherical conducting shell has inner and outer
radii a and b. A positive charge q is in the cavity and at the center of
the sphere. Please find the charge on each surface and find the
potential.

N>

The electric field inside the conductor 1s zero:

Appllc’at|on of PN
Gauss's Law r < aE = kq/r?
a<r<b:E=0,r>b:E =kq/r*

"k
r>bV=—j —

kQ
b>r>aqV =— j —dr—der——

k k k
a>rV=— j—dr—der—j Q 1_4

r a

b

£
-

<

=

Ref:



The Equipotential Concept and The Point Discharge Phenomena

Application of

Gauss’s Law

Ref:

The two spheres are separated by a distance much greater than R1
and R2. They are connected by a conducting wire. Find the charges Q1
and Q2 on the two spheres if the total charge is Q. Find the ratio of the

magnitudes of the electric fields at the surfaces of1®/\
Q1+0Q2=0

Q1 Q2 R4
Vi=V,>k—=k— - 04: = R;:R =
1 2 R, R, Q1: Q2 1: Ry = Q4 R1+R2Q
QZ_R1+R2Q
R: R
El:Ezszl:sz L = _RZ:R].

\/’_\G

Ry




The Potential and Electric Field of an Electric Dipole

The two charges of —q and q are placed at7; = (0,0,—d) and 7, =
(0,0, d). Find the electric potential and the electric field of the dipole.

N

k k z
V: - q—) 1= q—)
F-nl oAl Jj/
: : 1 1 q
Applicationof R&EE ( - ) '
PP ! Vr2 +d? — 2rd cos 6 \/r2+d2+2rdcosé/é'q

;5;

Gauss’s Law

A\

X
kq 1 2d 1/2d
r>d->V=—||1—=|——cos8])]|—|1—=|—cosb
r 2 r 2\ r
v kg 2d cos 6 sad -V kp cos 6
j— j— —) j—
T r P 1 r2
aVv av .

0
Ref: or rdo



