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What is “Biophysics”
Biophysics is a specialized sub area of biology

It is the science of physical principles of life itself and of
biological systems. Biophysics is an interdisciplinary
science that explains the laws and principles of physics
which govern various biological processes. Biophysics
spans all levels of biological organization from molecular

scale to whole organism




General Introduction.

Biophysics is the field that applies the theories and methods of
physics to understand how biological systems work.

Study of the action of physical agents: vibrations, radiation,
electricity, sounds...

Study of physical methods and techniques for diagnosis
and therapy.

Study of physical phenomena in the organism: biophysics of fluid
exchange and flow, biophysics of blood circulation, respiration,
acid-base balance.



General Introduction.

> Bioeleciricity refers to electricity produced by living
beings. It is a specific field of eleciricity related to the
effects of living organisms. The main elements are
neurons and the brain.

> It is also known as developmental bioelectricity and
studies the regulation of behaviors in cells, tissues, and
organs resulting from endogenous electrical signals.
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Physics-Biophysics

Chapter 1: Electricity and Bioelectrical Phenomena

Chapter 2: Biophysics of Solutions and Medical Applications
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CHAPITER 1

Electrluty and Bloelectrlcal Phenomena




Fondamental Physical constant

¢ welocity of hght in vacuum 2.997 924 58 - 10* mv's
i Planck’s constani 6.626 D69 - 10-* Jfs

i (=2 1.054 571 - 10-* )is

¢  electromic charge 1.602 176 - 10F* C

i, clectron magnetic momment 028476 362 - 10 1T
iy Bohr magneton 927 400 299 - 10— 1T
ity nmuclear magneton 5.050 7R3 17 - 10 T
m, clectron mass 9109 381 88 - 10 kg
My  proton mass 1.672 621 58 - 10— kg
Aty MCUtron mass 1.674 927 16 - 107 kg
Ky Boltzmann's constamt 1.380 650 - 10— VK

N, Avogadro’s constant 6.022 142 - 107

A molar gas constant N, kg=28314 472 limol-K
F  Faraday constant Bh 485 3415 Clmol

g g electron factor =2.002 3119

a  fine structure constant ;H-#EE! 7.297 352 533 - 10



Fondamental Physical constant

TABLE D.1 §lUnits

Base Quantity

Length

Mass

Time

Electne current
Temperature

Amount of substance
Lununous intensity

§I Base Unit
Name Symbol
Meter I
Kilogram kg
Second g
Ampere A
Kelvan k
Mole mol
Candela il

TABLE D.2 Some Derved SI Units

Expression in ssion in
Terms of Base  Terms of Other
Quantity Name  Symbol Units SI Units
Plane angle radian rad m,/m
Frequency hertz Hz i
Force newton N kg m/s* ]/m
Pressure pascal Pa kg/m+s* N/m?
Energy; work joule ] Ir.g'mﬂ,:r 5 N+m
Power waltl W kg m? /s’ ]/
Electric charge coulomb  C A
Electric potential volt V kH‘II]E;'r:J'L‘!-ij W/A
Capacitance farad F Astfhgem® OV
Electric resistance ohm { kg m*/A s V/A
Magnetic flux weber Wh Ir.g'mﬂ,:r Ars? Vi
Magnetic held miensity  tesla T kg /A
Inductance henry H kg'm* /ARt Tem/A




TABLE A.2 3Symbols, Dimensions, and Units of Physical Quantities

Common Unit in Terms of
Quantity Symbol Unit® Dimensions® Base 81 Units
Acceleration a m/'5" L/T*? m /5"
Amount of substance n maole maol
Angle i, db radian (rad) 1
Angular acceleration o rad/s* T== g2
Angular frequency o rad/s T 5!
Angular momentum L kg-m?/s ML2/T kg-m*/s
Angular velocity w rad/s T 5!
Area A m* L? m*
Atomic number 4
Capacitance i farad (F) QFT/ML? A%-gt kg - m®
Charge q (), e coulomb {(C) 8] A-s
Charge density
Line A C/m Q/L As/m
Surface o C/m* Q/L* A-s/m*
Volume o C/m? QL3 A-s/m*
Conductivity o 1/{-m QT /ML3 A% kg m®
Current I AMPERE Q/T A '
Current density ] A/m” Q/T* A/m*
Density o kg/m* M/L? kg/m?
Dielectric constant K
Displacement I, 8 METER L m
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Electric dipole moment
Electric field

Electric flux
Electromotive force
Energy

Entropy

Force

Frequency

Heat

Inductance
Magmetic dipole moment
Magmnetic held
Magmnetic flux

Mass

Molar specific heat
Moment of inertia
Momentum

Period

Permeability ol space
Permittivity of space
Potential

Power

1))
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C-m

V/m

V-m

volt (V)

joule (J)

J/K

newton (N)
hertz (Hz)
joule ( J)

henry (H)
N-m/T

tesla (T){=Wh/m")
weber (Wh)
KILOGRAM
J/mol-K
kg-m?*

kg-m/s

5
N/AT(=H/m)
CE/N-m*(=F/m)
volt (V) (=]/C)
watt (W) (=]/s)

L
ML/QT?
ML3/QT?
ML2/QT?
ML2/T?

ML*/T*-K

ML/T?
T I
ML*/T*
MLEH;QE
QL*/T
M/QT
MLZ/QT
M

ML.2
ML/T

T
ML/QT

Q2 T2/ML?

ML2/QT”
ML= /T3

As'm
kg-m/A-s*
kg-m" A-g”

kg-m?/A-s

kg-m=/s*
kg - m-/s" - K
kg-m/s*
(=1
kg-m=/s*

kg m- /A% -5

A-m?
kg/A- '

kg-m=/A-s*

kg

kg-m*/s*-mol-K

kg - m*
kg-m/s

g
I-r.];_f-|1'1,.-"'1'5'|:‘"-5:E

A*-st/kg-m3

kg m-/A- g
kg - m=/s*



TABLE A.2 Continued

Common Unit in Terms of
Quantity Symbol Unit® Dimensions® Base SI Units
Pressure P pascal (Pa) = (N/m*) M/LT= kg/m-s*
Resistance i ohm () {=V/A) ML=/ QET kg - m~ /A% g7
Specific heat . J/kg K L5/T* K m-/s K
Speed 1] m,/ s L/T m/ s
Temperature T EELVIN k k
Time f SECOND T g
Torque T N-m ML%/T? kg - m®/s?
Volume V m” L* m”
Wavelength A Im L. Im
Work W joule (J){=N-m) MLZ%/T* kg - m*/s*
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IL.ist of Prefixes in the Metric System

Prefix Svmbol Numerical Exponential
Value Value
quetta Q 1.000.,000.000,000,000.000.,000.,000.000,000 10°°
ronna = 1.000.,000.000.,000.000.000.,000.,.000,000 10°7
voltta x 1.000.000.000.000.000.000.000.000 107
Zzetta Z 1.000.000.000.000.000.000.000 1077
cxa | 1.000.000.000.000.000.000 10'F
pecta P 1.000.000.000,000.000 10°°
tera 3 1.000.,000.000.000 102
siga G 1.000.000.000 10”7
mega N 1.000.000 10"
kilo k 1.000 10°
hecto h 100 10°
deka da 10 10°
no prefix 1 10"
dect d 0.1 10 °
centi < 0.01 10 -
mill: m 0.001 10°
micro Lt 0. 000001 10°
nano n 0. 000000001 107
pico P O.000000000001 10 2
femto f O.000000000000001 10 5
atto a 0. 000000000000000001 i 13
Zzepto = 0. 000000000000000000001 10"



1- Generalities and reminder

On a microscopic scale, matter is composed of a collection of atoms or
molecules linked together by Van der Waals forces

X 2000

Atom: The atom consists of a very dense central part (the nucleus),
around which electrons orbit.

The nucleus of the atom is composed of protons and neutrons, and the
peripheral part consists of an electron cloud



The following table gives the physical characteristics of the particles

found in the atom.

Charge in (C) Mass in (Kg)
Electron (-e=-1,6 10-%9) 9,11 1031
Proton (+e =+1,6 10'19) 1,67. 102
Neutron 0 1,67. 1027

Atomic charge:

The electrical charge of an atom can be deduced from the algebraic sum of all its

elementary charges. i
Chemical element symbol

Total number of nucleons
A X
ZAN

Number of protons Number of neutrons

A=7Z+N



A charged comb attracts bits of paper
because charges are displaced in the

paper.

16



Electrically polarized
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Conductor and insulator

A material is said to be a perfect conductor if, when it becomes
electrified, the charge carriers can move freely throughout the entire
volume occupied by the material.

It will be a perfect insulator if the charge carriers cannot move freely
and remain localized at the place where they were deposited.



Conductor and insulator
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 Biological membranes are insulating materials. placed between two conducting materials., thus
forming a capacitor.

They allow for charge separation.
They contain ionic channels that help maintain a difference in charges between the inside and the
outside (thanks to chemical energy), resulting in an electrostatic field at the membrane.
This field influences ionic exchanges at the membrane level.

 Proteins are made up of amino acids, some of which are charged. The surface of a protein shows a
charge distribution that is not uniform (even if the overall charge may be zero).
This distribution guides the intermolecular interactions that are essential for signaling pathways.
For example, phosphorylation is a modification of the surface of a protein after activation, which
leads to a negative charge that modifies interactions with other partners of this protein.



————

“Positive and negative charge

¢ Like charge repel one another and
unlike charges attract one another
where a suspended rubber rod is
negatively charged 1s attracted to
the glass rod. But another
negatively charged rubber rod will
repel the suspended rubber rod.

//;/}/ == 3’-{&\\ N
L \,.‘r\ - rh ~
5 -

(c) Charged glass rod attracts
charged plastic ruler



Charging by Friction or Contact
o

1 Two ways electrical charge can be transferred

Friction — electrons are being transferred as one
material rubs against another

Contact — electrons will transfer simply by two materials
touching



1-2 Electric force =—— —

Coulomb’s LLaw

In 1785, Coulomb established the
fundamental law of electric force between
two stationary, charged particles.

23



1-2FElectric force

Coulomb’s Law

The electrostatic force of a charged particle exerts on
another is proportional to the product of the charges
and inversely proportional to the square of the
distance between them.

...F =2 K qlqz
r2

24



~1-2Fiectric force

- FaRa;
r2

L . o

* where K is the coulomb constant = 9 x 10° N.m?/C=.

* The above equation is called Coulomb’s law, which is
used to calculate the force between electric charges. In
that equation F' 1s measured in Newton (N), g 1s measured
1n unit of coulomb (C) and r 1n meter (m).

25



e R A A A A AR i A AN A A A A% e s
o e e A e S P
e S e e g e

)

—

- Blectrie forcs ——

— e e T~ & S——
— 4_r e

= Permzttzvzty constant of ree space

® The constant K can be written as

* where €y1s known as the Permittivity constant of free
€¢ space.| (generally, we have & =eggxée, )
® — 885 x 10-"2C2/IN.m?
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1-2 Electric force

Vectorial form of the electric force

Fan T Fip
. . L S -~—
’ ] llHJ’III{JPIIE q1 g2
Friz = 2 Y (+) -)
dire, 1

—_—

Here :+ 1s a unit vector

Characteristics of Coulomb force: Coulomb force is a vector quantity, also characterised
by

a)The point of application: The charge.

b)The direction of Coulomb forces: the direction depends on the nature of the two
charges. Two situations may arise:



1-2 Electric force

» If the two charges (Qa ) and (Qs ) are of the same nature (positive- %w>0~
positive) or (negative-negative), the two charges wall repel each other; o
these are called repulsive forces, see the diagram opposite. ,/}"r:w

7 If, on the other hand, the two charges -amfl .zlre of - "

ositive-negative) or (negative-positive), the two chargea
will ach other; these are called furcesl

AfB

28



1-2 Electric force

Example 01 : The Hydrogen Atom

The electron and proton of a hyvdrogen atom are separated
(on the average) by a distance of approximately 5.3 >
10 . Find the magnitudes of the electric force and the

gra"i.-‘itati-::-na] force between the tbwo particlﬂs.

Solution From Coulomb’s law, we find that the attracuve
electric force has the magnitude

H-mﬂ) (1.60 > 102 )=
C= (5.3 > 10 ! m))~

F,o=k, |Z — (B,QE} < 107

e
e

= 8.9 x 10 8N

Using Newton’s law of gravitatnion and Table 23.1 for the
particle masses, we find that the gravitanonal force has the



: HEgITE

g 7,2

(E.Tv’ x 10711 H'Th)

5 kg™

(9.11 X 103! kg) (1.67 X 10~27 kg)
(5.3 x 107" ' m)*

= X

3.6 X 100¥ N

The rato F{,fﬁgﬁi 9 % 1032 Thus, the gravitational force be-
tween charged atomic partcles 1s neghgible when compared
with the electric force. Note the similarity of form of New-
ton’s law of gravitation and Coulomb’s law of electric forces.

30



1-3 Electric field

An electric field is any region in space where an electric charge is subject

to the action of an electric force.

When a point charge q,, is placed at the origin, the Coulomb force on another
point charge, qg, at the position r=AB is given by E

- QaXQp_ - B
Fr=k X —— L7
g AB)? Qaso,
With - f:‘;-,,ﬂ
EME =k x '!-.n'... e - B
w

-The Sl Unit is the Newton/Coulomb=N/C, Alternative Unit : Volt/Meter
-The direction of the field is the same as that of the force if the influenced
charge is positive.

-Otherwise, the direction of the field is opposite to that of the electric
force.



1-3 Electric field

— T =7
A U Fin B E;
® -> <>
q1 q>
(+) -)
rY q1%q2| —
Fip = -Fiypu = -K222%
2
— K@l;-?: E"
— —
= Fip =92 Kf—;?:') =g2L
e _ | —
L= KUl [E] = NIC
Output field

A Fan 74 B
e - @
L g2
) -)
—
Fan = Fopil = K422
3
— K‘i‘li’?: ?f
2
. -
= Fu = qi( K47) = q\E;

Input field
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1-3 Electric field

Analogy with mechanics

In analogy with mechanics, if in the vicinity of the earth, where
the gravity field reigns, we place a mass m, it will be subject to
Its weight. We have:

W=mg

my X Mmg_,

» G = 6,67 10*1(5.1).

33



1-3 Electric field

Case of n charges :

* Here, we calculate the electric field strength for electric charges
distributed in space. When an electric charge, q;, is placed at position
r(i=1,2,......, n), with the superposition principle, the electric field
strength at r is given by -2 (az)

P41 (gq)

Pa(qa)




1-3 Electric field

Example Electric Field Due to Two Charges

A charge g,= 7.0 uC is located at the origin, and a second
charge g,= -5.0 uC is located on the x axis, 0.30 m from the
origin.

Find the electric field at the point 2, which has coordinates
(0, 0.40) m.

Solution First, let us find the magnitude of the electric

field at P due to each charge. The fields E, due to the 7.0uC

charge and E, due to the -5.0uC charge are shown in the
Figure. Their magnitudes are

040 m

* 050 m
kY
,
AS
s,
\\.'\.
,
AY
AS
'3.{ 7™

Y

71

{ — 3 =x
(.30 m p—

ff_z



\q \ , N | (10X 10 C) B, =39 X 10 N/C
EI ] '!’1 = | 899X 10 C,! . (040 m)‘} Ey = (L1 X 10° = 1.4 X 10°)) N/C
n The resultant field E at P is the superposition of E; and Eq:
=39 X10°N/C

E=E +E = (L1X10%+25 X 10%) N/C

NI ) 50X 1070 )
&

From this result, we find that E has a magnitude of 2.7 X

. F 2 B AT 0 ‘o .
(OJU ]'[]) 10” N/C and makes an angle ¢ of 66° with the positive x axis.

19
= 1§ X 10°N/C

[ = Im (899 X 10°-

The vector E; has only a y component. The vector Ey has an
xcomponent given by £y cos f = %Eg and a negative y compo-
nent given by —Eosin = -%E:_}. Hence, we can express the
vectors as 5



Electric field lines

We can visualize the field using electric field lines (lines of electric force), which
help us to understand the field easily. We can refer to a line of electric force as an
electric field line, and take the tangent to an electric field line at an arbitrary point
as being parallel to the direction of the electric field at this point.

It can be shown that electric field lines never cross each other.

37



Electric field lines [

Rules for drawing electric field lines

* The lines must begin on a positive charge and terminate on a negative
charge.

* The number of lines drawn leaving a positive charge or approaching a nega-

tive charge IS pmportional to the magnitude of the charge.
* No two field lines can cross.



A '-'.. "\
. v
. . - : W iz
EIeCtrIC fleld I I I l eS 7 .:\?Ati‘;j:‘ -f
) ',/"..\{;.,\:'.\V:i'_:.

9 /(MR M« !
: i ;'w:‘v.. \' ’(".?:'J

K LS

~|

Positive point charge ‘ 4 G

\>
Negative point charge ‘ \\ /q/ &
\\ ,

7]
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Electric field with surface charge distribution

In this case, we have:

EM)= [dEmM)

with — GEmy =1 445,
drte, r-
If o is the surface charge density (units: C.m™2) with « = ‘E

Then the electric field is given by:

i

Surface 4TE, 1

r=PM

Em= [ -2 uas

40



Electric field with volume charge distribution

We define p as the volume charge density (units: dE
C.m™3). The electrostatic field created by such a
distribution iIs —.

E(My= [ dEM)

with AdE(M) = 1 dqg iy

-5

diTe, ¥

cley

with ©=
v

Then the electric field is given by: E{M] = fff P > ” v
TTE, T

Volume

41



Electric field with linear charge distribution

We define i=d—f; as the linear charge density

(

(units: C. m™1). The

Electrostaticfield created by such a distribution is

2

7"

de,

y
i



Example 2

Two charges g4 and q,, placed respectively at points A and B, are separated
by a distance of 5 cm. On the line (AB), where can a third charge be placed so
that it experiences no force? Can this charge be either positive or negative?

Given: qq = -8 uC; g, = 3 uC. B

4
o1 q 2

Solution: . Principle: The net electric force on a test charge is zero when the
electric fields produced by g1 and g, at that point cancel each other /-2~ =0
0). This condition is independent of the sign or magnitude of the test charge ).

So any nonzero test charge (positive or negative) will experience zero force if
the electric field is zero at that point.



Solution:

—

= g, will be subjected to: £ = a3 En
For g, to be immobile=> F=0=— E; = 0 .
Case 1: M betweenAand B E; + E; # 0 = g, can never be atrest. , “"_F—?
Case 2: M at a distance x to the left of A: .

1 g, _ . 23 X a
E, = K4~ Ly = K—— M A B
v - {."L"'r.!_} - ]
E, E (q q2
.IfE1+EQ:ﬁ thean]‘:E: (=)
- = - —> X = -=12.89cm
= 1 = ﬁ > Sx- +80x+200 =0 O0R
| (x+a) x =-=3.1lcm

* Rejected values because x must be positive (distance).



1.4 Electrical potential.

1-4-1Work of an Electric Force
The charge q, follows an arbitrary path between A and B.

— B2 =2 ,
Wap(F) = jB dW = f F.dl = j'BK 2491 3

dW: elementary work of F~ between points M and N.

The work of the force F~ is written
F=Fil =K28 7 1o

- 5y A
Wi.p(F) = Klq19> I u.dl r;_(

) My dl _ ‘B
u.dl = || de H cosl = dlcosf = dr Uy =

. - B 4
—> ”H—-B(}') A’{q]qﬂ —df :
]

= Kq192/[+ - 71 = AW [+ — =1

W ,_ g is independent of the chosen path



1-4Electrical Potential

 Electrical Energy and Potential

W p(F) = X090 _ X092 thisgives W, 5(F) = Ep(4) - E,(B)

j’ 1
A . ]

E,]| =Joules (J)

q19: Here E, is the electrostatic potential energy of the system composed of q;
" and g, separated by a distance .
Relationship between potential energy and electric potential.
If g1 is in the field E; produced by g, , we can side that g, has an electrostatic
potential energy because of this field and we can write: E, =g KL g1V

Here

E, =K

Iy, = K*= electric potential created by charge g, at the point where charge q; is located.

g1 is the influenced charge.
V, ;¢ is the external influencing electric potential



1-4Electrical Potential

Case of two charges : Ep =Ep, =Ep= E, = +(E,, +Ep,)

Case of three charges: Ep = Ep(ql,qz) +Ep(q1,q3)+fp(q3,q3) -

i3 a3

_ rquq 193 r 4243
it R e

+1[g1(KL) + g3(KL)] +5[q2(KE) + 93(KE))]

r13 r13

|
IJ'-—-
P —
-
o
>=
\—/
+
-Q
A
:>w
-
| — |
l\)lt—o

47



1-4Electrical Potential

Generally: p,, = K< [Vu] =Volts (V) g

* Characteristics of electric potential:

Electric potential is a scalar quantity, characterized solely by its value and sign.

If the influencing charge is positive, the value of the electric potential will also be
positive.

If the influencing charge is negative, the value of the electric potential will be
negative.

In the International System, the unit of electric is the Volt.



1.4 Electrical potential.

* Relationship between electric potential and electric field. The electric
field derives from the electric potential. The expression of the
relationship between the electric field and the electric potential is
given by:

E = E,u+E,j+E.k

V- V- a9V -
71— —k

dx dy dz

|




1.4 Electrical potential.

2 Case of n charges:
In the presence of several g, charges, the electrostatic field is the sum of the electric
potentials produced by each charge q;:

VM) =N V(M)

g,
viMy=S—2L 4y
i=] 4H€{J ":’

Where r, Is the distance between the charge g; and the point M.



1.4 Electrical potential.

Example: a 1 uC point charge is located at the origin and a -4

uC point charge 4 meters along the +x axis. Calculate the
electric potential at a point P, 3 meters along the +y axis.

51



1.4 Electrical potential.

* Equipotential surfaces:

A virtual surface composed of points with the
same electric potential is called an equipotential
surface.

dV=—E.dl =—E.MM'=0

That is, E vector is normal to the equipotential surface. This can also be
expressed by saying that the electric field lines are normal to the
equipotential surface.



1.4 Electrical potential.

Equipotential surfaces:

Positive electric charge Pair of positive and negative charges

1’”’
L N

A

'\-\.x i | #
i -
~ i "
- -
- L= -'J'L'IL'

The field line is always oriented in the direction of decreasing potentials.

-

53



1-5 Electric Dipole

* An electrostatic dipole is a system of two point electric charges, +q and —q
located at a distance d=2a very small compared to the distance .

* Molecules such as HCL, CO, H,0, CO, constitute examples of electrostatic
dipoles.

P




1-5 Electric Dipole

* Definition: we call the electric dipole moment the quantity

;5 = qd? = Eff{f_; [Pl=C.m

55



1-5 Electric Dipole

1-5-1Potential of a dipole

V=V +V.=Kg(5 - 7) = Vi = Kgq
/

V_ = K;q_ l__’+ - K_r%

We have rqy—rg=AH = 2qcosf
— g )
FyXrg~r-

Klagcos# _ KPcosf _ K ﬁ_?'

) 2
rl r-l-

= Yy =

~

rq4—rp
FATB
'
A |
4 : l{
S // {
4 / ',’7'8
S " J /"
. ’ // y
/ 0 /
'4.74 :‘/ﬁ (' B
—-q o +q
I =2 d

56



1-5 Electric Dipole

For the dipole, The component of the electrical field are

EF. = ¥y - _C (KPL.‘MH ) — 2KPcosé
ip = . = — ; :

re F

Eo = 1 éV = L .¢ (L’Pumﬂ = KPsiné
YT T r M ol "

pl .

E.is the radial component whereas E; is the angular component

KPJ1+3cos*d

r’

E=!f:+.‘:}; = E = JEE*E.-% =

57



Gauss Positions I

It 1s defined 1n the xx’ and yy’ axes

X

*E ’ E?
Jl’fl ~ 0 = U:')E A;P;E@=O_—_>E[=Er p—
J‘fgm+9=lr:>Er=-_Ea O:;,E:__' iy
pra—

My~ 0=3E55E =0E=-2=E, ot o EP
. .

— —
W-“ f\_.a.g=;::»E,.=0:.Eg=r—'1 — E3 = Eg
o
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1-5 Electric Dipole

Interaction between an external field and the dipole

If we place a dipole, with electric moment p, in an external uniform
field E, the charges, which constitute it, are subjected to equal
forces and opposite.

The dipole is subjected to atorque
with respect to o.

Torue on a Diole

https://www.youtube.com/watch?v=aFfmZjXDOCM




1-5 Electric Dipole

Interaction energy:

The potential energy of a dipole, placed in an E field, is calculated by
adding the potential energies of each charge: F, = F o+ Ep) - PR

Demonstration

V, is the potential at the point A : The charge (-g) has the potential energy —q V,
V; is the potential at the point B : The charge (+g) has the potential energy +g V,

Ey = Eyg + Eyy= V3= Vs =Wy..(Fp) = ~E.4B= ~PE
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1-5 Electric Dipole

For &=0The energy is minimum : Stable equilibrium position.

For @=/TThe energy is maximum : instable equilibrium posmon.

Turning points for Energy
~equilibrium
m%w*WW

“oscillation with
> energy B
Stable Unstable L |
Equilibrium Equilibrium e e

qe—2——eq q—2 "

beg
T

Unstable




1-5 Electric Dipole

Dipole of the water molecule

The center N of the 10 negative charges
and the center P of the 10 positive
charges are distinct.

The electric dipole of the water molecule
is:

P=62x10"2C.m d =965 iﬂ'ﬂ-m:

Polarity of Water (H,0)
5

0
VoY
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Exercise of dipole

The electric dipole associated with the water molecule has a dipole moment of P
=6.2 X 1073° C-m.

It is placed in the electric field created by another water molecule. Their centers
are separated by 3.44 A.

1) Assuming that their centers are fixed, how do they orient themselves?
What is then the potential energy of each molecule? What does it represent?

2) To evaporate 1 g of water, 2260 | of energy are required. Deduce the number
of bonds that one water molecule forms with its neighbors. Then explain the
phenomenon of body heat elimination through perspiration



Answer F :_- E .
.l' r?
The first Gauss position
1_)*
g ; ﬁ \
EPI - _P]E: — _Pl "KP - _2KP1P :
1 !—*
. > P
Lp —I)L|=— > t}%:_zk'llr{.
P\ =P,
Ep, =Ep, =-1.7%x1072%J

The second Gauss position
EPI = _}TI’E = —[T;(-&\ - I\W

r’ I‘"

E ) =_P‘)E1 __P,)( KP] / - P1{)2
3 3

p— S

Pl =—P2

Ep =E,, =-0.85x102J

—
111 P:
.
E
_’é‘—():
P.
—
-2 1]
—_— -
0]




If P and 7; have the same direction = potential energy E, is minimal = stable equilibrium.
A negative E, represents a bonding energy between the two molecules.
—-E, corresponds to the energy required to break this bond.

2) To evaporate 1 g of water: ,
— 18 g corresponds to N, molecules 18g — N4 |
— Therefore, 1 g corresponds to (N, / 18) = 0.334 X 102° molecules 1g — n

Since 2260 ] is needed for 1 g of water, the energy per moleculeis:
2260 - 0.334 x 10~ molecules

E=2260/(0.334 X 10%°) =6.76 X 107%° ] per molecule E - 1 molécule.

Given that the energy required to break one bond is 1.7 X 107%° ], the number of bonds per
molecule is: x=(6.76 X 1072%) / (1.7 X 107%°) = 4 bonds.



Explanation

To function, the muscle consumes O, and glucose, which react together to
release CO, and energy. Part of this energy is used by the muscle, and the
excess is released as heat.

This heat is sensed by the skin and the hypothalamus.

At the skin level, this heat breaks the hydrogen bonds between

water molecules, causing water to evaporate as sweat —

a mechanism that eliminates body heat through perspiration.

/

. . . // )
The hypothalamus is a small structure in the brain located ypotraamus )/
below the thalamus, which acts as a major control center hndutm /] A
for many vital functions. It regulates functions such as —

Posterior ptituary /

body temperature, hunger, thirst, sleep, and emotions..

Thalamus



1-5 Gauss Law

The total electric flux is the Integral of the electric field (E) over a closed surface
(S) and equal the total enclosed charge (Q) divided by the permittivity of free space

(€0)- . — — O
D={(fE-dS=""
j:f E{)
-Gauss' theorem Is used to calculate the electric field for charge f
distributions. | At

-General method:

-Finding the closed surface.
-Writing the definition of the flow.
-Applying the Gauss theory.

iu. B 4}?
i‘ \\‘f;l
Karl Friedrich Gauss German
] , 4 5 mathematician and astronomer
Sphere V. = EF.E’ S =4xR

Cylinder V. = =nR?h. S =27R?+2nRh




1-5 Gauss Law

« Example

We consider a sphere with center O and radius R, charged with a surface distribution of
charges o. This distribution having a spherical symmetry Calculate the resulting
electrostatic field and potential in all space. We take V(«)=0. draw the graph E(r) and V(r).




1-5 Gauss Law

Solution:

1-The field :
Case r<R Ei=0=>v, =0

From the Gauss theory, we have :
Case r>R oR2 oR? dr  ©R?

. — . F, = 2:}]? = — — —2:——|—C
O=ApE-dS=pE@r)dS = E(r) 47 r” 27 eor 2 eo © 12 eor | 2
5 S
_Qim
Ell
Case r<R

Qint =0='.}El =0

Case =R

dq = ods = Q;,,, = 0s = c4nR*

Therefor: o4rR2 oR?

E.4mTr? = — EF., =
‘ £o 2 ggr?
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1-5 Gauss Theory

TABLE Typical Electric Field Calculations Using Gauss’s LawCharge

Dhistribution Electric Field Location
Insulating sphere of radias - 3
i, uniform charge density, K L,—‘-—’ r= R
and total charge 2 .
Q
. K B3 r r= R
Thin spherical shell of radins - o
fand votal charge (0 K — r= R
y
. 0O r= R
Line charge of infinite length A Chutside the
and charge per unit length A 2K v limye
Monconducting, infindee ‘r Everyvwhere
Charged plane having @ ontsicle
. &0
surface charge densivy or the plane
Conductor having surface . Just outside
charge density o E_D the conductor
" Inside the

conductor
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