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Figure 11.1: Coulomb force between (a)
similar charges, and (b) opposite charges.







the permittivity of the medium.
_ dium compared with the permittivi
‘pefrmittivity or dielectric constant & for

srmittivity for various dielectrics are given in Table 11.1.
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the force that a charge will experience if it is placed at
in whlch thls unit posmve test charge move or tends ta

field strength and its direction at that point is de'noted by E
> field intensity. Thus the field strength is the magnitude of




Figure 11.2: electric field intensity due to a
point charge.
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11.4: Electric lines of force around a charge

adially inward and decreases as we move outward
 around a charge helps in visualizing the field.
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of electrostatics %

machine that makes quickly and easily copies of documents.

pier is the drum, an aluminum cylinder coated with a layer of
wn in' Figure 11.8 @). Aluminum is an excellent electrical

on the other hand, is a photoconductor: it is z.a insulator in the
conductor when exposed to light.

copied is laid on the glass plate, then the photocopier perform

€d a corotron gives the entire selenium surface a positive

and mirrors focuses an image of a document onto the . . &
and light areas of the document produce

ing and lose their positive charge, en
age of the document
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= pass through heated pressure rollers, wh

the paper and produce the finished copy.
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1. Charging drum 2. Imaging the dni
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charged toner

3. Fixing the toner 4. Transfe i
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_Fiﬂi.stb): Laser printer with a static laser scanning unit,
| butmovable mirror

AT LY
her type of printer that uses electric charges inits
and forth across the paper, the inkjet - a4

nts of one type of inject printer




etween two oppositely charged plates.

‘_1-9:-'chjarglng ofinkdropletsb

to be plaéed on the paper, the charging control, responding t0
om the computer, turns off the electric field. The uncharged droplet
ug}}-ﬂle,deﬂection plates and strike the paper. - '

., differences between laser printer and photocopier?
-applications of electrostatic.

at a distance of 50cm from the centre of the
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Figure 11.12b: positive, negative and zef
fluxthrough a close_surface '




complicated.

od to calculate the
siven charge distribution
m called Gauss' law.
ides a relationship between
cal flux @ through a closed

d surface is equal to the total

losed by the surface divided by

derive the expression for Gauss's
r a spherical closed surface of

N
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Gauss was a German
mathematician and scientist
who contributed significantly
to many fields, including
number theory, statistics,
analysis, differential
geometry, geophysics,
electrostatics, astronomy and
optics. '
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1 small element AA is

2 c080 = E2AA;

.EnAAn COSO = EnAAn

the entire surface is

d intensity E is constant over the sphere

Ezwaﬁ:e AA




Fig 11.14 : flux through an irregular close
surface g




/On a conductor, flat or curved, |
4 all charges are repelled 1
A to the outer surface. £
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Figure 11.18 : an excess of charge on the' outar .
surface of a hollow conductor :
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Figure 11,20 : Alrlines Ajx
A380 flew through a stor
when 500 peoples w
“the board but none of them
were Injured. As there s ne
electric field, no potentia)
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during thunderstorm. i
g |
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> electric field at point |
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. perpendicular to

Figure 11.21 : Gaussian surfacein the form_' -.
eylinder perpendicular to the sheetof ¢ _

G A. Since we know by Gauss"
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Figure 11.22: Gaussian surface in the form of abox

between the plates ]
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e per unit area is ¢ and the charge enclosed in the box is gA. So




anequivalent
erence between

1e in moving a unit
point to another
electrostatic

Figure 11.23 (b) : potentia! difference |
between point A & Bin electric field.




required to move a charge O from one point to 2 noth
e between the two points is given by, :
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ial at any point in an electric field is equal to work done in
‘?odtive_.cha:rge from infinity to that point keeping it in
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st charge is at a large distance r4 from charge 0. We divide
and 7 into infinitesimally small displacement so that the
h displacement remains constant. At the beginning of the

es as 1/rs° and at the end E varies as 1/r;* since the
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placed at point O between M and N, 3cm apart. Point}

N is lcm from the charge. What is the potential
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> to all cmgeiis equal to the algebraic sum of
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very difficult to represent in a diagram. Both strength and
ed at every point in the field. As an alternative to field-line
of the electric field can be drawn using equipotential
e connects points in space where the potential of an
ne as shown in fig (11.26).




Figure 11.26(b) : equipotential lines due to two
charges :
; e o iS
» Ar from point A to B then

ualto the decrease in electric Potential
rgy is the charge times potential) T

.




the field is opposite to thg'
relanonshlp between fiel

unt of energy acquired or lost by an electron
points between which potential difference is one
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negative plate.
—Q appear on the
~attraction between
keeps them bound on
surface of two plates and
harge remains stored in

even after removal of

A

HB:21.28 Capacitors use in different electronic devices.
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wpacmnce of capamtor The value of C de
distance between the plates and the medmm

ned as the ratio of magnitude of charge on either plg

» produced between the plates. s

olt in Eq. (11.29) it reduce to Q = C. This implies that if
e between the plates of capacitor is 1 volt then the amoun
s is equal to its capacity. The SI unit of capacita
defined as “the capacity of that capacitor which ste
ing the potential difference of 1 volt between the plates




Figure 11.29 : plates of a capacitor .
separated by adistanced

... (11.30)

Eq(11.30) becomes

(11.31)




the area of the plates,

'm:eﬂ;umbetween them. The larger the
the dielectric constant of the separating
itance of the capacitor.
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ors to the capacitance of the same capacitor when the space
bﬁwe perm:tnvzty &, of the material.
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1n a circuit, as
, then it is called
. capacitors. Three e oy B
)3 are connected in Figure 11,30 (b): parallel
nts A and B. The combination of capacitors

een the plates of each capacitor is the same and 1s equal
erence Vie V=V =V,=V,

1o the capacitors C), Cy, and Cs, they acquire dlffcrent _
, and Qs respectively depending upon their capacitances.
e of an equ;valent capacitor, which would hold the same

(11.35) | |
combination is always a




ol have their positive and negative ct
the molecules to be oriented slightly in the
acitor. As electric field due to induced charges is oppog
eld so it reduces the intensity of external field due
of the capacitor.
ric materials
. two types of
- non polar
lar molecule
manent dipole;
neutral as a
in NaCl the end
is positive while

jith Chlorine ion is

nd, a non-polar
~ has no electric










y the capacttor is uncharged when voltage i
irce of potential difference V it is charged.

~ 15 uncharged, the potential
deposned on the plates the
een the plates becomes V. The

capacitor during the charging
1e energy stored in a capacitor,

s4L1:37)

N a capacitor. with a voltage V

Figure 11.34: Energy
stored in the large|
capacitor is used
preserve the memo

an electronic calcula
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ween the plzites. Let u denote the energy den ._g__-:

a unit volume of the field. Then
wt

.. (11.40)

ND DISCHARGING A CAPACITOR I -

meras have to be left for a short period of time betwee

ide that
T be
in
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¢ force between two point charges s
¢ of magnitudes of the charges and
\are of the distance between them.
“around a charge in which an electric test -
n electric force. The existence of electric field
test charge ¢, into its field. e

ed in the electric field. © = EA = EA cosb
jal to the electric field E then electric flux is

igh any closed surface is 1/¢, times the total charge

1 for storing electric charges is called capacitor. 'I'hé
2 is called farad.
another unit _of energy and is related to joule as

‘made up of the two types of molecules ;polar

ent is termed as a dipole.
& <capactor is in the form of electric




s being given to a conductor. Then its potential
m at surface
1m at centre
‘same throughout the conductor
somewhere between surface and centre

atial of earth is taken to be Zero becausé the earth is good:




s subjected tﬂ. 4000 |
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tec between the plates of a capacnor

ess of charging and discharging a capacitor. Give
nd mathematical expressmns for the growth and decay
eapacltor

al is constant through a given region of space. Is tk
OF NON-Zero in this region? Explain,

m is released in a non
the same dlrectlon will it make a recti

-uniform electnc ﬁe d:







~and directmn of electric mtensny E
roes? What force would act on

- charges of 15 x 107 C and 13x10'°C are
: rk done in bringing the two charges 4 cm cl
o (7.31x10-*
charged to 14uC. Find the potential (a) at its 1
c) at a distance of 0.2m from the surface. The

. (42x10*V, 42x10*V, 25.2x10° V)
;-:;inne in carrymg a charge of 2C from a place W




ge on each

33.2V, 66.6V. 12uF, 200V, .08uC, .16uC)

pacitance 4uF, 6uF and 8uF respectively
a 250V d.c. supply. Find (i) the total capacitance
ch capacitor and (iii) P.D. across each capacitor. |
(1.84 p F, 460x10-°C, 115 V, 76.6V and 57.7 V)

20 pF, C; = 12pF and the insulated plate of C; be at

the Pl_-at_cs- of C;, three capacitors being connected in
(244 V)




of B and the r

ve of B. Find the final

B (120 u C, 36
' a P.D. of 120V and then conr

cted in parallel with each other. Calculate t
h capacitor.

(88.8V, 710 C, 888 nC




pter the students will be able to
of steady current.

ind explain its dependence upon temperature,
e and conductivity of conductor.
cteristics of a thermistor and its use to measure low

between e.m.f and p.d. using the energy considerations,
ternal resistance of sources and its consequences for external

sources of e.m.f.
tions for maximum power transfer.
uple and its function.
n of thermoelectric e.m.f, with temperature.
first law as conservation of charge to solve problem.
econd law as conservation of energy to solve problem.
f rheostat in the potential divider circuit.
atstone bridge and how it is used to find unknown

tentiometer to measure and compare pote
rom the circuit. T
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"material such as germanium

partly by motion of vacancies

1s and act like positive charges we ¢
| area A to be the net charge flowing

A
ws through an area in a time 7, the current [is

{12.1)

omb of charge flows across any cross section of
The submultiples of ampere are:

=IlmA=1x10"A
e=1pA= 1x10°A







o your head and hooked by
luctuations resulting from ionic current
s electrical charge is maintail
. electrically charged i(or "pola
t pump ions across their membranes.
stly of Na+, K+, Ca++, and Cl- ions that are pumg
~ membranes. The computer records yourt
or on paper as wavy lines. Thus the poten
electrical activity of the brain is used for diagnosi
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beys Ohm’s law, a graph of current :
passing through the origin Fig. (12.:

' e-tane__i l

stant for ohmic conductors. The Ohm’s law
al. ;I‘hose materials for which the slope of I verse
| non-Ohnmc materials. For examples Fig 12.3 ;_\
ic characteristics of the filament of an electric i:‘_.__.j

nductor diode respectively. The I-V graph for a

h bends over as V and / increases, indicating that 2

spondingly smaller change in / at larger val
increase of voltage.




for thﬂ_r.mistor bends upward shows that T

_fbmperature rises. The 1-V graph of a semiconductor
o non-linear graph. The current passes when the ve
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electric current. The moving electrg
e substance, each collision resulting in the

e

b=
i
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WHICH RESISTANCE DEPENDSI

through a wire they experience resistance and lose
ns flow on longer path they lose more energy. Itis
that the total resistance of a wire |

il




1m’, then R = p

ce of a material is the resistance offered by lm
al having an area of cross-section of 1m?. The unit
). The resistivity of a substance varies over a
der, the following table may be referred.
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cific resistance of most materials increases linea
The equation, (12.7) also apply to p . At tem

‘material is given by

...(12.9_)

..(12.10)
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Figure 12.5
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) is a heat sensitive device v
tance changes very rapidly
lowing important properties.

nistor changes very rapidly with

e from semiconductor oxides of
in the form of discs or rods. Pair |







yurce is required by most electrical circuits
. The circuit' therefore must include a d

crence between two points in the circuit, ji




—;.___I B
12.10:Electromotive force: |

wR12.11)

| at the ends of terminals of a battery when circuit is open is also

- the joule/coulomb, which is the volt (abbreviation )

1 volt = 1 joule/coulomb

“Information '

untain requires a pump, an clectric circuit requires a source of

to sustain a steady current. In an electronic circuit there must be a ]
in the loop that acts
p in a water fountain.
‘charge travels uphill's
' potential energy
electrostatic force is
m higher to lower
e direction of current




at energy into electrical energy.

nverts sunlight directly into electrical ene
“ 3 . . g 1

e.no load, the P.D across the terminals will t

some load resistance 'R’ is connected 2

I starts flowing in the circuit as shown in Fig
drop across internal resistance r of the cell s

be less than €. The relationship between € an

i’

inal voltage of the cell







'ﬁliy valid for calculation of electric
sed depends simply on the known quant

- The unit of power in SI is watt . A power of

tﬁroug_h it.
1 Watt =1Vx1A

et are kilowatt (kW) and mega watt
‘W =1000 watts =10° watts :

10° watts




. W= IRt
B (114 o0

the details of load and a circuit connected thrc

: each working for 4 imurs per day.

watts each working for 2 hours




4460 watt hours

4.46 Kwh

4.46x30=133.8kwh
7x133.8

936.6 Rs

__ istor which must be placed in series
order to limit the power dissipation in




m Ttns is accmphshed by proper mai .
istance r.
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Figure 12.13: internal resistance of a batt
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eck searched experimentally for a relation b
two wires of two dissimilar metals to
one junction is heated to a high temperature, an
cooler temperature then the galvanometre co
n. This is known as Seebeck Effect.

thermoelectric e.m.f. The resulting

silver




"T_ofthetempcramre}"cftbehet
ined at 0°C. Its temperature dependence is gi iy

..(12.16)

3 are constants (called thermoelectric coefficients) wh:c&_
nature of the metals.
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Figure 12.15 (b): variation of thermo emf
temperature T for copper-iron thermocouple

meters I




y 1 placmg the use of theMG u
ue to higher accuracy and repes
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ossible consequently. Ohm’s law cannot be app] .
s happens when there is more than one emf in 1 the circuit or
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W ing away fram thar Junction.

s true because electric current is merely the flow of free
U accumulate at any point in the circuit. This is in
of consenratton of charge. Hence Kirchoff's current law
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uit shown in figure. The following convention is adog

is taken positive.
is taken negative. _

positive end is always at higher potential.

from high potential to the low potential.

ection of current either clock wise or counter cloch

+

Inter-clockwise round. Consider current from +ve termind
ke the rise of potential as + &), through R,, the voltag
5, from the +ve to —ve side there is a fall of potential =&
1ere is a voltage drop of —IR, , apply KVL, we get

&~IR ~€~IR, =0
L= E-6=R+IR

in a circuit is equal to the &
In fact, a statement of

Let us
The ch
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to these
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culated. This is the principle of d
s bridge.




wver length /; of the wire is then the same as the emf &,. Then
, thereby replacing the standard cell by another cell, the e.m.f

ured. Adjust the slider N again to give zero deﬂectlon on
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€ larger number of free electrons will
substances are called conductors, for
Iminum etc, ]
the cross-section area A is the net charge flo

- unit time. | = (%

city with which free electrons get drifted in a metallic
the influence of electric field is called drift velocity ( vy

that the magnitude of the current in metals is proportional
ltage as long as the temperature of the conductor is kept

conductor is directly proportional to its length and
to its area of cross-section and is given by




mtﬁfo ways. i) Rheostats ii)

sensitive device usually made of a semicon

tance changes very rapidly with chai ge ¢

L u g
converts non-elecirical energy into electrical e

lectromotive force (emf).
Electrical generators, Thermocouples etc, are th

ork is done in an electric circuit is called e

e delivered to a load R when the internal re
uals the load resistance.







(b) halved
(d) one fourth.

and p, which are connected in
hen the equivalent resistivity of the

1
(b) —+—

(© 13 @ 48

ment of two different metals







(40, 12

rode has a resistance of 0.125 ) at 20 C°. The temp
carbon is -0.0005 at 20C°. What will be the resis!
85 C°. ' (©
istance of wire 10 m long that has a diameter of 2
63% 107> Q m. (0.08
itomobile battery has a resistance of 0.012 Q.

10. Fi

120 Q.

A

What is the rated cu



1a i:efibi‘al difference of each cell in circuit
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netic 'ﬁeld is an example of a field of force
arryin _g"conductors or by permanent magnets.

:d lines pattem due to a long straight wire.
might act on a current-canymg conductor place

5 affecting the force on a current carryin
ving the use of F = BIL sin 6. ' A
ensity and its units.

of magnetic flux (®) as scalar product ef
®z=BA=BLlA-

d magnetic flux density around a wire

- followed by a chafge;l particle o
icular to the field. ]




hat is magnet:zed and creates its own pmm S
le is arefrigerator magnet used to hold notgs; ona r

R

C .-"__jfonnation that makes up the video and sound is encoded on the
on the tape. Common audio cassettes also rely on magnetic tape.
uters, floppy disks and hard disks record data on a thin magnetic

and ATM cards: All of these cards have a magnetic strip on one side.

the information to contact an individual's financial institution and
account(s).

| N

ism started with the discovery of the mineral called
ﬁttz*act iron and other magnetic materials. To&y
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- how close together magnetic field lines










’m apart carry current of 8 A and 2
bqween them? :
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£3=0

perpendicular, so B - £,=0and B - l’,4=0. |

d is given by

I gth of the solenoid and

tal number of turns in the solenoid, then
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romagnet depends on the numl
t's core, the current through the wire
these factors can result in an electromagnet t
1 natural magnet. For example, there is no knoy
ick up a large steel object such as a car, but i
ble of such a task. Also, if the core of the electromagnet is
its magnetic force can be turned off by turning off the
tromagnet. : ; :




‘a force in the direction of the field, or against' h
he charge. Similarly, a charged particle in a m
. In case of the magnetic field, however t
ing on the charged particle results -
¢ field and the magnetic field created by t

15 iven by the expr
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(13.9)

1e time period of the charged particle
e equations.

n electron i

tion of an electron shot perpendlcu
o determine its charge to mass ratio










1 in a magnetic field  (b): torque on a coil
e on sides PQ and RS is
NBla ...(13.13)a

of sides PQ and RS. Fig:13.12(b) shows the directions

1 from the top. The effect of this pair of forces is a
given by

6) ...(13.13)b

plane of the coil and the magnetic field, and ‘b’ is |
“rom equation 13.13, we have




angular coil=N=100 turns

n’=200x10-* m’,

' a strong magnetic field and ra
f the inside of the body.




4. The computer
1. The magnetic field : !
is used to align processes the data
hydrogen protons and an image is

in the body. generated.
Figure 13.13(a).MRI Scallming process




Figure 13.13(c). Example of an MRI ima@
‘brain, showing gray matter (blue), whiter
(yellow), and cerebral spinal fluid (red).

A simplified version of a galvanometer is
13.14. Most modern galvanometers are of the mo







ge for a certain small value of curren
2 ! A sensitive galvanometer is one wi
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Figure 13.17 : ammeter circuit
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00 ohms and gives full scae

converted into an ammeter of range / =10A by
ng a shunt resistance in parallel




and its range can be selected by a selec
ular electrieal circuit to the galvanometer.

-:I




,. Thxs circuit allows selec
ce to be connected in
stance converts the galvanometer to
ections at A and C, selected by

=

100V
switch

: +
er switch turned to voltage measurement
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Figure 13.22:A O met
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has a magnetic field around it.
nt carrying wire in a uniform ma

ux is defined as @ = B - AA -
relates the integrated magnetic field in a
‘wire to the current passing through the s

rent carrying coil is t = NIAB cos 0
 for an ammeter is




_ harge







: .force expenenced by the el. |
 charged particle moving in a muform ma
with the field? )
ny deflection while passing
etlc ﬁeld? ol




ed in a uniform magnetic f
on it? s
ences a force in magnetic field? E
n is determined using magnetic field?
tic flux? ' %
se it to derive an expression for the ma

How it is converted into an amme




Ty currents in opposite direct
between them?




lectromagnetic induction. 1
aw to predict the direction of an induced curr

inated iron cores in electric motors, genel

t by motional emf. Given a rod or wire mo




domestic appliances such as vacuum d ear
washing machines, electric trains,
cars etc,,

while the
- electric
otor is a




5 Flgure 14.3(a): When the bar magnet Is
towards the oii, the pointer in the galvanomett
G deflects. L

1 in one direction. If we move the m
again shows deflection but in the

on will persist so long as the m

hence current in the coil C is due

ent for inducing e.n




Magnetic lines
of force
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‘e 14.3(b): electromagnetic induction
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.m.f, induced in a coil is directly proportional to the




equation represents Lenz’s law.
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of the earth’s surface, known as the crus't._’ '

plates, which can shift to cause an earth

1 two rock plates meet, creating friction. The force is

__‘es through the ground, creating an earthqy
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Figure 14.4(b): A vertical-motion sels
This seismograph operates on the same princ
as a horizontal-motion instrument and rmrdt
verticat ground movement, :
Suspensum

Coil sPrngs




flow in such a direction so as to oppos

y reminds us that the induced current opp
saused the induced current. £= - Ad/4t.

f the magnet
- coil, - the
the coil

movement against repul

.
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v whenever a conductor is placed in a varying magnetic
d in the conductor and this e.m.f. is called induced e

ng magnetic field can be brought about in two ways, therefore

jor is moved in a stationary magnetic field in such a way that
changes in magnitude. Then the e.m.f. induced in this way is
ly induced e.m.f. (as in a d.c. generator). It is so called
S ed in the conductor which is in motion, :

i d
4 TS WiL L ot v

is stationary and the magnetic Jield is moving Ar i 1

induced in this way 1s called statically ir
It is so called because the e.m.f. is induce




g current and is in the uniform magneti
tude BIl. By Fleming right hand rule, t

done is converted into electrical energy.
on of electrical energy = £ 1 '







cml can be demonstrated by changing curr
ect current (d.c.) is flowing in a circuit,

that opposes any change in the amount of current fl
self-inductance or inductance. \
inductance) is due to the self-induced e.m.f.
urrent. In order to find the expression for ma
and self-inductance consider a coil of N tums ¢
current in the coil changes then, the flux linking
Lsctup a self-induced e.m.f. €in the coil given by;

A A
 E=N—=Z"(No 1
)

to N turns of coil is proportional to currentﬁ 3

Inducto
circuits

When 2
directiol
em.f. is
Produce,
to the d¢
of the ap
ﬁldllctam




role in electronic, electrical, electromechanical, wireless
ly the properties of inductance let us consider a coil of N turns.

emf 1s produced in a coil due to mcreasmg current then 1ts
S opposite to the increasing current i.e., direction of self-in ;
) that of the applied voltage. On the other hand when an emfls
due to decreasing current then its direction is always opposite -
ent i.e., direction of self-induced e.m.f. will be same as that
: Thus by i mcreasmg the seIf—mduced emf, increases the sdﬁ-

d number of turns (N). A
a ﬂlty of thc matenal surround




roduced by coil A passes through or li
1 to both the coils A and B is called mutu
ied, the mutual flux also varies and he
The e.m.f. induced in coil A is called self-in
he e.m.f. induced in coil B is known as mutu

duced e.m.f. drops to zero.

n by
£
il

ofthiSi‘

induced
e.m.f.




ent /; flows in the




nce occurs when the two coils are placed close te
pmﬂuced by one Iinks the other. We say then that

tance as mutual inductance. We say the two :
a ._Inductance
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__ 'péles of a magnet and an electrom@txv
through the external circuit by slip rmgs A

de CD of the coil and A, to the side EF as
contact with the brush B, and A, with the
upwards Fleming’s Right-hand Rules sho

s from C to D and E to F. Thus the current
B,. Half a revolution later FE will be in th
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the coil which are responsible for the Jamina
; iyﬂ is horizontal sides CD and EF g on a]m ted to
tic field and so the induced elcctromOtlve Commutator: |

- icular to the field sides CD and EF ape
field and so the induced electromotive force is zero,
bus :m f can be determined by finding the rate of o The eddy cuf
Suppose the coil is rotating with angular Ve]oglty of the stator t
the aagle which the coil makes with the field B. If le e | field.

0011 then the flux through the coil of area A is

are induced 11

&

_In order fc
inciple on v

0=t princip I
at time t; the
is attracted b
’ of the stator |
the rotor is at
south poles of
. . Alcosax) : tz, when the pc
e el As lim—————= = —(@sin @) poles is chany
A0 At p Ar—0 Al - £
the rotor to ro
' [ ) line up with ¢
0 value of induced e.m.f. sinwr=1,s0 £ _ =NAB® shown in

fig |
e.m.f at any instant of time is: ¥
At time ¢,
Statyr PUIES is
the rotyr is {
degl'ees to hne
Poles, Similar
| fun'h'er Totateg 6
 basic electrical parts: a "stator” and a "™ AS cach

is the the stationary part of the motor while rotor Poleg of cha{‘lé
consists of a group of individual by the the 1o
form a hollow cylinder, with Staty. ,I‘;Pposit

g’ Ths

the smp It also consists of




ce magnetic fields which itteraotig
que on the rotor in the direction o

tand the

- of the rotor
he two N-poles
the N-pole of

Stator

en it forces
60 degrees to
stator poles as

Figure 14,14 : Basic electrical components of an
AC motor.
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| increases the eddy currents and the resulting back E) IF 4
otor reaches its maximum operating speed back emf wi
nstant rate. When a load is applied, the speed of the mq

mmor from moving then the current may be high el
r coil windings.

,a set level and switches back in when th
speeds the back emf reduces the current
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¢ the current in this conductor (
s taking place. s ot
agnetic flux is due to 3 variation mthe, -
cuit, the phenomenon is known as self-induct
ent flowing in another circuit it is kn

of electric motor rotates in a magnetic field by apply
potential difference V an induced emf £is I
nf is produced in such a direction so as to oppose the emf V

known as back emf.

oposed that the induced current will flow in such a direction so

PO the  cause  that produces it.
r is moved in a stationary magnetic field in such a way
king it changes in magnitude. The e.m.f. induced is ¢
luced e.m.f. Ay, A
or is stationary and the magnetic field is moving or
f. induced is called statically induced e.m.f.
oduce an electromotive force by changing the
1 is used to generate electricity. Generato
anical energy into electrical energy.
/ice which is used to transform
rent level to another. ;




(b) ac generator
(d) dynamo.

gnet is brought near a metallic ring as shownin
uced current in the ring will be '

Dl

nd then clockwise
en anti-clockwise













stead of solid one.

> -10 A in .03s, calculate (a) the mutual ind
ed in coil B. :
(a.3.5x10°mH, b. 2.3

s each '0.6m long is rotated with a sp
’s magnetic field at a place.
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tune period, fmquency, mstantaneous peak
; value of an alternating current and voltage.

nusoidally alternating current or voltage by an equaﬁép,af
= ?xa sin ©t.

e phase of A.C and how phase lags and leads in A. C Circ
ductors as important components of A.C circuits termed as
es which present a high resistance to alternating current).
flow of A.C through resistors, capacitors and inductors.
K nowledge to calculate the reactances of capacitm.:-s and

=

dance as vector summation of resistances and reactances.
r diagrams and carry out calculations on circuits including
reactive components in series. .
oblems using the formulae of A.C Power.
nce in an A.C circuit and carry out calculations using the
ncy formulae.

imum power is transferred when the mpedances afr




1 0w, mngnﬂ by rad:owaven,

.a certain frequency cause Eeaﬁn" ther
burns when absorbed by body tissues,
diation can be produced by special lamps ang

of resistance, llldlltldntt and capacitance in AC
into the many diverse uses of these circuit elements
descnbmg relalmn between du.eleratmg cm

gnetic waves, whuh prupd}:d[L at the 5peed of li
in the form of a continuous oscillation, the frequency







| by the equation.
: G0 |,
ea cf alternating' voltage, 2 is M :
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Figure 15.3: AC waveform

asac cle. Fig. 153 shows ong




: eform produces the least disturbance in the ele
est and efficient waveform. For example, wt
in an inductor or in a transformer is sinusoidal, the
lement is also sinusoidal. This is not true of a

; £
ematical computations, connected with alternating current wod

npler with this waveform.
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‘of an alternating quantity
which the quantity has advanceq /

i two alternating quantities of the same frequency
they are said to have a phase difference.

‘between zero points is the angle of phase difference ¢, Jt
red in degrees or radians. The quantity which passes
15 said to leading while the other is said to be laggin

ntities have the same frequency, the phase difference
same. Phasor of waves can be ad

p is shown by waves in Figure. Thus in Figl5.7,
h its zero point ‘O’ and is rising in the positive dir
s through its zero point ‘M’ as shown in fig and
Therefore, phase difference between voltage an
difference at other points P and N is PN |
current are: oL
V= Vim sinwt (1)
I'= In sin (ot — - {ii)
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dal voltage wave V and sinusoidal curre
f phase such that the voltage is leading

completes one revolution, it |
of the two waves can be rep
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50 Hz
| alternating voltage is v, = V2

I'=V/R = 220/20= 114 -
ge p p.wer P dissipated in the resistor is

P=VI=220x1]= 24
value of an alternating current f, = /3 7

W=27Tf=2nmx50=314

ns for voltage and current is
X)& I =1 sin(ax)







power curve for a |
lage is positive and the




‘_,mepoweris__,

over one cycle is zero i.e. a pure

‘ ;',.-(ninax >< €08 X >
r<sinax ><cosax >=10

ng current through a circuit is to transfer power from the

uit. The power which is actually consumed in the circuit E
Wer or active power. 4
that current and voltage are in phase in a resistance whereas
M in L or C. Therefore, we come to the conclusm

> contributes to reactive power i.e.
oltage x Current in phase with voltage




= Zero .
i 1

2=311.1V; In=20x+2 =2828A;
=314 rad s~ g

are v

through an 60 mH inductor is 0.2 sin (377¢-25%)A. Writ
1 for the voltage across it. =







offered by capacitance to current fl
ed the capacitive reactance X, of the

resistance and is, therefore, measured in




in the wave diagram shown in Fig:1
wer is equal to negative power so.

onnected across a 220V, SOHz

S value of current and (







is the opposition offered to current flow z

It is represented by Z and is measured in

trated in the wave diagram shqv«r;g!_
1 be determined from the phasor di
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sin of angle between V and I, "".: , : N
- I . 3 iy

05 §- (UZ)[(RIZ)=I'R [.coso=R/.




ratio of voltage to current is
atio is known as Impedance,
an "AC circait" containing

s circuit,

Z= \R*+X, whereXr=2nf

pedance in R.L series circuit depends u




X, =21 f L=21x50x31.8x107 =10Q

Z=\JR?+ X2 = [T +107 =12.2Q
1=v./Z

BE220/12.2=18. 03A
tang=X,/R=10/7
o=tan”" (10 / 7) =55" lag




) lags behind the
- represented in




V=V, sinor ; I_sin(or+ ¢)-
(Py=(V)(I)
=VI cos¢




i 'resmtor (R), an inductor (L), and
' senes RLC circuit. The sunplest
-!s | + _













Z=220/449.2=0.4897A
Rl LR
R 2.5 o
tan'(—179.66) =—89.7°
¢ shows that current is leading the v

oo 55y
4492




ency because X, and Xe ._ re f
comes equal to Xcand reson
[ XL—- Xc

21tf,L=——




lectrical components, which toge |
circuit behaves just like an oscilla
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Flgure 15.25(a): Maximum power Ii‘?-
source to a load when the load resist

Internal resistance of the source, S




magnetic phenomena
2o |- : ﬂ i j;ans. 3




charge is ,
lar loop of Figure 15.26 :changing magneﬁ 1
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Figure 15.27




CC emtion) since 1t wlll creat_e Qh@gmg _
ing charge as it moves to and fro along a wi

tromagnetic waves in free space is given by

..(15.41)

8.85x10"2C* N"'m? is the permitivity of free spaceand
"Wb A'm is the permeability of free space.
n the above relation we find that the velocity of lights is grve:n

=3x10"ms™

hows that a changing electric field glvcs rise to a magneti
hen either electric or magnetic field varies with time, the
1in space. The net effect is that an electromagnetic
due to changing electric and magnetic fields. 'Ihs
n the fta:rm of an electromagnetic wave. _

o
4
-
'4
.
) .l
b
|




-




s infomation about their composition,

§

diation, which has wavelength stonger than the ’;5*3 |
mm), is commonly emitted by atoms or molecules when
tional or vibrational motion. Infrared radiation is an
heat transfer and is sometimes called heat radiation. The
 you place your hand near a glowing light bulb is primarily
ared radiation emitted from the bulb.
tromagnetic radiation (called "thermal radiation;") because of
bjects of temperatures ranges from , 3 K to 3000 K emit their
| radiation in the infrared region of the spectrum.







s of wavelengths shorter than -
)JOnm), which can be produced in atomic
as in radiation from thermal seumes SU(
absorbs strongly at ultraviolet wavelengths, little
' reaches the ground However the pnncxpal agm

n ions with ﬂuorocarbons released from aerosol sprays, R
and other sources. Brief exposure to ultrawolet "

IV Light).A lamp producing Ultraviolet (UV) radlahon m’- '

pre—ﬁltered particle free water. This UV light is extrer
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b swer
ystem because.
/ changed in magnitude
y is effected badly
transmission is less efficient
s require AC voltage for their oper
/ insulator for
(b) Alternating ¢
alternating current (d) none of these
‘alternating current is 5v/2 A. The mean s¢

©52A (@)5°A
ce X; and resistance R are
<R







 frequency affect the reactance of (a)

sine wave is 1,000 volts, what is the effec




h other. 3 ot

answer with a phasor diagram,

will the curteﬁt lfig or lead 1




) for the current through it.
‘ (1=.03sin(1.25%1




50Hz -supply. Calculate '(a) the-
ctor.(d) power consumed.

(18.85, 55° Iag, 0.57
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Ph\ sics of Solids..

this chapter the students will be able to:
 between the structure of crystalline, glassy, amorphous :
¢ solids.
that deformation in solids is caused by a force and that i in or
ion, the deformation can be tensile or compressive.
the behaviour of springs in terms of load-extension, Hooke® slm

he spring constant.
and use the terms Young's modulus, bulk modulus and shw

te knowledge of the force-extension graphs for typical duc
polymenc malenals




_ Magnetic-levitation is an
where superconductors -
icu ar'order and extremely well. Transport vehicles such |
as trains can be made to "float" on
de it posmble t0 | strong  superconducting  magnets,
~materials with new | virtually eliminating friction between the
] train and its tracks. It can attain an
incredible speed of 361 mph (581 kph).
On the other hand conventional
electromagnets waste much of the
electrical energy as heat.

F

E?ﬁ"

atoms or clusters of
close proximity. The
e of a solid and its
are closely related to the
Bgec ent of atoms within

th mngcment of atoms is
periodic. The concepts of
| unit cell help us in
ng the atomic arrangement

structures are analyzed

diffraction technique ' .

Laue and extensively employed by Bragg. The real crystals
different kinds. The study of crystal geometry helps us ©
behavior of solids in their mechanical,
optical propemes The imperfections in real crym —
y altered to improve the selected physical p ol




imensional network. This i
ment repeats periodically over the en
have short range as well as long.

over large distance
ral layers of atoms.
possess both short

ar), diamond and
‘examples of solids
single crystals.




d regions, vary
with respect to one

: called as grains
separated from one
oundaries. The atomic
rom one domain to the
are usually 100 nm -

' ‘ Figure 16.2: crystal grains

r

\ on—crystalhne) solid i1s composed of randomly onentated
‘or molecules that do not form defined patterns or lattice

I For y@u;i_ﬁf»tmﬂﬂ

n't possess a
m:rangement.




3 "'.I-l"l- iy
srphous solid form by r
ers are examples of amorph,

ﬁass and plastics are very useful matenals m 'H
ction, house ware, laboratory ware, etc. \ |
ca is one of the best materials for converting sunlight mﬁl .: |
voltaic).

d rubber is used in making tyres, shoes soles etc.

ngement in two dimensions in cases of the three cImswaf

called

dimens
shag
Therefc
merely
geometi
The sp
skeleton
crystal
by placi
near the
Therefor
CTystal s
Simpler
“'-TB'BSentl

lattice.
U form;

Calleq laty,



e | -1 CLa I

Rectangular lattice (¢ # b, y = W) Wm’“"i-%. |r .

(a)two dimensional lattice points with each *’
having an identical environment. ;




nslation of @ and b and
b and ¢ as shown in figl6.4(a);

- called unit cell.

e —
b I

e is ol-J‘tai‘ned when a basis is added at each point

.~ : 3 : &
ciated with each lattice site, the crystal structureis

>
W

stal Lattice + Basis Structure= Crystal




éxtefnal
- is called
in deformed

rmations and

ee elastic
forming force is
of stress and

on is expressed in
. For elastic solids,

O'OO

O O/

® . ’.
] t'

o 10 '@ o

In crystalline solid, the properties like elec
conductance, refractive index, thermal expans m;'
etc., have different value in different directions a
in AB and CD. This type of behavior is ¢
Anisotropy and the substanc&s with this TO .i €

clean surface after cleavage with knif
than an irregular breakage.




Figure 16.6: deforming forces ona

de of external force F to the area of cross-sec

; es‘tress=% ..(16.1)
gth to the original length is called as
B AT

Rs—— (162
- 162)




s defined as the ratio of tangential deforming force Fto
sheared, i.e. - o

Shear stress = % 1)

s the ratio of displacement of the sheared face Ax and the fixed

. displacement of Sheared face
displacement of fixed face

(2)
erms of angle 8, which is called as angle of shear. Hence

g = = .(164)







ce different forms in the situations shown in the Flg.

ations the stress and strain are proportional to each other.
law.

ress = k x(strain) ...(16.10)
oportionality constant and is known as modulus of elasticity.
1 empirical law and is found to be valid for most materials.
are some materials which do not exhibits this linear relationship

RESS-STRAIN CURVE I

stress and strain are usually measured using a machine that
rial at a fixed linear rate and records the stress.
is gradually increased in steps and the change in length is
ues are then plotted on a graph .A typical graph for a metal is
The stress-strain curves vary from material to material. These
derstand how a given material deforms with increasing loads.
can see that in the region between O to A, the curve is hnear
e’s law is obeyed. The body regains its original dimensiol
ce is removed. In this region, the solid behaves as an elas!
n A to B, stress and strain are n_ot prop




Plastic
Deformation




(per _“-nt_ to measure Young’s modt 3 "‘
wire 2.4m long, of cross section 1&@2‘1’?&-
18 lfS ul_l-StI'GtCth lﬁl'lgl;h, What is (a) the stress? (b} - "

g’s modulus for the steel of which the wire is -eomp' woseds - TEENE

=

_j_:

in wire = x = .30cm = 3x10°m
on of wire =A=.16cm’ = 1.6 x10°m®
5000

_—z——__T=3.1 8 =2
o TRk R L

;rc_?:.0><10_3

 Strain== =1.25%107°
L 2.4

~ Young's Modulus. Y___Stressz S 15
"~ Strain  1.25x10°

=2.48x10"Nm™

- Pproperties of solids _ l

I properties of a material are those properties that involve a
applied load. The mechanical properties of metals determine the

ss of a material and establish the service life that can be
al properties are also used to help classify and identify
mmon properties considered are strength, ductility,
tance, and fracture toughness.
general ability of a material to withstand an applied force.
dness is a measure of how easily a material can be o
indented. Hard materials are often also very brittle - this
1ave a low resistance to impact. Well known hard mater




stics such as nylon.
: ty to resist bending

10V gaslly a material can be worked. Good exar

nium, wrought iron, low carbon steels and bras

indication of how visible overload damage to 2 ¢

‘before the component fractures. Ductility is

ntrol measure to assess the level of impurities
ng of a material.

: Stress o
measures of

ﬂle engineering
(usually called
) and the reduction

ned by fitting
together after

Area undef curve J
= absorbed energy
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Extension
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e _
Figure 16.11: stretched wire curve

=area of shaded strip .(16.11)

vs that F is not constant during the extension. However,
S to be drawn qulte w1de for clanty, we can Imagma xt







erial the outer electrona are all shnmd
‘not available as charge carriers (the mner
to individual atoms). These valence elecum“m-
es which form a “valence band”. This valence band is

Me are

; Empty
ve from an y \ E,. SLaTEnm ;:?.M':/conducthu
t band

Forbidden energies | By > 3 eV
EV v
Valence
: band

the energy |Figure 16.12 (a) : Energy band structure for an
than the .|insulator

_somchow get

| excitation = kT = 0.0ZSeV

is a random process, so electrons will sometimes get e
r .,ﬂ:an kT, but the band gap in an insulator is so great
ectron jumping into the conduction band and bec =
ly zero. In the valence band the electrons :
Hﬂd.decmf.:al ﬁcld as m are no vac:
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:

conductor.

>

Electron energies

Figure 16.12 (b): Energy band structuré?_ 1

Figure 16.12 (c): Energy band stru
| semiconductor
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statc (very
become

» resistance of
), since there
for currents
are used in
h currénts such

Figure 16.13: A graph of resistivity \
temperature for-a supercondnemf '
a sharp transition to zero at ‘!Ile _
temperature Tc.

High temperature superco
verifiable Tc  greater

, above the '
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g a north pole and a south pole (
ignetised substance, the molecular magnets
) in Fig. 16.14 (a). The north pole
els the effect of the south pole of the of

es not show any net magnetism.







2 into three categories viz. (
ic. The behaviour of these th

es the orbital and spin axis of the electrons in an atg :
field support each other and the atom behaves like a iy
ces are called paramagnetic materials. b

substance (e.g. aluminium, antimony etc.) is placed hr*a |
. substance is weakly magnetized in the direction of the applied
a paramagnetic substance is weakly attracted by a strong magnet

h substances are called dlamagnetlc materials.
netic substance (e.g. copper, zinc, bismuth etc.) is plaoedm
the substance is weakly magnetized in a direction opposi

. Therefore, a diamagnetic substance is weakly repelle

very small of the order of"
f@m 10" to 10!6 Eae]g d
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(a) a piece of ferromagnetic material which is_ not
sed where the domain poles are not aligned; (b) the domain
4 with an external magnetising force (H). .

netic substance (e.g. iron, nickel, cobalt etc.) is placed in a
substance is strongly magnetised in the direction of the applied

fummagnetlc material is strongly attracted by a magnet. The
d paramagnetism are weak forms of magnetism. However,

stances exhibit very strong magnetic effects.

C HYSTERESIS i

t is passed through a coil of wire, the coil acts like a bar
atoneendandasouthpoleattheothcr In other words,
et. If a bar of soft iron is placed inside the coil, the

is much increased. Tlusxsbecansethepmemd soft




ﬂ’lﬂ appheﬂ ma

B LI

’ qfﬂmx density (B) behind fke

ST T A, -B
_E__J Figure 16.17: hysteresis Ioop

t b to zero we need to 1
gfome whmh must he";
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negauve value such as the cycle of il: AC volta-ge 'i‘h:s'
ic Hysteresis Loop. Thus when a magnetic material is i
. of magnetization, B always lags behind-H so that :he :
forms a closed loop, called hysteresis loop

_,temms loop, a number of magnetic properties of a material are

- It is a material's ability to retain a certain amount of residual
eld when the magnetizing force is removed after achieving -

Magnetlsm or Residual Flux - the magnetic flux density that
 a material when the magnetizing force is zero..

ve Force - The amount of reverse magnetic field which must be
to a magnetic material to make the magnetic flux return to zero.

ge - Is the opposition that a ferromagnetic material shows to the
ent of a magnetic field. Reluctance is analogous to the
 an electrical circuit.

etic Hysteresis Loops for Soft and Hard Materials

ferromagnetic materials such as iron or silicon
‘magnetic hysteresis loops resultmg in very small amounts
making them ideal for use in relays, solenoids and
| be easily magnetised and de-magnetised.
t be applied to overcome this residual magnetism, work
steresis loop with the energy being used being
mal:enal This heat is known as hysteresis loss,
I's _a'_lue Of coercive force |




steresis loops are easily magnetised a

ierials.
the dissipation of wasted energy
proportion to the area of the mx




tallme) Solid is composed of randomly onemated-
cules that do not form defined patterns or lattice

.

of crystal structure is made by referring to an
points in space.

finite number of points in a periodic arrangement is

ic figure or unit whose periodic repetition in two or
a crystal is called unit cell.

ined when a basis is added at each point in the :







PLEE o

INg questions is followed by four em LAy
h case. -

hed to double of its length. Its strain is
®1 (©0 () 05

&e modulus of elasticity is involved in compressmg a rod to
its length? _

s modulus (b). Bulk modulus

ulus of elasticity  (d). none of the above

is Ferromagnetic in nature?
(b) Nickle
(d) Nope of these

length and radius of the fod are doubled, then the modulus of

(b) decrease
the same (d) doubled

ature is a point where
changes to diamagnetism

changes to paramagnetism
changes to ferromagnetism

hed by more than 2mm. 1t1soutintotwaew
er part can be stretched wuhotzt hteakmg?

_,:l




by the elastic limit of a material. i
does a material behave if it obeys Hook’s Law?

are used in bridge and building construction. The'
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rod 0.50m long and Icm in radius is subjected to a te :-_.:'

unt does the rod stretch? ) s e
(@031x10°Nm” (b) 1.6 x 10* () 0.8 x 10”*m)
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mtrmsm and extrinsic sennconductors
eenP & N type substances.
oncept of holes and electrons in semiconductors.
lectrons and holes flow across a junction.

junction and discuss its forward and reverse biasing.
ation and describe the use of diodes for half and full wave

NP & NPN transistors.
operations of transistors.

rent equation and apply it to solve problems on transistors.
use of transistors as a switch and an amplifier.




ductor crystal containing ﬂﬂ
semiconductor is considered to

ed in Figl7.2. In reality, the semiconducte
. sharing of valence electrons occurs betwee




Bgap energy Eg (b) electron jumping from valence band to

pletely occupy the valence band leaving the conduction

tates in the valence band are full, electrons cannot be







a

i called electron-hole pair gcneratmn The
mechanism for pair generation. At any temperature

e number density of electrons in the conduction |
of holes in the valence band, then,
| - N=P=Nj
ntrinsic density or intrinsic concentration.
1e carriers move independently. The electron moves in the
> hole moves in the valence band.
iconductor as intrinsic semiconductor in which free
e created only by excitation of electrons from the valence




s, only four can part:ncxpate n
own in Fig. 17.5 (b). The fifth
bound to the atom.

Unbonded ‘free’
electron donated
by pentavalent

(+5 valency) atom




comple
1 its nelghbors The substitution of a host silicon
does not disturb the neutral environment around the bmwh
n an electron from a neighboring atom acquires energy alﬁ
it leaves behind a hole. The boron atom having acqu
: mes a negauve ion. The hole can move freely in the







_ﬂow-s due to
. This biasing is

and the current is

ent. The reverse

Lalam

‘Figure 17.9: P-N junction dmdem "-
forward bias current. &




derimental circuit arrangement for studying V|

unction diode (a) in torward bias, (b) in
of a silicon diode.




nd safety reasons, alternating current (AC) is u:
ut some electromc devxces hke clecthcall y

an A C. supply.

AC into DC is called the rectification nd @ dev;ce used
the rectifier.

. inexpensive means of rectification therefore it can he'
ave seen, when diode is forward biased it allows the
> bias it (almost) stops the current. Thus it can be
ice (or rectifier). For most power apphcatlons half

: 'ent for task.
ywer to obtam full use of both half-cycles of sine wave,
::s must be used. Such circuit is called full-




Figure 17.12 : (a) Half-wave rect

circult, (b) Input ac voltage and @
voltage waveforms from - the
circuit.

s loa ad resistance R; and consequen
the diode. Thus the maximu
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| Diode 1(D) T
c

Transformer
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Waveform at A

. Waveformat B
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transistor, and (b) Symbols for N-P:
transistors. '




de is common to both input and output €irc
»s of configurations: common base (CB), comt
tor (CC), as shown in Figl7.15.

n to both input and output circuits, it is a common
s the circuit diagram and input and output

ml




Q-pomnt
- (2dve region)

R










st of the cases, CE mode is ptefen‘ed : |
high and power gain is the highest. _
r junction is forward biased therefore input resistance is
t, the collector junction is reverse biased therefore output
ent is transferred from low-to-high resistance circuit.

ic computers. With the switch closed, base current flow

S =0V
hattery Na Signe! to Center of Transistor







s we know, perform complicated task with fantastit sp
the cash register read out digital display digital clock and
e in all city shops and restaurants. Most automobiles use
ontrol engine functions. Aircraft’s defense sectors, factory
ern diagnostic in medical science are controlled by digital

i of

°s) has made the
onics easy to
can perform the
of Transistors




the cnergy gap
ctor, then electron-
d duc to the.

-

Figure 17.20: An illuminated
photodiode under reve 2 b




ction of a solar cell

' ""I 7.22 : P-N junction solar cell







(b) minority carriers
(d) donor ions

of emitter current
output signal
=0 }lector terminal




tion is widely used i amphﬁer
rrent amplification device?
s 10" silicon atoms and 10 tri




t be '.intcrchangin'g ina cu:cmt C
of the output of a half wave recﬁﬁ T
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Viodern i"’u‘:

snts will be able to:
: nan-mertial frames d




. ¢ fields to focus them, allows electron micros
olution. : ' '

|
-_d‘"‘_| il

in terms of electromagnetic waves. Just about
ling that all the major problems of physics

> laws of physics. These ex




A GPS satellite is a satellite used by the NAVS
Global Positioning System (GPS) (Na
System using Timing And Ranging). The (
Positioning System (GPS) is a space-based:

or near the Earth. According to relativity the
moving clock appears to run slow with resg
similar clock that is at rest. The satells
constantly moving relative to observers
Earth which causes them to run at a slightly




Y-axis

Z-axis
Jf\d’ \

_Figure lt 14 coordlnale oxls =




}' cs are the same in all mertia] LR
ativity)

tan inertial frame of reference is by refer

ample, if you are in a spacecraft far fro
u cannot observe that you are moving. '




ne of the applications of the postulates of the special thec

zed in the following without going into their math

not generally be judged to be
- reference frame in relative




this relation to the amou
aw of conservation of E
 been replaced by the law of ec

; y YR
[ an electron is 9.11x107

BRI Gl viei e Bund gl

=




eship now flies by the observer with a speed

e observer find for the spaceship?







TIPS &,

pass is a form of energy, can we con
more mass than the same spring when

xceptionally strong arm, throws a fast ball with a'spes
the ball is 0.5 kg, what 18 its mass in flight?




0 .ect' At low temperature, the wavelengﬁ]' "
the infrared regmn and hence are not obsewed v

eratures, it appears to be white, as the glow of the hot

of thermal radiation _

consists of a continuous For your informat
wavelengths from the
and ultraviolet portions
ctrum. From a classical
thermal radiations
> waves) originate from
ed particles near the

bject, which emit :







- ared :mder e.ach curve represents the ol
8F square micter over all udulcngﬂm

dla( area is directly proportional to the f ;
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wry is the radical assumption of quan
ed the birth of the quantum theory







e 18.6 (a): Variation of photoelectric cuf
antial difference.

electrons having a K.E greater than eV wi
tron. Furthermore, if V is greater than or ¢




Photo electric ,-":_.-_ I' '

current

. ' 3
<
|

Figure 18.6 (b): Variation of photéetem&%

current with intensity of incident mdhﬂbl_’i,_fi“ ‘
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"15_-.1' er linhl

quer dependeme
. thesurface almost instan '
is illuminated), even at low

upect that the electrons would reqm
ation before they acquire enough KE Ia-

ric Effect: I

‘
pplanation of the photo electric, effect l ;

he published his special theory of relativi
which he recelved the Nobel me




o il 3 Af " A Lo nwe ek o
‘illuminated with light of wavele
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cuated glass bulb
cathode of an

uit to the frequency
over which the cell is
sodium or potassium

for infrared light and
nd to ultraviolet




- power station being built (2006) is in southern |

ice 11 Mw, it consists of 52000 photovoltaic panels
the sun during day light. But trapping solar w by direct

id and liquid materials is Just as important in research area as
:m  cells are for cheaper than ones that use semi-conductors.

A I
4
1 +

The stopping potential to prevent electrons from flow ing










ed in any process, so in order for pair
k.. _+E__ -+-(18.17)

le with mass m is the sum of its kinetic en :
le of mass m has rest energy.

--+(18.18)







 Positron Electron
+e -e

before pair annihilation




that hght has parttcle charac
3 Frcnch physicist Louis de B




=1.3x10*m




1 (selective reflection).
he results obtained from this experiment
f electrons as wave of wavelength gi
action of electrons from the crystal was similar
als. The wave property of particles (elec
ecules) has been verified experimentally. The di




Ty ﬂ‘ bt

oth be right? With the development of g




e right? With the development of';]ﬁah 0
ns, the dual nature of radiation has be
macrOSCO'pic particles behaves as

v '."_f

i

exl:venments of davmsm,




ompound microscope. One important di
on microscope has a much greater

length of radiation used to illus
lectrons are about 1@0
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he two equations, we get.
- --(18.22)

. uncertainty principle. It states that the pre
mentum of a body at some instant and the u

e instant is apprommately equal to plank s C e







TIRE "
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> s qcoordmate system such as the @XY&

moving with constant velocity is called an memal

ference that is accelerating is a non —inertial frame of

. relativity is based on two postulates.
vs of physics are the same in all inertial frames.
of light in free space has the same value for a]l
regardless of their state of motion. '
rtant result of special theory of relativity.
olid block having a Holiow cavity within. It has small
on can enter or escape only through this hole. [
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;he emitted electrons

' S of emitted electrons
n K.E of emitted electrons
.E of emitted electrons

g charged particles only
g neutral particles only




cope employs which to one of the follo
‘wave nature

be focused by an electric field.

L be focused by a magnetic field.
above




ihilation of an electron and p@m" !
than a single photon

can experimentally; observe the wave like
ot of billiard ball? '




eory and its importance in
of photoelectric effect? D
of photon concept in exp

sct.: Develop a mathe mati




- *kgms™, 2
a speed of v=0.85cC.

[0.970Me\

1.673x107% kg. At what s







) dmg of the existence of discrete elécu' ) nét'
_ (c.g_. atomic hydrogen) and deduce how th

uniqueness of the spectra of elements can be use

fy hf‘ﬂl’ '\' »

nd analyse information usmg :
ner shell transmons in heavy ¢




its atoms absorb energy and
states. The electron




- ﬁfmamhowever.ﬁéetomita v
of a gas is, therefore, discrete, having li

difference between electrodes in the tube o
- gas, the tube will emit light whose color is characte:
ed light is analyzed by passing it through a narrow slit ang
ectroscope, a series of discrete lines is observed, each line

. The wavelengths contained in a given line spectrum are
e elements emitting light. Because no two elements emit the
m, this phenomenon represents a practical technique for
ts in chemical substance. The first such spectral series was

in 1885 in the course of a study of the visible part of the

[rete ctor

iphetagraphic plate
Prism P ——










. centripetal and coulomb forces r

orbits are allowed for which orbital an

‘_ n=3
Z7Tasvares

MO Y1




=8 J i

3 (b) : Lyman, Balmer, and paschen series.
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of the hydrogen system for a.
nergy and the electrostatic




Where n—l B0
s-.—that the clectron 18 bound to the nuclcus and




= .R-H (___ J J

onstant 'given by the equation.

' EH.=%=1.0974><10" m’'
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ble '(ﬁllowed) only
~ an integral
electron

5) demonstrate this
en five complete
1S ﬂp contained in
ence of the orbit | Figyre 19.5 (a) : Stand!ngwavepammfﬂt

" he drawn | electron wave in a stable orbit of hydrogen
There are ﬁve full wavelengths in tllkﬂ'*

;‘_.'




enr= n—h—
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h
mvr=n—
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_ length photon in the B

R
].||_|:|lf.l ()
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t the total energy of an electron in an atom is quantized.
re given by a relation of the form. :




| og._energy is called ionization patfmt:falx -' 'h
':'5‘.. | .,
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, n

=1 transition

_ 6.63x107-5(3x10 ms”))

AEQH

" (10.2eV)(1.60x10™Jev ™)

_AE31

(6 63x10 s )(3><10“ms )

- (6.63x10°%j-5)(3x10°ms™)

=102 nm
" (12.1eV)(1.60x10°JeV ')

" (12-86V)(1.60x10°" eV’

=96-9nm
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n traveling towards a target nucleus in the X —ra
. coulomb interaction with orbital electrons as wi
use of the concentrated positive charge, the interac

Bremsstrahlung, a Germen word meaning braki
called continues X —rays.




ergy of the electron after it has been a
ce of V volt and e is the charge on electron.




ike platmum or tungsten is embedded at end @f;%l coppe
target T.




fracted as they pass from one medium into another.
hadows of the obstacles placed in their path.

fluorescence in many substances.
photographlc plates.
solid substances which are opaque to ordinary visible Irght g .|
ugh a solid, liquid or gas, they ionize the atoms.




) : presence of foreign bodies. X —rays can also
issues of the body. X —ray therapy has also been u

gives only limited information because it is rather like'a
etail within the image may be invisible especially if one




- couch
OUC]

 detailed 3D image of the organs under investi

CT scanner has been of enormous help in the
tients where images of high quality are essential.

: ! . g -4




~ Spontaneous emission

stron falls back to its lower energy state E; and emitting

ating the stimulated photon.

E










LIGHT OF ONE WAVELENGTH
TRAVELING OUT OF STEP

{ Figure 19.12 ( d): comparison of
with laser.










;-. I‘il'l‘r

e o 'ﬁ :
gts or vapours at less than atmospheric pres;

-' usually by passing electric current through i, the
atmn has a spectrum which contains certain specific
nath only ga

es of Bohr's model of H —atom are: Pt
- "An electron bound to the nucleus in an atom, can move
~ around the nucleus in certain circular orbits without
- radiating. These orbits are called the discrete Stationary
states of the atom.
Only those stationary states are allowed for which orbital
angular momentum is, equal to an integral multiple Of%lii.e,
nh

. 2%
Whenever an electron makes a transition, i.e, jumps ﬂom
high energy state E,to a lower energy state E,, a photon of

- hf is emitted so that hf = E, E :

fau v




D uncrine 3
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o

gen atom the radius of the first orbit is i

Ty




of hydrogen consists of many lines e
single electron?




ergy, ionization energy.
y s‘? Gwe an account of the propemes, anéwas




[(a) 1_0.2 ev (b) 2.5x10'"Hz '(c)*1.-'
t Bohr Ol‘blt of hydvogen. Find (a) the
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Nuclear Physics ...... B
; chapter students will bc able to: -;L:, - f N

o(”' h

t an element can exist in various isotopic forms each with a
nber of neutrons.

umfied mass scale, mass defect and calculatsbmdmg

stein’s equation.
e variation of binding energy per nucleon v




A :

of nuclear fission and fusion. I "

he key features and components of the standard model of matter
adrons, leptons and quarks.

r information E

ir Physics
. and




\ : T TREkN .r-,n.];&, -
by reviewing a few fundamental facts that are

y har. The nucleus is made up neutrons and protons, two
are about 1840 times more massive than electrons. They are

tively as nucleons Fig 20.1(a).

" protons in a nucleus
) its atomic number z, -

number of nucleons A | k. o NEUTRON =

- closest to its mass
ce the number of
—Z. Thus the nucleus |
' a sodium atom which

number 11 and mass I.
contains 11 protons and | .
NUCLEUS  ELECTRONS
atively light nucleus; a

Figupe 20.1(a): atomic nucleus
7 nucleus ,,U**, which

PROTON

I |

%entams 92 protons and 143 neutrons. The mass of the nucleus is
1 to the mass of the atom; in kilograms it is the atomic weight

ac .snumber 603><10“

_ clﬁment X its nuch

(Chas Z=6and A=12.




on, I_H";IH" and 1Ha‘arc three isotopes of hydrogpn

‘number of electrons in an uncharged atom is e




electron is

_h's, leavi'ng

‘a_ potential
| between two

Photographic
Plate

‘m.. lﬂ, l

\.‘ 1'2
j aieed

- ol o

Figure 20.l(b): mass spectrograph




. b b v ‘1'*
. _ .themassmofthemnlfquandVareknmwe
 in the form.

g/ m ...(20.4)

on shows that if v, B
d g to be constant, r depends
on the mass m of the ion.
ians of different masses
will strike the photographic
“plate at different places, so,
therefore, different isotopes
~ can be separated from one
~ another.

ass Spectrometry
‘he Drug Discovery

4 Nuclear Masses ﬁ

It is known that a kilogram- mole of any element should
_"’_s number of atoms: 6.023x10* atoms/ kg mole. Thus the mass




mﬁ*’ m){sxw m-mf' mt 3N s :
xlﬂ“fj - R ﬁl

; L i r
Since leV =1.60x10"] "
4 1.49%x107"
1.60x10™"
1u=931x10°€eV =931 MeV

eV=9.31x10%V

lectron, proton and neutron on u —scale are

m, =9.109x10~" kg=5.485x10"*u=0.51 MeV
m, =1.673x10™ kg =1.007u=937 MeV
m, =1.675x10 " kg =1.008u=938 MeV

. efect and binding energy l

~ Why should a large unstable nucleus release energy when it
ioactive change takes place? The potential energy of a system
e position of the particles in the system, relative to each other. A
ne in which the potential energy of the system is at its lowest.
ystem becomes more stable, it changes to a state of lower
he protons and the neutrons in a nucleus are held together by a
ﬂaat prevents the protms pushing away from one anoﬂm. L



The binding energy of the nucleus ¢
ct using Einstein’s famous equation £ =me?

nergy = mass defect xc* ...(20.5)

es are usually expressed in atomic mass unit (u).

[~ Regon of greatesl
Fission
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he number of protons in the nucleus,

A = The number of neutrons and protons,

So A-Z is the number of neutrons in nucleus.




o

ito the effects of x-rays on uranium

nergy per nucleons is increased when light miﬁ':é :
B 4 2 hen o2U nucleus undergoes fission, the two fragmep
' eagh comprise about half the number of nucleons. Therefore the
rgy per nucleon increases from about 7.5 MeV per nucleon for

o about 8.8 MeV. per nucleon for the fragments.

théijbinding energy per nucleon increases by about 1 MeV for every
NuC which-means that the energy released from the fission of a single
,'; fissionable- nucleus is about 200 MeV. The mass of a ,,U**® nucleus is

‘about 4x10*kg.

oactivity [

was discovered
ally in Paris by Henry Becquerel
) when he was conducting research

s. He had discovered that
~ substances exposed to
w and continued to glow when
machine was switched off.

know if the reverse effect

ely emission of X-rays




e was described as “radioactive” because it did-
energy to make it emit radiations and was there
ed his research on X -rays and passed the investigation of radio
research student, Marie Curie. Within two years, Marie curie and
: had discovered other substances which are radioactive, .
new elements, radium and polonium. Becquerel and the curies were

e noble prize in physics for their discoveries 1903.

Two Neulions
Ragauon

i Twe Protons and " 4

Al
Radiabion




Paper Al ey Lo _
Be fOFMS of radiaticns with qiiferent penetration p




"tom X dismtegratés by OL— emis
the mass number reduces by 4 units. ]

X YAt +, He* +Q
. >

_-dlsmtegratlon enerdy. Which is always positive, as ¢
‘The decay product Y#~*is called the daughter nu

in unstable and undergo further dlsmtegratlon tlll
examples of o decay.

U —— o T +, He' +Q

P Razzé. S Rn** +2: He" + Q




lly to its ground state by emitting one or more -
ss photons, their emission will cause no change
The y—decay process is written as follows.

*
X —(,X") —z X +y

-.-st_ate. of the nucleus.




If -life of a radioactive isotope is the time taken for half the number
of the isotope to disintegrate. Suppose 10000 atoms of a certain
> isotope “X™” are present initially. The number of atoms decreases.
“From 10000 to 5000 after first half life, then
“Frqm 5000 to 2500 second @ further halflife, then

~ From 2500 to 1250 third a further halflife, etc.




18, ANis negative. The value of A for any
h that isotope will decay. |
__ / rate, or activity R, of a sample is defined as the m

. -(_20.8]

large value of ) decay at a rapid rate




1N, =N,
2 @ oe

Wi
2
="k

logarithm of both sides and note that Ine =1. We find that

In2=AT¥%

= T}/_——fzz

TE=222 - (20.10)

etween the decay constant A and the half-life T. E l




=5.0x10" s

0.693

T e é:1.4x10"“ s’

:
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tion of Radiation with Matter

~ Interaction of o particles with matter 5

particle travels a small distance in a medium before coming to
distance is called the range of the particle. As the. particle
throu gh a solid, liquid or gas, it loses energy due to excitation and
1 of atoms and molecules in the matter. The ionization may due
C colhsnons or through electrostatic attractzun. Iomzatxon is




the effectwe depth of penetration into the mcdmm not by
1 of erratic path. If the density of the material is more through
e particle moves, the shorter will be its range. o and B - particles
; nergy as X-rays photons when they are slow down by the
of the charged particles in a solid material.

of gamma rays with matter I

e ’Photons of y-rays, being uncharged, cause very little

i'Photons are removed from a beam by either scattering or
the medium. They interact with matter in three distinct
inly on their energy.

(less than about 0.5 MeV), the dominant process
ns from a beam is the photoelectric effect.

-—

......



> substance like zinc sulphide, sodium iod;
screens. o
perty of absorbing radiant energy of high

neutrons with matter I

1g neutral particles, are extremely penetrating particles. To

or slowed, a neutron must undergo a direct collision w1th a
some other particles that has mass comparable to that of
such as water or plastic, which contain more low mass

t volume are used to stop neutrons. Neutrons a







This creates a pulse of current -
C counter. In a typical device, the d

sible to change the structure of nuclei by bombarding them
es. Such collisions, which change the identity or properties
are called nuclear reactions.

a nucleus “X”

is bombarded with some light particle g 3

> place, the product nucleus “¥” and a light particle “b”
Il be represented by the equation. ;

X+a——>Y+b

for 1 was the first to observe nuclear




at; bn it is known that the conservation of

Te

rmmple but is a part.of a mo




S ——
sses before m; fter (
=18.005677 - 18.006958
=-0.001281u
Q=-0.001281x931
Q=-1.192MeV

‘ Knowing the fact that the emission of a B particle increases the
/ one, Fermi and his co-workers (1934) attempted to produce ﬂm

They bombarded uranium with neutrons and found %
ﬂlﬁ'erent half —hves were emitted. Therefore thcy




2d @ tdtﬁitically, it can be controlled and the
> of energy.

tted. In the reaction observed by Hahn that the
d 4, Kr* . Therefore, the reaction can be written as

83" +3,n'+Q --+(20.12)

: 61_1011 which can be calculated from the value of mst
he calculanon is given below

x " Final masses S I
B8a" =140.9139 u
. Kr* = 91,8973y




':"néuuons will increase rapxdly Thus, a i .
‘The fission would produce at an ever —i

= the whole of U would be transfonncd wﬁ,




' ﬁssmn cham reacuon is a cmtmw |
e P any of the several purposes to mduee N
pare radioiso topes, etc. The first reactor was |
I
|

ermi and his co —workers in 1942 in the USA. In
ranium are spread throughout a material, called

owing down the neutrons to thermal energies, so that they
r nuclei. When a thermal neutron strikes a uranium atom,

sess which results in the splitting of the uranium atom and

collision W1th the nuclei of the material and get
S| ‘thermahzed neutrons strike another piece of uranium and
‘I'hus, a cham reactmn is set up. Whenever this cham reaction

'S0 that the neutrons are absorbed and the rate of reaction
.8) shows the schematic diagram of a nuclear reactor.

Steam turbine

Sgcondary loop and electric generator

s

= Condenser (steam from turbine
o) is condensed by cold water)




and (v) radiation sﬁleldmg
_that can be ﬁssnoncd by thcrma.l Ilell&t;is

:-fucl cans are separated by the moderator. As menti ed
or is used to slow down the fast neutrons produced in thés
en thermal neutrons strike the nuclear fuel. The fast lra*,utrt:piug“'l
ns with the materials and come out with thermal energies to 1
s] can. The material of moderator (i) should be light, and (ii)
b neutrons. Usually, graphite and heavy water (water contammg ;
1 of hydrogen) are used as moderators.

t:ham reaction, once started, can liberate an enormous amount of
go out of hand and this can even blow up the reactor. To avoid
aa_nd to regulate the power level of the reactor, control rods are
m | rods can be inserted into or drawn out of the reactor fuel m
aterial that absorbs neutrons, €. g. cadmium, boron or hafmum

ol rods are used. If these rods are drawn out, the acnvﬂy of

i if they are inserted into the fuel core, the aeﬁv:ty

se the neutrons are absorbed by the rm’k it ”'~i¢_ )




! ._ erma]- cnergles *to produce further ﬁ-sstéﬁ,_ he

renriched uranium as fuel. Enriched uranium cont
an natural uranium does. There are several designs of
water reactor (PWR), are most widely used reactors in
reactor, the water is prevented from boiling, being k@t

his hot water is used to boil another circuit of water which ]
bine rotation of electricity generators, ,

macter are df:.mgned to make use of _,U*® which is abom P
Iu _amum Each .. U~ nucleus absorbed a fast neutron aﬁd |

i 1 239 0

U™ 1.0 =l 08
Mm 39 0
23'Yp s 94’;:12 +—1B

S oned by fast neutrons, hence, moderator is not needed in
of fast reactors consists of a mixture of plutonium and

urrounded by a blanket of U?* Neutrons that escape from the
1 the blanket, producing there by o P?®. Thus more

y and natural llram_um is used more effectively.




h fusion power plant have not get been developed, a great
under way to harness the energy from fusion reactions in the

exothermic reaction in stars, including our own sun — and
nearly all of the energy in the universe — is the fusion of
» helium nucleus. This can take place under stellar conditions

s of processes. In one of them, the proton —proton cycle,
protons result in the formation of heavier nuclei whose
eld helium nuclei. The other, the carbon cycle, in a series of
on nuclei absorbed a succession of protons until they
ha particles to become carbon nuclei once more.

in the proton — 2




on of an alpha particle and two posil
247 MeV; the initial ,C'?acts as a ¢

-




= . : ‘ T L S RE
i - ' iy W
er tube is used in any experiment, it r

ation. Tt is partly due to cosmic radiation which
d partly from naturally occurring radioactive substz
e cosmic radiation consists of high energy charged pa
i¢ radiation. The atmosphere acts as a shield to absorb some'of
well as ultraviolet rays. In recent past, the depletion of ozone
mosphere has been detected which particularly filter ultraviolet
s. This may result in increased eye and skin diseases. The
layer is suspected to be caused due to excessive release of
the atmosphere such as chlorofluorocarbons (CFC) used in
sol spray and plastic foam industry. Its use is now being
onmentally friendly chemicals. Many building materials contain
radioactive isotopes, (radon) radioactive carbon gas enters
ground. It gets trapped inside the building which makes
higher from radon inside than outside. A good ventilation

el inside the building. All types of food also contain a little




0 lwmg organism is primarily
e basic unit of life. Its normal ne
of interaction with the ionizing radi
death of individual cells, or produce.

geuer-a]]y of two types. Somatic and genetic. Somatic
dual directly.. Skin burns, loss of hair, drop in the white
1 of cancer are example of somatic effects. The genetic

nes and may cause mutations. Even very low xad;atwn

ctive organ of the body are potentially ¢
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Fig 20. 10 :the Co®™ source of y-radiation is
rotated around the patient. ;

thyroid is treated with I'’' radioisotope. Sometimes
dioisotopes are planted close to the tumor and can be
A K +




cal application is that a salt contamm'
, in the leg. The time at which the
dy is detected with the radiation ¢

tcchmque is also useful in agricultural
ermine the best method of fertilizing a plant. A c

such as nitrogen, can be tagged with one
fertilizer is then sprayed on one group of :
econd group, and raked into soil for a third. A Geiger

] m:']
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ly abou "a'“ume that of the strong force.
ik 't elgnehc forces are two manif

_. AL
fome is a long —range force that has a strength 9{ %

1Ly

of strong force. Although this familiar interaction is tﬁ@"—' ‘

A

( lants, stars, and galaxies together, its effect on elementary
ible. rThus the gravitational force is the weakest of a].l the

1Y

sics, one often describes the interaction between particles in
ange of field particles or quanta. In the case of the familiar
interaction, the field particles are photons. In the language of
' one can say that the electromagnetic force is mediated by

M' the quanta of the electrometric field. Likewise, the strong

y field particle called gluons, the weak force is mediated by
and z bosons, and the gravitational force is mediated by

__qnal field called gravitons.




. Protons and neutrons are included
ticles with the exception of the pro
e end products include a proton.

4

‘a group of particles that participate i







efect. The missing mass is converted to energy in the
ucleus and is called binding energy.







" 1.2 i-d w1
nucleus A is 7.7 MeV and that for nucleus

s the larger mass?

'b. Nucleus B
A\ d. None of these
there in the nuclide Zn® 7

i b. 30
d. 66




b. De—excitation of nucleus
4. Excitation of nucleus

b.m”
ds’
following basic forces is able to provide an anmctlon

PAEEl LIS

b. Electrostatic and gravitational

and strong nuclear d. Only nuclear force




0 years.
 remains after 4800 years?

more year ago, why is there any radium left now?
er plants use nuclear fission reactions to generate steam to run

1 to atomic number of a nucleus that emits y-rays photons?
to its mass?

atonuc number and mass number of a nucleus that
(b) undergoes electron capture? (c) emits an a-

r in the decay of thorium ¢, Th>”® mto oPb?2 1
| o o oW AR




sive note on nuclear fission. _
ear reactor? Give the principle, construction, working and'
ypical nuclear reactor.

t by nuclear fusion? Discuss how can energy be released in
eess? Illustrate with examples.

radiation detector? Explain the principle and working of GM
r and solid state detector.

technique and use of radio isotopes in the different fields of

e hannflﬂ effects of radiations? What measures can be adopted to
us from the nuclear hazards.
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' 7
lin the fusion reaction. H + H —,He

5é [175’“
nuclear reactions.

i

14 -~
N +, He* =, H‘-l*“?‘}'_rl,llr '
11 i '-'.‘“f’l 3

B+ H - C +2 58
5 8 &




[5.32x10% Mey] |

sed in the following fission reaction.

218 - 92 141 I
ot ¥ U™ = Kr™ + yBa ™ +3,n +0

2 3 1
released in the fusion reaction. H + H - ,He' +n

[17.6 MeV]
following nuclear reactions.

14
N +, He* —3 H +?

1" 1 -
B+ H > BC +2

ual to 22. 3 MeV. Knowing masses 0
mass of ]ithium_ isotope of Sl,,ia;

alternd
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energy, an.AC genem NEE
colorless bodflv ﬁuld found in

the funchon of an organ or part.
A dynamo or generator
1e throat what has been eaten.

the Greek word dynamis, which m
ing to the conversion by induction of




. currents (¢

current cycle.
s absorbed or emitted by a su

inside the limits of the earth.
overlapping AC cycles offset by 1
up) or lower (step down) a volt
ceives blood from an atrium and pu
. chambers that are connected by he
led ventricles.
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sctrum of mercury with diffraction grating and ¥, e
ine the wavelength of several different __'f'_'_"" e
onclusion about the width of visible spectru
e 00 dice, simulate the radioactive decay >t ouel
asure the simulated half life of the nuclei. '
ics curve of a Geiger Muller tube.
background radiation in your surro
4 show the detection of alpha part
ermine the count rate using scal
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