Medical Physics - First Stage- Electricity & Magnetism

Electrostatic Force
Properties of Electric Charges

The text of the law of conservation of charge:. -
Charge cannot be Created or Destroyed .

Electric chargeisalways conserved in an isolated
system. That is, when we rub two objectstogether, the
charge formed does not arise out of nowhere. Rather,
it results from a state of electrification (the charging
process) as a result of the transfer of charge from one
body to another.

One object acquires a specific negative charge,
while the second object acquires a positive charge of
the same amount. For example, when arod of glassis
rubbed with a piece of silk as shown in Figure (1), the
silk gets a negative charge equal in amount to the
positive charge that formed on the glassrod.

A negatively charged robber rod aftached to a A megatively charged rubber rod attached to a
rope repels a negatively charged rubber rod rape attracts a posirively charged rod of glass
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Figure 1; Electrical forces between
{a) Two charged particles with different charges
{b) Two charged particles with similar charges

From the atomic structure, we conclude that
electrons are transferred during the rubbing process
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from glass to slk. Similarly, when a rubber rod is
rubbed into a piece of fur, electrons move from the
fur to the rubber, which shows a negative charge on
the rubber and a positive charge on the fur. This
process occurs because uncharged neutral materials
contain a number of positive charges (protons inside
the atom nucleus). equal to the number of negative
charges (electrons in orbitals surrounding the
nucleus).

Type of Charge

1- positive electric charge + protons (p +)
2- Negative electric charge - electrons (e -)

Electrons have a negative charge (e-) and the proton
has a positive charge (e +) equal to the charge of the
electron, but with an opposite sign.

The smallest unit of free charge in nature is the
electron charge, e. It is (—e) for an electron and (+e)
for aproton. It hasthe following value:

(e=1.60218 x 10™ C).

The charge and mass of each of the electron, proton
and neutron are shown in Table (1). Note that the
electron and proton are the same in the amount of
their charge, but they differ in their mass. On the
other hand, both the proton and the neutron have the
same mass, but differ in charge.
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Table (1): Charge and mass of the electron, proton and neutron

Particle Mass(kg) Charge (C)

Electron, (¢) | 21094 107 - 1.6021765 = 10™

Proton (p} 167262 % 10 +1.6021765 < 107
=27

Neutron (1) 1.67262 > 10 0

Very important notes

1- The proton isinside the nucleus of the atom and
its chargeispositive and its magnitude is equal to
the magnitude of the charge of the electron.

Matter is made up of atoms, and each atom
contains;

(a) - the nucleus and contains positive (p +) protons
and neutral neutrons

(b) - Electrons (e-) rotate at a very high speed
around the nucleus and have a negative (-) charge.

Note: Atoms are electrically neutral when the number
of electrons equals the number of protons (the
negative charge eguals the positive charge)

2- The charge of an electron or proton is the
smallest unit of charge, to measure charges.
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3- The charge of any charged body is an integer
multiple of the charge of the electron. To calculate
the number of electronsfor a charged body.

Electric charge (g) is quantized, where q is the
symbol used for charge. This meansthat the electric
charge exists as discrete packets, and we can write
that (g = + Ne), where N isan integer.

4- The amount of charge of an electron

(C is1.60218 x 10™), where (C) means a
coulomb,and 1coulomb = 6.25 x 10* electrons.

5- Electron mass = 9.1091 x ™ K g.
6- parts of a coulomb:
millicoulomb (1 mC=10" C),
microcoulomb (1uC=10° C),
nanocoulomb (1 nC=107C),
picocoulomb (1pC=10"C).

Materials can be classified according to the ability
of their electronsto move within the material:
Electrical conductors: are materials that contain
free electrons that are not bound to atoms and can
move frealy within the material.

Materials such as. copper, aluminum and silver are
good conductor s of electricity.
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Electric Insulator: They are materialsin which all
electrons are bound with atoms and cannot move
freely within the material.

Materials such as: glass, rubber and dry wood.
Semiconductor :is the third class of materials
whose electrical properties fall between insulating
and conductive materials, such as. dlicon and
ger manium.

Coulomb's Law

The electrical interaction between point charges (a
charged particle of zero size) can be studied through
an electric force known as the " Electrostatic Force"
arising between two stable charged particles through
Coulomb's law, which states " the force of attraction or
repulsion between two charges in vacuum is directly
proportional to the value absolute net of the product of
their charges, and inversely with the sguare of the
distance between them" .
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Where (k) is a constant known as " Coulomb's
Constant" . Electric forces are conserved forces, just
like gravitational for ces.
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The value of Coulomb's constant depends on the
choice of units. The unit of electric charge is the
coulomb and it is denoted by the symbol (C) and the
coulomb constant (ke) in standard units (SI) has the
value:

ke=8.9876 x 10° M.n?/C?
The constant (k.) can also bewritten as:

Whereas the constant €, (pronounced epsilon) is
known as the "Permittivity Constant” of a
vacuumhasthe value:

Newton's law of universal gravitation

It states that: any two objects in the universe have
an gravitational force between them that is directly
proportional to the product of their masses and
inversely proportional to the square of the distance
between them.

Where G isthe universal gravitational constant
G =6.67x10"(N.m?/K g
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Directional form of Coulomb's law

When we deal with Coulomb's law, remember
that force is a vector quantity and we must deal with
it on this basis. Coulomb's law is expressed in its
vector form through the electric force exerted by
charge g, on charge g, we expressit asfollows:

- lq1llqz|

Where 7 is the unit vector and is directed from
charge g, to charge g, asshown in Figure (2) Sincethe
electric force is subject to Newton's third law, the
electric force exerted by charge g, on charge q; is
equal in magnitude to the €electric force exerted by
charge g, on charge g, In the opposite direction, that
IS

Fi; = F3,

If the charge g, and the charge ¢, have an
opposite sign as in the figure below, then the product
of the two charges 0.0, is negative and the electric
force on one of the two particles is directed towards
the other particle. These signals describe the relative
direction of the force but not the absolute direction.
The negative sign indicates that the force is attractive
and the positive sign indicates that the force is
repulsive.
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Note: When there are more than two charges, the
net electric force acting on one of these charges is
equal to the vector sum of the forces exerted by the
other charges. For example, if there are four charges,
the net force exerted by particles 2, 3, and 4 on
particlelis:

Fi=Fy  +F31+Fy
Example 1. In the hydrogen atom, the hydrogen
atom, the distance separating the electron from the
proton in The Hydrogen Atom is estimated at 5.3
x 10™ m. Find the magnitude of the electric force and
the gravitational for ce between them.

o lallga] o M> (L6 X 1071°C)?
Fo=ke— = (899X 10°N.) XY
=82x10°N
_ HI!HIP
@‘G r2

m* (9.1 x 10-**kg)(1.67 x 10~"kg)

s =11
= (667X 10" N.) G 10-Tm)?

=36x10"N

Example 2: Find the resultant force. Consider that
there are three charges

placed on the corners of a | -/
right-angled triangle as @ »p-———— ‘<t gl
shown in the figure, where
thechargeqg, = g; =5.00 uC, - g

the charge g, = -2.00 uC,
and the distance (a = 0.100
m). Find the net force on gs.

7
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=k |41]£fh1
3
= (8.99 x 10%\.'.1:) X0 OBNXI0TE 8.99N
(2 (0.100m)?
=k M
" (V2a)?
m?_(5.00 x 10-6C)(5.00 x 10-¢C)

= (899X 10°N. ) = 11.2N

2(0.100m)?
Fi3x = F1300545.0° = 7.94N
Fiay = Fi35in45.0° = 7.94N
Fy = Figp + Fogp = 794N + (—8.99N) = —1.04N
Fyy = Fygy +Fo3y = 794N + 0 = 7.94N

Example 3: Where is the net force equal to zero?
For three point charges located along the x axis as
shown in the figure,
the positive charge g
= 15.0uC islocated at x
= 200 m and the

positive charge g, = N
6.00uC at the point of *—l‘ﬁv 2.00 — x —

origin and the total
force acting on the g
charge gz is zero. What — @€~ a=—>——a&—
is the coordinate of 72| Y= 45 ki 0
charge gs with respect

to the x axis?
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T _F .7 1 lallel, luleal s
F3="FptF, ka = ITR”{z.uu—xFI-G

ki‘iz”ﬂah_ la, sl
€ € (2.00-x)?

(2.00 - x)q, = x*q,
(4.00 - 4.00x + x*)(6.00 x 107°C) = x*(15.0 x 107°C)
3.00x* + 8.00x - 8.00 = 0
X =0.775m
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Biot Savart Law

To find the relationship between the current in a
wire and the resulting magnetic field at any point in
space. They have come up with the following practical
facts:

1. The magnetic field vector dB of a small element of wire of
length ds at a point P in space is always perpendicular to
both the element ds and the displacement vector r that goes
from the element of wiredsto point P.

2. The magnitude of the magnetic field, dB, is inversely
proportional to the square of the distance, r”.

3. The magnitude of the dB magnetic field is directly
proportional to thecurrent in thewire.

4. The magnitude of the dB magnetic field is directly
proportional to sin 6, where the angle 0 is the angle between
the displacement vector r and the element ds of the wire.
These practical results can be summarized in the Biot-Savart
law.

dB,,, PP

I ///
F /
e _______-—-”"”J
//-r-’ ds pr
/ u"B,,.

I.ds.sin 0

dB = pu 5

r

Where 1 is a constant whose value depends on the type
of units used and the direction of the field is perpendicular
to the planethat collectsds, r.
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Difference between Biot—Savart Law and Ampeére's Law

Both Ampere's law and Biot-Savart law help us
calculate the size of magnetic field lines, but the main
difference between Biot-savart law and Ampere's law is that
in Ampere's law a symmetric (Amperian) loop is considered
along the straight line of the charges. In other words,
Ampere's law is used for symmetrical distribution of
currents, while Biot-savart's law is used for symmetrical and
asymmetrical distribution of currents,

The acting force on conducting wires placed
In a magnetic field

We use the relation F = BIL to calculate the force on a
current-carrying wirein a uniform magnetic field.

Magnets don't just force each other. Rather, it can also have
a strong effect on the wire. We assume that we place a wire
between two magnets, so that the wire isinside the magnetic
field, asin thefollowing figure.
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If thewireisnot carrying current, then thereisno for ce, but
iIf a current is passing through the wire perpendicular to the
direction of a uniform magnetic field, then the magnetic field
acts on the wire with the force Fz which we get from the
equation:

Fe=BIL

We can deter mine the direction of the force using Fleming's
left-hand rule. With your left hand, extend your index finger
forward, point your thumb up, and move your middle finger
to become perpendicular to your thumb, as shown in the
following figure.

The index finger represents the direction of the magnetic
field, B, the middle one the direction of the electric current,
I, and thethumb the direction of theforce on thewire, F

As the angle between the magnetic field and the €electric
current approaches 90 degrees, the force on the wire
increases. The value of this force gradually decreases until it
reaches zero when the magnetic field and current are
parallel, or have an angle of O degrees between them, as
shown in the following figure.
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The magnetic field created by an electric current

An electric current in a wire is capable of generating a
magnetic field. Oersted's experiment was the first empirical
demonstration that electric and magnetic phenomena are
closely related to each other.

We study two of the laws that deal with this subject.
The first law is called " Ampere's Law" and the second law
Is" Biot Savart Law" ) Laplace-Ampererule.

These two laws correspond to two laws. Coulomb's law and
Gauss'slaw for calculating the electric field.

Ampere’'s Law

Ampere's law is a formulation of the relationship
between the current and the magnetic field arising from it in
its integral form. This law states that "the line integral of
magnetic induction around a closed path is equal to the sum
of the currents within this path multiplied by the vacuum
per meability coefficient p,", meaning that:

jgﬁ.ﬁzjg,ﬁ’cosﬁdlz,uﬂzl’

C C
Where dl is the length component of the closed path, 6

Is the angle between dI, B. In the case of more than one
current inside the closed path.

In the case of a single current, this equation can be
written in the following form:

f—Bm = w1

c
Applications of Ampere's Law
1. The magnetic field created by an electric current in a
straight conductor.
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- If an electric current ,I, passes through a straight

conductor, then the lines of magnetic force around the
conductor arecircleswith the center at the conductor itself.

If it is considered that one of these circles represents a
closed path around the current and the radius of thisorbit is
r, then the direction of B isthe direction of dl itself, tangent
to the lines of force. Applying Ampeére'slaw, we get:

B f(}zm dl = jigl
* B2nmr = pgl or B:%i

2 . The strength of the magnetic field produced by a current
in a solenoid.

B=unl
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Magnetism

The science of magnetism arose from the observation
that some stones called magnetite FeE304 attract particles of
iron. The word "Magnetism" is derived from the Magnesia
region in Asia Minor, where these stones are located. It is
known that the globeitself isa per manent magnet.

In 1820, the scientist Orested noticed that if a current
passed through a wire, a magnetic effect would arise,
represented by the deflection of a magnetic needle placed
next to the wire. Orested's discovery linked a relationship
between the science of electricity and the science of
magnetism.

properties of magnets

1. Magnets have the ability to attract objects made of
magnetic materials (iron, cobalt, nickel, but not wood,
paper, cork, and cloth).

2. Every magnet has two poles of equal strength and
different types (north and south).The North Pole is denoted
by the letter N, and the South Pole is denoted by the letter
S).

3. The area in which the attractive force of the magnet is
concentrated is called the magnetic pole.

4. If the magnet is cut from any part of it, it will have two
poles, and it cannot practically have a single pole.

5. The strength of the magnet is concentrated at each of its
poles and decreases gradually until it ceases at its middle.
(The region in which the magnetic force is absent is called
theinertiaregion).

6 . The straight line joining the poles of a magnet is called
the axis of the magnet

7 . Magnetic poles affect each other with a mutual force
called the magnetic for ce.

8. The magnetic force is a repulsive force between similar
polesor an attractive for ce between different poles.
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Coulomb's law In magnetism

Practical experiments indicate that the magnetic force
between the poles depends on:
1. The distance between the poles (inversely proportional to
the squar e of the distance between them).
2. The intensity of each of the two poles is directly
proportional.
3. Thetype of medium separating them.

Coulomb's law in magnetism :" The magnetic force between
two poles is directly proportional to the product of the
strengths of the poles and inversely proportional to the square
of the distance between them" .

Magnetic field

The magnetic field is a physical quantity created
around natural magnets and around electric currents or
moving charges, enabling it to influence magnetic materials
and other electric currents.

The magnetic field is represented by imaginary lines
called magnetic field lines, whose direction at any point (or
the direction of the tangent to it at that point) indicates the
direction of the field at that point...The direction of these
lines can be detected practically by using a small magnetic
compass needle.

M agnetic field lines of Magnetic figld lines of a
per manent magnets current-carrying loop
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The unit of magnetic field B is "Teda" and is
symbolized by the symbol T, and the Tedla unit is a large
unit and a smaller unit known as the " Gauss' can be used

as;
Tesa= 10" Gauss

Magnetic Flux

Magnetic flux, also known as electric flux, magnetic
flux can be defined as the number of magnetic lines that
Cross a unit perpendicular area.

Suppose dA is an area component of an irregular
surface as in the figure, the magnetic flux is the number of
lines which is expressed by the magnetic field strength B
multiplied by the perpendicular area dA .

il
— &
H

The magnetic flux isdenoted by the symbol ®,,

b, = jB.dA

P, — B.Acos0

Where dA isthe area vector and its value gives the amount
of area and its direction is always perpendicular to the area.
The unit of magnetic flux is:

1Wb=1T.m?
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The value of the magnetic flux
iIs zero if the angle between the
magnetic field and the area vector
1S90 degrees. Thisisbecausein this
case there are no magnetic field
linesthat penetratethearea. In this
case the magnetic flux is zero
because the wvector dA s
perpendicular to thefield vector B .
The value of the magnetic flux is as
large as possible when the angle
between the magnetic field and the
area vector is0 or 180 degrees, and
here the magnetic flux is either
positive or negative. In this case the

IIII1I
4

magnetic flux is equal to BA because the vector dA iIsin the
same direction on thefield vector B and the angle involved is

Z€er o,

If the magnetic flux is positive, this indicates that the
magnetic field lines are in the direction of leaving the
surface, but if the magnetic flux sign is negative, this
indicates that the magnetic field lines are entering the

surface.

(Tenth lectu re)
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Voltage, Current and Resistance

All basic circuitsin electricity and electronics are made
up of three separate but closely related quantities: Voltage
(v), Current (i), and Resistance (£2).

Voltage

It is the potential energy of an electrical source that is
stored in the form of an electric charge. Voltage can be seen
as a force that pushes electrons through a conductor, at
voltage increased, the ability of pushing electrons through a
particular circuit isincreased. And because energy has the
ability to do work, this potential energy can be described as
the work required in joules to move electrons in the form of
an electric current around the circuit from one point or node

(the meeting point of several paths) to another.

The difference in voltage between any two nodes in a
circuit is known as the Potential Difference (P.D.).
Sometimes called " Voltage Drop". The source of constant
voltage is called “continuous voltage” DC, while the voltage
that changes periodically with time is called “alternating or

variable voltage.”
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Electrical Current

Electrical current in the circuit is the time rate of the
passage of electrons that flow from the negative pole of the
battery (cathode) and return to the positive pole of the
battery (the anode). This is because the movement of the
electron is opposite to the direction of the electric field that
emanates from the positive charge to flow into the negative
charge. The flow of electrons is called " Electronic Current
flow". As a result, electrons flow from the negative side to
the positive side.

___’/,,_.._‘\

Electron Flow T

_-\;_..._._/"

Current is measured in ,Amperes, are defined as the
number of electrons or charges, Q, in coulombs, that pass
through a specific point in the circuit per second.

I (Amp) = Q(C) / 1(s)
Generally, current is expressed in microamperes

(uA=10"° A) and milliamps (mA = 10°A). The current can be

positive or negative. The current that flows in one direction
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Is called Direct Current or D.C. ,current that changes
(reverberates) back and forth through the circuit is known
as Alternating Current or A.C. .Whether the current is
continuous or alternating, it flowsin the circuit only when a

voltage sour ce is connected to the circuit.

Consequence alternating currents (and voltages) are
periodic and change with time, they are expressed in the
" effective value® -which is the Root Mean Squared "RMS',
symbolized by | s.

The electric current density

Electric current density, J, is a measure of the " électrical
current strength”. It is defined as a vector quantity is measured
by the value of the electric current passing through a unit

surface. eectric current density is measured in Amperes per m?.

I=.J-A4
Both the éectric current density J and the electric field E
are generated within conductor as long as there is an electric
potential difference applied to the ends of the conductor. If the
electric potential difference is constant, then the electric current
Is also constant. Also, the electric current density is directly

proportional to the electric field strength.

J =gk
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Where o is the constant of proportionality and is called the

conductivity of the conductor.
Electrical Resistance

Electrical resistance of an object is a measure of its
opposition to the flow of electric current. Its reciprocal
guantity is" electrical conductance", measuring the ease with
which an electric current passes. The Sl unit of electrical
resistance is the ohm (£2), while electrical conductance is
measured in siemens (S) (formerly called the'mho' and then

represented by (0).

Ohm's Law

Charges move within a matter in the form of an
electric current under the influence of an electric field
within the matter. Suppose a matter of cross-sectional area
A carries an electric current |, current density J- is defined

astheelectric current per unit area where:

wheren isthe electron concentration and v isthe velocity of

the electrons.
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Also, the electric current density is directly proportional
to theelectric field strength
Where ¢ isthe constant of proportionality and is called
the conductivity of matter. And materials that are subject to
this equation say that they fulfill Ohm'slaw.
Materialsthat satisfy Ohm's law that (electric field and
electric current are directly proportional) are called ohmic
materials. Ohmic and materials that do not satisfy Ohm's

law ar e called nonohmic.

Suppose we have a conductor of length L and cross
sectional area A as in the figure below. If an electric
potential difference is applied to both ends of the wire, an

electric field E will arisein the conductor:

—)_ [

v |

Sincetherelationship between the electric field and the

electric potential differenceis:

We can expressthe electric current density passing

through the conductor as.
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J:O'E:O'% ........... (5)
. I
Becauseit is Jd=-
A

V=J—= : I 6

=I==— 1 (6)

We find from the last equation that the resistance R
has a unit of Volt/Amp and is called ohm and is symbolized

by the symbol €.

Resistivity
Thereciprocal of conductivity is called theresistivity of
the conductor

_1
P

Thus, theresistance of the conductor can be expr essed
In terms of the specific resistance as follows:

l
R:pz

Where p is the resistivity of the conductor and is
measured in (£2.m).From the previous equation, we conclude
that the resistance of a conductor is directly proportional to

its length and inversely proportional to its cross-sectional
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area, and all electrical circuits useresistance asa major part
of the circuit. The resistance is drawn as shown in the

following figure:

—W\«—%—W\J—

Fixed resistor Variable resistor Potential divider

There aretwo types of electrical resistors, the first type
IS a carbon resistance and the second type is a wire in the
form of a coil. The calculation of the resistance value is
based on colored rings, and each color symbolizes a value
from which we can calculate the resistance value, and the

following figur e showsthat.
sy

carbon resistance

Connect resistors

Connecting resistorsin series

Series connection is the method of connecting the
electrical parts (resistors and capacitors.....) in a circuit so
that there is one current passing through all parts of the
circuit in sequence. Thetotal voltage applied to the circuit is
equal to the algebraic sum of the voltages on each resistance,
meaning that
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I=I11=1, =1,

V:V1+V2+ ...........+L;1

R, R, R

To find the equivalent resistance of three resistors
connected in series with a voltage source as shown in the

figure
R1
W
| R2
Aiﬂ..
etenal| R3

We take the algebraic sum of the changesin the voltage
acrossthe closed circuit in the direction of the current

V—IR, — IR, — IRy = 0
V:I(Rl‘l‘Rz‘l‘RS)

So the equivalent resistance ( of the three resistors is
the algebraic sum of thethreeresistors, ie

R.,=R;,+R, +R4
Connecting resistorsin parallel
Connection in parallel is a method of connecting
electrical parts (resistors and capacitors) so that the voltage
IS the same and equal to the voltage of the source, while the

distribution of current on the resistors is according to its
value, where the value of the current is inversely

Prof. Dr. Ghassan Adnan (Ninth Iecture)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Medical Physics - First Stage- Electricity & Magnetism

proportional to the value of the resistance passing through

it.
|1|‘ Lv ‘Iz lu
y 7 K=l =¥y =V
R1 RS RIS
“ " T e s it

' ¥ EE 1T
—=—t—t—=V(—+—+
R, R, R, R (R1 R, Rg)

1
;_:(i_]_i,]_i)
R, Ri Ry Ry
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Electrical Capacitors

Capacitors generally consist of two adjacent conductive
plates isolated from each other, each of which carries two
charges of equal amount and different in sign. The charging
process takes place by connecting them to a battery for a
short period. The types of capacitors are determined
according to their capacity, which is measured in farads.

Electrical Capacitance

Electrical capacitance of a conductor is defined as the
ratio of the amount of charge carried by the conductor to its
electric potential.

Its unit of measurement according to the SI system is
(c/v), which is equal to Farad, and the energy stored in the
capacitor:

1 4
— 0"

1F =1 C?%1.

Ec

The charge Q carried by the conductor is directly proportional to its
electric potential V, that is, the charge placed on the conductor can be
increased by increasing the eectric voltage (Q = C V), noting that the
continuous increase leads to the occurrence of the phenomenon of
electric discharge, as is the case when pumping gas into a container
of constant volume ,where increased pumping leads to the explosion
of the container. The amount of increase in charge depends on
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several factors such as the shape of the conductor, its size, voltage
and electrical capacity.

Types of electrical capacitors
Capacitors can be classified according to their valueinto:

*Fixed capacitors: Capacitors with a fixed capacity
accor ding to the manufacturer.

- Thetype of Fixed capacitor is determined according to
theinsulating material used in its manufacture.

- If theinsulating material between the two plates of the
capacitor is air, then the capacitor in this caseis called
the air capacitor.

- If it ismade of plastic, it is called a plastic capacitor.

- If theinsulating material is made of mica, the capacitor
Iscalled a mica capacitor.

- If the dielectric material is ceramic, the capacitor is
called a ceramic capacitor.

- But if a chemical solution is used as an insulating
material between the plates of the capacitor, the
capacitor iscalled the chemical or electrolytic capacitor.
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* Capacitors with variable value: - Different capacities can be
obtained from them, and they are capacitors whose capacity
can be changed and are often used in communication devices
that require a limited capacity that may not be available or
require a change in frequency when needed, asisthe casein
radio equipment, where the capacitor changes the tuning of
therequired stations. It is symbolized by:

- @

- Electrical capacitors can be classified according to
their shapeinto:

1- Electrical capacitor with two parallel plates

c=3-¢g2
v °d
The electric field between the two plates is uniform

(except for the two ends), meaning that the lines of electric
forceare parallel and equidistant from each other.

2- The cylindrical capacitor

whereas:

| =thelength of the axis of the cylinder.
a=theradiusof theinner cylinder.

b =radius of the outer cylinder.

3- Spherical electrical capacitor

C= q_ 4mEgab
_ _ \% b-a
a =theradiusof theinner Sphere.

b =radius of the outer Sphere.
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4- A capacitor with two wiresof two parallel lengths

T[S()l

q
< i —
vV lng

whereas:

| =thelength of thetwo wires

d = distance between the two wires.
r = radius of thewire.

The importance of using insulating material

1- The plates gain durability and are less susceptible to
damage.
2- The capacitor isless susceptibleto electrical breakdown.

3- Because the dielectric strength of insulators is greater
than that of air, which increases their tolerance to voltages.
For example, the dielectric strength of air is 800 v/m, for
paper 1400 v/m, for mica 1600 v/m.

4 - The value of electrical capacitance increases by the
dielectric constant of theinsulating material.
Affecting Factors the capacitance of a capacitor

According to the equation below, there are three main factors
that directly affect the capacitance of a capacitor. Thesefactorsare:

C= &=
m Surface area of capacitor plates (A):
The capacity of the capacitor isdirectly proportional to
the surface area of the plates. If the surface area of the plate
Increases, the capacitance of the capacitor increasesin order

to increase its absor ption of electric charges. Conversely, the
capacitance of the capacitor decreases asthis area decreases.
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m The distance between the capacitor plates (d):

The capacitance decreases when the distance between
the plates increases and increases as that distance decr eases,
that is, there is an inverse proportion between the
capacitance of the capacitor and the distance between its
plates.

mThe dielectric constant (€) of the insulating material:

The capacity of the capacitor changes with the change
of the insulating material between the plates of the capacitor
as a result of the change of the dielectric constant, as each
material has its own dielectric constant, and air is the basic
unit for comparing the ability to isolate other materials used
In the manufacture of capacitors. The dielectric constant ()
iscalled the upsilon.

Methods for connecting electrical capacitors

1-Series Connection

This connection is characterized by the stability of the
charge and the equivalent capacitance decreases as a result
of the increase in the distance between the two plates of
equivalent electrical capacitance with the stability of the
area of the two plates and the type of insulator.

AV, AV, AV

i e
gl g0 3 0D Salaies

(€)
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_ Q
C =AY
. Q
&2 =y
_Q
Cﬂfl_ Avtntal
ci ]
l AY o =BV AV,
= T Q _Q _ Q
Ceq C] CE
& T 1 1
s E G
L1 1
Ceq Cl CZ
1 ) i - 1 b 1 " I
s C, G, C; Ca

2-Parallel Connection

This connection is characterized by the stability of the
voltage and the equivalent capacitance increases as a result
of the increase in the surface area of the two plates of
equivalent capacitance with the stability of the distance
between the two plates of and the type of insulator.
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C s in

o ¢

K AV b | -
— L —

ALy g 5 ) lania

AV -AV,-AV, _AV

battery

Q,=C, AV

= Q =C AV

=7 XAV
eq

‘total

thal= Q] = Q2

ch %AV =C AV + C2 AV

G mv=av-[ C, +Cz]

€q

-C - C,
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Electric Potential Energy

The potential energy of a group of point charges is
known as the work that must be done to collect these
charges by bringing each charge from infinity.

We assume that the charges are at rest and when they
are at infinite distances from each other, the energy can be
calculated for a group of two charges, ¢, and g;. Moving the
charge g, from infinity and placing it in a place does not
requiredoing work.

Wl: 0)

But moving the charge g, from infinity and placing it at

adistancer from g, requiresdoing work of:

W=V (13)
Where V; representsthe electric potential of chargeq, at a
distancer

It isthe same asthe potential energy for a point charge
_ 1 %%
P~ ey T

Voltageisthe potential energy per unit charge

EP = quAB
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Electrical Potential and Potential
Energy for Charge Point

In the same way, we can calculate the potential energy
of a group consisting of three charges.

W, =0
W, =q,V;
1 9.0,
4peo r.12
W; =qyV; +q,V,
1 0,0, + 1 q,9,
4peo r13 4peo r23
The algebraic sum of thethree quantities

W, =

W, =

E, =W, +W, +W,

1 qQq, + 1 qQ, + 1 q,0q,
4peo I’.12 4peo rlS 4peo r23
g = L gqlqz L0 %%8

4pe, & 1, I3 s

E, =0+

The energy principle

The law of energy conservation applies to the
movement of any charged body in an €electric field, such as
the movement of an electron or an ion.

Every charged partical in an electric field has potential
energy resulting from the work done to move it against the
electric force.

Thework-energy relationship

W = AEy
q(V, = Vi) = -mVZ+-mV2 ... (15)
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Equipotential Surface

A surface in which all points are of equal potential. These
surfaces are perpendicular to the electric field strength E,
meaning that these surfaces are perpendicular to the electric

field lines.
Vv Thework required to move a test char ge between two pointson
equipotential surfaces must be zero.

The figure shows two parallel plates between which the
electric field is uniform. Equipotential surfaces are flat and
paralle

yvyvwy

\|'++++++|

In thefigurebelow, it representsafield created by a
positive point charge, Concentric spherical equipotential
surfaces.

The equipotential surfacesof adipolearerepresented
by the figure below
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The equipotential surfaces are crowded and close to
each other in the region where the field is strong. While the
equipotential surfaces are far apart in the region where the
field is weak.

Characteristics of equipotential surfaces
1. All points of the same surface ar e of the same voltage.

2. Transferring the charge between the points of the same surface
does not requirethe completion of work.

3. Lines of the electric force act vertically on the equipotential
surface.

4. Equipotential surfaces do not intersect with each other.
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Electrical Potential for Charge Point

To find the amount of electric potential in a point such as
B located near a point charge, wefirst find a relationship for
the potential difference between points A and B located in
the electric field of the positive charge (+q) at the distances
r, and rg respectively as shown in Figure (2).

+q " B A

} Iy i

Ty i

Equation (4) is used to calculate the potential difference
between points A and B:

Vg - V, = - OF cosqdr
A

E=_+ ar

4pe, r1°
E representsthe electric field strength at a point in the space
surrounding charge (+q) and away from it r

\ V.-V, =- 1 Egcosqd—z
€, r
V.-V, =- ! z‘ﬂcosod—z
e r

V.-V, =- 9 ‘d2:- 9 g.lu
L]'peof;\r 4'peog rH(A
g el 1u
Vg -V, = &~ —0 e 7
SR A o

Now if the position of point A (or B) is made at infinity
or very far from charge (g), then (ry=w)or (rg= )
becomes (V,=x) or (Vz=x)and by substituting these
values for r,and r into Equation (7) we obtain the value of
the absolute voltage at point B (or A). For any point at a
distancer in thefield of charge (q), we get:
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_1q
v_4pe0r ........ (8)

Electrical Potential for Groups Charges Point

To find the voltage for a group of point charges g, 0y,
..... Jn, Which are at distances rq, r,, and..... r, from a point
such as p located in its electric field, calculate V4, V,, ..... Vi
each charge separately at point p as if the other charges
were not present, i.e.
vt y-14a

4pe0 r.1 4pe0 I‘2

Thus, the total voltage is the algebraic sum of the
individual contributions. Once again, thisis the principle of
superposition, but here it is using scalar quantities and in
the following form:

\v=—34 9

where r,, is the distances at which the charges g, are
from the point under consideration.

Electric potential of connected charges

When the charge is distributed in a continuous
distribution, such as the charge is distributed on the surface
of a conductive body or distributed within a certain volume
in a continuous manner, then the voltage arising from it can
be found by dividing the charge into a large number of
differential elements dqg and then calculating the voltage dV
arising from each element of dq at a point far away r for the
differential element, ie

Prof. Dr. Ghassan Adnan (Sixth Iecture)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Medical Physics - First Stage- Electricity & Magnetism

1 dq
4peOT
In order to find the total voltage arising from the entire
charge, the integration process is carried out for all the
voltages arising from the differential parts, i.e.:

dv = oo nn(10)

1 .dq
.......... 11
4peoor_ (11)

V=gV =

Difference Potential
It isthe work doneto move a unit charge between two points
in an electric field

,E cosqdr

>9,w

Go o

B
Vg - V,, =- (Ecosqdr
A

Where V, and Vg are the voltages at points A and B
respectively, point B represents a higher voltage than point
A. Like a battery, it has two poles. We denote the high
voltage pole with a sign (+) and the low voltage (-). We will
denote the voltage difference between two points, such as B,

A, with the symbol Vg .
Vag=Va- Ve

If the difference is positive, it indicates that point A is
at a higher voltage than point B, so external work must be
doneto transfer a positive charge from point B to point A. If
the difference is negative, then point B is at a higher voltage
than point A. The work will be done by the field when the
positive chargeis allowed to move from A to B.

Vag=Va-Vg
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Vea=Vg—-Va=-Va+ Vg
VBA:'(VA'VB)
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Gauss’s law

through any closed Gaussian

surfaceisequal to:

the net electric charge inside the surface divided by
the vacuum permittivity" .

1 nn % 4‘-
Gauss'slaw statesthat " the net flux o — }( E.dA.
S

%) =55§ dA = _ (g1 +q2+93 +.tqn)

Closed surface: It is a compressed and unlimited
surface, in the sense that it divides the space - with the
exception of itself - into an external and an internal
part. Examples of closed surfaces ar e perfect bubbles,
Dyson spheres, or the filed in which the object will be.

To calculate the electric flux produced by an
electric charqge
7
dA

We assume that there is a spherical
surface surrounding the charge called
a Gaussian surface, and the flux is
equal to:

®=¢E.dA=E§dAcosd = E$dA cos0

q q q
®=——0dA=——4mr’ =—
4T1te,r 4me,r €,
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It is noted that the €lectric flux through a Causs
surface is proportional to the charge inside the
surface.

Example 1 :In the figure below, calculate the total
flux (0) of the surfaces: s1, Sz, S3 & Sa

For S; the flux F = zero
For S, the flux F = zer
For S; the flux F = +2Q/¢e,

For S, the flux F = -20Q/¢e,

To calculate the electric flux produced by an
electric field

The first case: the electric flux

of a plane area perpendicular N
to a uniform €lectric field as /l'

in the figure — .
To calculate the eectric flux, — = S =—F¢

the number of lines is — = ° .
proportional to the value of 7/
the electric field. Therefore,
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the number of field lines that penetrate the surface of
an areaisproportional to the magnitude( EA).

So the electric flux is defined as the dot product
between the electric field (E) and the surface area (A)
per pendicular tothefield:

The second case: the electric flux of a surface makes
an angle (0) with a uniform field,

asin thefigure. )

AL
The flux has a maximum value v =
when the surface is perpendicular —7 5‘ 3
to the field, that is, at (6 = 90), —
and it has a value of 0 if the 4

surfaceisparallel to (6 = 0).

Thethird case: the general case, which isif thefield is
irregular and penetrates an area. The flux is
calculated through the formula:

Lo

Where the perpendicular component of the electric
field is taken with respect to the area, the net flux is
proportional to the net field lines that pass through an
area.
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Example 2. Calculate the total flux of a closed
cylinder of radius (R) placed in a uniform electric
field.

We apply Gauss's law to the three surfaces shown in
the figure above:
@-¢E .dA- $E .dA+ §E .dA+ $E .dA
(1) (2) (3)

O=¢FE dA= §E dAcos 180+ §E dA cos90 + $E dA coso
(1) (2) (3)

Sincetheelectric field is constant:

(H.W.1): Calculatethetotal electric flux of acubein a
uniform electric field.

(H.W.2) A cylinder of radius (R) charged with a uniform
charge (p) Calculate the dectric field at a point far (r)
from theaxisof thecylinder (r<R).
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Electric Potential

Voltage Difference and Electric

When an electric charge (+q) is placed in an €electric
field, the field will act on it with a force of magnitude (gE)
and its direction is with the direction of the electric field. If
we want to hold thischargein place, we must exert a for ce of
(-gE) onit.

Let's consider a positive test charge(q,) originally
located at point P within a non-uniform electric field, as in
Figure (1). When moving it to point B along path a, we have
to do work with an external factor against the electric force
so that the movement of the charge always remains in
equilibrium. The potential difference between points A and
B within the electric field is the work done against the
electric forceto move a unit positivetest chargefrom A to B.

=N
%

= iJu {‘I'GE

b

The potential difference between points A and B is defined
asthework done (Wyg)per unit charge, i.e.:

The Sl units for potential difference are joules per
coulomb. We will call this derived quantity a volt relative to
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the Italian scientist Alessandro Volta (1745-1827). There are
parts of this unit that are used to measure small voltage
differences such as the millivolt (mV), which is equivalent to
one thousandth of a volt, and the microvolt (uV), which isone
millionth of a volt. Large voltage is expressed in kilovolts
(KV), which is equivalent to one thousand volts, and
megavolts (MV), which is one million volts.

Since work is a numerical quantity, the potential
differenceisalso a numerical quantity.

To measure the voltage at any point, it is agreed that
the voltage of the points that are very far from the charges
should be equal to zero. If we choose point A in (infinity) the
voltage V, becomes zero, and by substituting in equation (1)
we get the voltage at point B.

So the definition of voltage at a point is the work per
unit charge that must be done to transfer a positive test charge
from (infinity) to that point (or from a point of zero potential
to the point concerned) and the mathematical relationship is:

Here it is necessary to point out an important point
related to the potential difference, which is to consider the
earth's voltage equal to zero and to take it as a standard
reference for many electrical circuit issues.

The Relation between Voltage Difference and Field
Intensity

To find the relationship between the potential
difference V and the field strength E, it is necessary to
calculate the work that needs to be done by an external
factor to move a positive test charge (q,) in an irregular field
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and on a wavy path between points A and B without
acceleration asin Figure (1).

| f we assume that the charge go moves along the path a
without acceleration, then thisrequiresthat (g,) at any point
along the path between A and B fall under the influence of
two opposite for ces:
thefirst : isimposed by the electric field and its magnitudeis
(0.E) and isin the same direction asthefield, and
the second : isimposed by an external factor of magnitude

(-0oE) and isIn the opposite direction of the field, the work

done becomes:
B
W, = - (1o E cosqdr
A
Or
We _ 5
=-¢Egcosqdr . (3
qO A

where dr is a differential displacement on the path a
acts an angle 6 with the direction of the electric field. If we
compare equations (1) and (3), we find that the potential
difference between points A and B isequal to:
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B
V- V,=-gFcosgar (4)
A

By connecting equations (3) and (4), we get:

WAB

V.-V, =
B~ Va o

<— =

4
Veg-Va= M:
G p
That is, the amount of work done on this charge(q,) is
equal to the changein its potential energy (P.E).
In special cases where the field is uniform and parallel
to the path of the charge, the movement of the charge in a
direction opposite to the field strength makes the angle 0
between E and dr equal to 180°, and equation (4) becomes as
follows:

B B
V,-V,=-¢Ecosl80dr =Egdr =Ed ... (6)
A A

As d representsthe length of the path between points A
and B. It appears from equation (6) that the electric field
strength can be expressed in units (volts/ meters).

HW.. Match the wunit (volt/meter) to the unit
(newton/coulomb).
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The Electric Field

The electric field created by the large charge at the
position of the test charge is defined as the electric
force acting on the test charge per unit charge or
mor e specifically that the electric field vector (E)at a
point in space is defined as the electric force (F,)

acting on the charge Test positive placed at the point
divided by the test charge.

The vector (E ) has a unit in the (SI) system of
(Newton per Coulomb (N/C)), the direction of the

field (E) as shown in the following figure is the

direction of the electric force (Ft) to which the test
chargeissubjected in thefield.

Point Charge

Charge Source

Equation (1) can berewritten as.

This equation shows the force acting on a charged
particle (q) placed in an electric field. If the charge is
positive(+q), the electric force is in the same direction
of the electric field. But if the charge is negative(-q),
the electric force and the electric field are in opposite
directions.
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Notice: the great similarity between the electric
field equation (F = qE) and the Earth's gravitational

fidd equation (F=mg) . Once we know the
magnitude and direction of the electric field at a
particular point, the electric force exerted on any
charged particle placed at that point can be calculate
from equation (2).

According to Coulomb's law, the force exerted by (q)
on the test chargeis:

Where 7 is a unit vector and directs from (q) to (qo)
thisforce shown in the following figure:

To

If the charge (q) is positive, then the force acting on
the test charge (q,) is in the direction away from (q).
Because the éeectric field at point P (where the test
charge is located) is defined as (F = qE), so the
electric field at point P resulting from charge (q) is
given by the formula:

Ec=keZ fnin(3)

Electric Field Lines
To describe the eectric field, it is done by drawing
lines known as €lectric field lines, and the first
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scientist to present the idea (Faraday), in the
following way:

.The dectric field vector (E ) is the tangent to the
electric field line at each point, the line has a direction
determined by vectors of the same magnitude as the
electric field vector, and the direction of the lineisin
the direction of the force acting on a positive test
charge placed in thefield.

.The number of lines per unit area passing through a
surface area perpendicular to thefield linesisdirectly
proportional to the magnitude of the electric field in
that area. As the electric field lines are closer to each
other when the €electric field is strong and the €electric
field lines are farther from each other when the
electric field is weak. These properties are shown in
the following figure

The magnitude of the electric field at surface A

is greater than the electric field at surface B

A
The density of the field lines passing through the
surface (A) is greater than the density of the lines
passing through the surface (B), so the amount of the
electric field is greater on the surface (A) than the
surface (B), the lines at different locations appear in
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different directions. Therefore, the electric field is not
uniform.

Electric field lines representing the field produced by
a positive point charge are shown in the following
figure

The direction of the field lines of a positive The direction of the field lines of ancgative
point charge is outside of the charee point charge is inward to the charge

Note that: the field lines become closer to each
other as they reach the charge, which indicates that
the electric field strength increases as we approach the
sour ce of the charge.

The rules for drawing electric field lines are as
follows:

*The electric field lines start at the positive charge and
end at the negative charge. In the case of only one
charge, the field lines begin or end in an infinitely
faraway place.

*The number of lines that leave the positive charge or
reach the negative charge is directly proportional to
the amount of charge.

* No two electric field lines can inter sect.
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The number of field lines leaving the positive charge is
equal to the number of field lines ending at negative
charge.

The number of field lines leaving the positive charge
is equal to the number of field lines ending at negative

Electric field strength: An expression of the
number of €ectric field lines that traverse
perpendicularly per unit surface areaA.

Directional flux (radiative)

We can say that the electric field flux through a
surface is the value of the electric flux that has passed
through it. We conclude from the following example:

Suppose we put a cloth cover in a tube through which
water flows. How much water flowsthrough the cap?

The answer will be: the product of the average
vertical component of the velocity by the area of the
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cloth cover. Thisis called: flowing through the cover
cloth.

Why do we use the vertical vehicle(n)? Becauseit is
with thedirection of flow.

The Electric Flux

Electric flux (@): It is a measure of the number of
electric field lines that pass through a given area. It is
the number of electric field lines that vertically
traverse an area of a surface.

Its symbol is (@) and its direction is towards the
perpendicular to the surface. Its magnitude is the dot

product of thefield vector and the area vectorA:
®=EA=EFEAcos0.......... (4)

Where (0) is the angle between the direction of the
electric field and the perpendicular to the surface (the
surface vector(n)).

To facilitate the calculation of the electric field for a
continuous distribution of charge in the form of a
longitudinal, surface or volumetric distribution, we
use " Gauss's Law". Gauss's law is based mainly on
the concept of electric flow resulting from the electric
chargeor electricfield.
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Electrostatic Force
Properties of Electric Charges

The text of the law of conservation of charge:. -
Charge cannot be Created or Destroyed .

Electric chargeisalways conserved in an isolated
system. That is, when we rub two objectstogether, the
charge formed does not arise out of nowhere. Rather,
it results from a state of electrification (the charging
process) as a result of the transfer of charge from one
body to another.

One object acquires a specific negative charge,
while the second object acquires a positive charge of
the same amount. For example, when arod of glassis
rubbed with a piece of silk as shown in Figure (1), the
silk gets a negative charge equal in amount to the
positive charge that formed on the glassrod.

A negatively charged robber rod aftached to a A megatively charged rubber rod attached to a
rope repels a negatively charged rubber rod rape attracts a posirively charged rod of glass

il B | il B |

rubber rubber

__——'—__'J 1 e

i F o e
e —— e

'I' .'t;_l,"_ glass i .rub'b-er

Figure 1; Electrical forces between
{a) Two charged particles with different charges
{b) Two charged particles with similar charges

From the atomic structure, we conclude that
electrons are transferred during the rubbing process
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from glass to slk. Similarly, when a rubber rod is
rubbed into a piece of fur, electrons move from the
fur to the rubber, which shows a negative charge on
the rubber and a positive charge on the fur. This
process occurs because uncharged neutral materials
contain a number of positive charges (protons inside
the atom nucleus). equal to the number of negative
charges (electrons in orbitals surrounding the
nucleus).

Type of Charge

1- positive electric charge + protons (p +)
2- Negative electric charge - electrons (e -)

Electrons have a negative charge (e-) and the proton
has a positive charge (e +) equal to the charge of the
electron, but with an opposite sign.

The smallest unit of free charge in nature is the
electron charge, e. It is (—e) for an electron and (+e)
for aproton. It hasthe following value:

(e=1.60218 x 10™ C).

The charge and mass of each of the electron, proton
and neutron are shown in Table (1). Note that the
electron and proton are the same in the amount of
their charge, but they differ in their mass. On the
other hand, both the proton and the neutron have the
same mass, but differ in charge.
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Table (1): Charge and mass of the electron, proton and neutron

Particle Mass(kg) Charge (C)

Electron, (¢) | 21094 107 - 1.6021765 = 10™

Proton (p} 167262 % 10 +1.6021765 < 107
=27

Neutron (1) 1.67262 > 10 0

Very important notes

1- The proton isinside the nucleus of the atom and
its chargeispositive and its magnitude is equal to
the magnitude of the charge of the electron.

Matter is made up of atoms, and each atom
contains;

(a) - the nucleus and contains positive (p +) protons
and neutral neutrons

(b) - Electrons (e-) rotate at a very high speed
around the nucleus and have a negative (-) charge.

Note: Atoms are electrically neutral when the number
of electrons equals the number of protons (the
negative charge eguals the positive charge)

2- The charge of an electron or proton is the
smallest unit of charge, to measure charges.

Prof. Dr. Ghassan Adnan (first Iecture)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Medical Physics - First Stage- Electricity & Magnetism

3- The charge of any charged body is an integer
multiple of the charge of the electron. To calculate
the number of electronsfor a charged body.

Electric charge (g) is quantized, where q is the
symbol used for charge. This meansthat the electric
charge exists as discrete packets, and we can write
that (g = + Ne), where N isan integer.

4- The amount of charge of an electron

(C is1.60218 x 10™), where (C) means a
coulomb,and 1coulomb = 6.25 x 10* electrons.

5- Electron mass = 9.1091 x ™ K g.
6- parts of a coulomb:
millicoulomb (1 mC=10" C),
microcoulomb (1uC=10° C),
nanocoulomb (1 nC=107C),
picocoulomb (1pC=10"C).

Materials can be classified according to the ability
of their electronsto move within the material:
Electrical conductors: are materials that contain
free electrons that are not bound to atoms and can
move frealy within the material.

Materials such as. copper, aluminum and silver are
good conductor s of electricity.
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Electric Insulator: They are materialsin which all
electrons are bound with atoms and cannot move
freely within the material.

Materials such as: glass, rubber and dry wood.
Semiconductor :is the third class of materials
whose electrical properties fall between insulating
and conductive materials, such as. dlicon and
ger manium.

Coulomb's Law

The electrical interaction between point charges (a
charged particle of zero size) can be studied through
an electric force known as the " Electrostatic Force"
arising between two stable charged particles through
Coulomb's law, which states " the force of attraction or
repulsion between two charges in vacuum is directly
proportional to the value absolute net of the product of
their charges, and inversely with the sguare of the
distance between them" .

F

-Q @—
°F e

1
1
1
1
|F| |F| % |q Q| b :

Where (k) is a constant known as " Coulomb's
Constant" . Electric forces are conserved forces, just
like gravitational for ces.
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The value of Coulomb's constant depends on the
choice of units. The unit of electric charge is the
coulomb and it is denoted by the symbol (C) and the
coulomb constant (ke) in standard units (SI) has the
value:

ke=8.9876 x 10° M.n?/C?
The constant (k.) can also bewritten as:

Whereas the constant €, (pronounced epsilon) is
known as the "Permittivity Constant” of a
vacuumhasthe value:

Newton's law of universal gravitation

It states that: any two objects in the universe have
an gravitational force between them that is directly
proportional to the product of their masses and
inversely proportional to the square of the distance
between them.

Where G isthe universal gravitational constant
G =6.67x10"(N.m?/K g
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