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Chapter 14

OSCILLATIONS :

•  Oscillations  OF  a  SPRING :  IF  an  object  vibrates  or  oscillates back  and forth taking the  same  time  in doing the  same distance we  call  it

periodic  oscillation

°  Force F=
- L .×

The minus  sign  indicates that  It  is  a  restoring force .

° VERTICAL : the equilibrium  position  is  when  spring force 's  equal to  the gravitational force .

° SIMPLE  HARMONIC  MOTION :  restoring force is proportional to  the  negative displacement '

• %¥ + tfnx  =  0  °  ×  = Aws ( wt  +  ¢ ) • w2= htm

° Velocity :  U= 0¥ = ¥ [ Aws ( wt  +0 ] =
- wssncwt  +0 ) →  Max  velocity dependent  on  amplitude .

• Velocity using  energy :  v=  ±vma× €2
.  Frequency : f= zlnfkml . Period :  T=2r¥ ' *

•  Vmax
= ( Fn ) .A2

a Acceleration :  a  = - WZ . Acos ( wt  +  0 )

' ENERGY : £  = zlmuz  + lzhxz ( conserved ) →  dependent  on  amplitude :  E= tzk .  s2

a SIMPLE  PENDULUM

.  Period :  I  2nF .  Frequency : f= ztn §f

o PHYSICAL PENDULUM

Period :  T=2Hm÷f# . Angle :  O=oma×  coscwt  +0 ) . Torque :  T= - m . gih - since

••
TORSIONAL  PENDULUM

w=kF±
•  

DANPED
harmonic  motion harmonic  motion  with fictional or  drag force .

•

 Fdamphg = - bv •  M . a  = - h .  × - b.  v

• ( b small ) × - AIHWS ( w !t )

• y= b- . b-MZ m
T

°  w
'

' FE , go;b2
>  umu  w

'  imasnoyiouooamped My *
b2=4mh critically damped

° Resonance b '  < 4mk under damped

s Forced vibrations  occur  when there is  aperiodic driving force .
This force  may or  may not have the  same  Period as the natural freauercy wo of the system .

°  If the frequency is the same  as the  natural frequency , In  amplitude  an be quite  large . ( Resonance )

A

amplitude A small damping ° Forced  oscillators/¥sedamping .

s ma= ' h× - but Focus ( wt ) o  Wo2=kg
°

 ×  = Ao  8h ( wtt  00 )
•  Width  OF  THE  RESONANT  PEAK1 Fo

°  Do .

-

extomdffgay
S

m

( wz.woyi.br Q= MI
mz b

° %=tai
' ( he )

w ( blm )



Chapter 15 WAVE MOTION

•  Traveling  waves transport  cross .

• Style  wae  pulse  shows that  It  is begun  with  a  vibration .

Frequency :  time  in  one  oscillation .

Crest ,

°  Velocity =  X. f

Fief-1
wavelength X

• Transverse  or Longitudinal
=

•  Velocity of a  transverse :  v= FF iiofamae ( through  solid ) •

µ = ¥

• Velocity of a longitudinal wave :  v= ¥ (through solid ) V  = ¥ ( thnug liquid )

a ENERGY  TRANSPORTED BY  WAVES

° E = zth .A2= zrz.mg?a2(f=ztzfnh=f?utnz . ha )
→  Power

•  SAME  DENSITY  IN  THE  WHOLE  MEDIUM ;  I= ¥ = 2z2vpf2A2 ( INTENSITY )

•  Distance  Relation • After  some time •  Velocity

Iata Dix ,t)=Asn[Yflx - utif v=±
k

• SUPPERPOSHION  PRINCIPLE

.  sum  of waves  can be decompose  in  simple waves

. REFLECTION
AND  TRANSMISSION

°  Wave  reaching a  obstacle :  reflection  inverted • When  a  wave  encounters  a  dose  medium  part of the  wave  will be transmitted and the other  part
will be  reflected ( shorter  wavelength  in the dense  medium ).  wave  reaching a free  end : reflection

v= FNI v  = c)f.Wave  FRONTS
:

• DNGLES : The  angle of incidence  equals The angle of reflectionCurves  of surfaces  where all the waves have the  Same phase Oi =On
Inada  +  Ray

>

•

#*
.

wave grunt  wave front 1

,
wave front

*
1

Ray Ray : director  of propagation of way
1

a

)  Oi I or (
J

° INTERFERENCE

° Superposition  Principle :  when two  waves pass through the same point ,
the displacement is the  arithmetic  sum of the Individual displacements .

→

°  Destructive  interference : -
→

← ~
←

° CONSTRUCTIVE  INTERFERENCE £←h # =D

° STANDING Waves : RESONANCE

• Standing waves  occur  when both  ends of a  string  are fixed .
In that  case ,  only  waves  which are  motionless  at the ads of The string can  persist .

There are  nodes :  amplitude  =  0  and antnodes :  amplitude  voices from  0 to  maximum  value
.

=p ,  g. , ,

• The frequencies of the standing  waves  on  a  particular  string are  called  resonant frequencies .

FUNDAMENTAL  OR

FIRST  HARMONIC

.  -
-

.

,

° An  =¥ h=  1,2 ,
3

...

/
\

,..si#f=xz.

, ,
-

-

-
. .

 -
- °fn=¥n= hhfe =  nf , ,

n=  1. 2,3
FIRST  OVERTONE  ISECOVD

HARMONIC



° REFRACTION

• If a  wave  enters  a  medium  where the  wave  speed is  different it  will be refracted :  wave fronts  and rays  will change direction .

• Calculate the angle of refraction sin  02
*

# =¥
,

} Law of refraction  or Snell 's law

\ Va

VgfYg+µ°

DIFFRACTION \° When  waves  encounter an  obstacle
, they bad around it leavinga shadow  region . § Vw

° Depends  on  the  size of the  obstacle  compared to He  wavelength .

•  If wavelength  is  smaller than  object  There  will be  a  significant  shadowed
region ,

CHAPTER |G Sound

16 .  1  CHARACTERISTICS  OF  SOUND

° Sound can travel through  any kind of mater
.

° Loudness :  intensity of the sound wave

° Speed of sound  is  different  in  different  materials
, slowest  in gases , faster in liquid fastest  in solids .

° Ditch :  related to frequency
>  Audible  range :  20ha  to  20000  He° Speed  depends  on temperature .

o Ultrasound :  above  20000  Uz

( V =  331 +0.66T  Tin  C° ) Sm
°  Infrasound : below  20  Uz

10.2  Representation of Longitudinal waves

° Longitudinal waves  called pressure  waves o By considering a  Small cylinder B :  bulk  modulus
.

se s

;

→

'

*
 SD

.  sP= - BSF = - B #
.  or DP  

= - B I
;

Ssx 2×¥,

'

D=  A . sin ( kx - wt )

•  Sinusoidal displacement

AP= - ( Bah ) .ws ( hx . wt )

.  w we ✓ = ¥ v= wk

.  Pressure  amplitude :

SPn=BAk=pv2 .AE [B=pv2]
.

q
Apn  =  Zrfpv  A

:#
displacement

f  1
r

d

o 16.3 Intensity  of sound :  Decibels

°  Intensity : Energy transported per  unit  time  across  a  unit  area .

s In  open  areas the intensity dimishes with distance
o Human  can  hear from  10-12  Whiz  to  1  W/m2

I at
° Braved loudness  is  not  proportional  to  the intensity .

r2

° Loudness :  measured in decibels ( dB ) ° Intensity can be written  in terms of maximum  pressure  Variation

Band  B) = 10 log (¥o) I ,
GPI

Io  =  1. 0.1512 whiz ( threshold of hearing ) ZVP

16.4 SOURCES  of  sound :  VIBRATING  STRINGS  AND  SIR  COLUMNS

° Vibrations of malenals  are transmitted to the  air  and then to  our  ears .

o Wind instruments  create  sound through standing waves  is  a  column of air

° Harmonics : fn=  nf ,  - n.gg n= , ,  2,3  v  = FI ostube  ordered at both ads has pressure  nodes  and therefore
~ displacement  anhnodes  at the  ads

.

°  MOOISYNS Pitch : • the  strings  on  a  guitar  can be shortened raising  pitch
Pi  and  Be - Pain

•  using  a  string of different  density

P ,

Pe



° Tube closed at tend has  a  displacement  node  at the  closed end

16.5 QUALITY  Of  SOUND /  and NOISE  SUPERPOSITION

. The sound wale  is the  superposition  of the fundamental and all the overtones .

16.6 INTERFERENCE  OF  SOUND  WAVES ;  BEATS

CONSTRUCTIVE  INTERFERENCE DESTRUCTIVE  INTERFERENCE
o  Waves  can  also interfere In time ,  causing a phenomenon  called

a
×

Hymn hmm
beats

.  Beats  are the slow  " envelope "  around two  waves that

8
D

•

• a g-
• C are  relative  close  in frequency .~

"

D%

:
two  waves  with same  amplitude  and phase  with two different frequencies .

D - [2 A  cos  Zr ( &¥)t] sin ZR ( 5¥) t represents  a  wave  uisratns  attic  average frequency ,
u.tn  an  ' ' envelope "  at the  difference of the francs .

f beat  = 2 # =p ,  . gz
usedto tune  instnmats

.

16.7 DOPLER  EFFECT

. cars  when a  Source of sound IS  moving with respect to  as  observer
.

.

s source  moons towards the observer  appears to have  a higher frequency and  a  shorter  wavelength . ( ( ( ¥1) )) )))
. Change in frequency is given by : f '  

= f- ( nouns to ) f '=&-
( moving  away )

1 -
U source(a) His:#

. If the  observer  is  moving : towodss°un= f '= ( + ugly) . f moomsav.IS '
'

. ( 1 -

Vgsbnto ) f

•  COMBINED  Equation : g. i. g ( ↳'0#obs)
VsndI V source

16.8 Shock Wales  and Sonic  Boom

* If a  source  is  moving faster than the  wave  speed in  a  medium ,  waves  cannot keep up  and  a  shock
wave  is formed

•

Same  as  waves produced by a boat goin faster than

•• o ( sin O=Vs# the wave  speed  in  water
- • Vobj

V=O
vobj c Vsnd

bj=Vsnd
vosj > Vssd

D
taicshochwae front  shock  wae

8.9 APUCATIONS :

Sonar :  used to locale  objects  underwater by measuring the time  It  takes a  sound pulse to  reflect  back to the receiver
.

.  ultrasound : less likely to be d. faded  by  obstacles .

Ultrasound :  medical Masin :  repealed traces  are  made  as the transducers  moved and  a  complete picture  Is built .



( UAPTER 22 ELECTRIC CHARGE AND ELECTRIC FIELD

COULOMBS  LAW : magnitude of the force  is proportional to the product of the house  of the distance
.

0¥

. this  ovation gives He  magnitude of the force between Two  charges .

F= h .

0¥
. precise point chose

FL

. Unit of charge :  coulomb ( C ) .  

Charges
produced by rubbing are  around

µ C • Charge on the electron
h=  8.99 .  109N .  m2/c , 1µc =  10 C e  =  1.602.1519 1µC~ 1013 electrons

• h can  also be written  in terms of Eo

Eo  = # =  8.85 . 15121
MNMZ

PRINCIPLE  OF  SUPERPOSITION ELECTRIC  FIELD :

Defined  as  the force  on  a  small charge ,
divided by the magnitude of the charge .

= E =

F •  surrounds  every charge

F.
. -

:
.

9-
Fr

'

p
:

For  a point  charge :

E

E  
= If . ↳gQI = h

. ÷

CONTINUOUS  DISTRIBUTIONS  OF  CHARGE

Succession of infinitesimal C point )  charges . The total field is then the integral of He infinitesimal fields due to  each bit  08408

de  
= urteoi d¥z E=fdE • Point  chose En ÷

• Line  charge E  ~to Electric field is  a  vector
. t

• Plane of charge E independent of r

FIELD  LINES

. The electric field can be  represented by field lines .
Start  on positive  charge and end on  a  negative  charge .

•  PROPERTIES

s Number of field lines
.  starting on  a  positue  charge is proportional to the  magnitude of the chose .

They indicate tie direction of the electric field.¥O••}g#ao*•Bo¥° The electric field
is  stronger when the feed lines  are  closer together.

ELECTRIC  FIELDS AND  CONDUCTORS

• Electric field =  0  inside  a  conductor

•

Any net  charge  on  a  conductor  distributes  Itself on the surface .

° Electric field is  always perpendicular to the  surface  outside of a  conductor
.

° Application :  shielding .

ELECTRIC  DIPOLES

. Two  charges Q
,  equal .

n  magnitude  and opposite in  sign separatedby a  distance  r
.

The dipole moment points from the  negative  to the positive  charge .

K - e- > 1

B.p=.••
- Q  *  Q



ELECTRIC  DIPOLES

. An electric Opole in  a  uniform  electric field will experience  no  net force , but  it  will ,  in general ,  experience  a torque :

T = QE Izsho + Qeezsno  =p Esjno
I =P #

. The  electric feed created by a dipole is the  sum of the fields  created by the two  charges ; far from the dipole ,
He field shows  a Y, } dependence

P
E  =L

.

 -

k£0 ( rz  
+ e }u)%

E= ¥0 ' ¥

CHAPTER 22 Gauss 's LAW DIVERGENCE  THEOREM

ELECTRIC  FLUX

•
E

 =  Eta . E. A ,_ =  EA  cos  a Electric flux thrush an  area  is proportional to the total number of field fnes  crossing tie  area .

• E not  uniform : IOe=§Ei .sAi  → f E. DA

# ¥ @•€••• Through closed surface : OI
,  = fe .oa=o

Boo-B. - -e. raw
OIE >  o # co # co

GAUSS 's  LAW

Net  number of field lies through the  surface is proportional to the charge enclosed
,  and also to the flux .

. §E . dI= Qed
Eo

.  For  a point  charge §EoA=  E§dA  =  E.urr2 solving for  E E= €
hreo  r2

If a gaussian  surface  encloses  several point  charges , the superposition principle shows that :

§ E. DE . §EEyoI=EeQ÷= Quoted
€0

° PROCEDURE
 FOR  GAUSS 'S  Law  PROBLEMS

1. Identify the symmetry and  choose  a gaussian  surface that tales advantage of it
.

2. Draw  suface

3.  Use symmetry to find Direction  of E

4.  Evaluate flux  by integrating
5. Calculate  enclosed charge

6. Solve for He field .

CHAPTER 23 ELECTRIC POTENTIAL

°  ELECTROSTATIC  POTENTIAL  ENERGY  AND  POTENTIAL  DIFFERENCE

. DU  = - W
,  W  is  work done by conservative force .

;The electrostatic fore  is  conservative - potentialenergy can be defined .

• Change in electric potential energy is  negative of worn  done by electric force :

Ub - Ua  = - W = - G.
Ed < 0

•

of Ed =  increase  in kinetic energy Ubc Ua



Definition :  Electric potential  is defined as potential energy per  unit  charge .

Va  = U÷g . 1V= 1 % ( unit :  uoetj

.

REMARKS

1
.

 V  does  not  depend on 9-
o  POTENTIAL  DIFFERENCE

2 .
 We have  to  choose  where the  potential  is  zero

Only  changes in  potential can be  measured
.

The potential difference is :
3

. Batteries
,  electric generators  are for  maintaining potential

differences
Vba= AV = Vb . Va  = Ubf# = - Wgb÷= - Ed E uniform feed .

The difference  in potential energy ,
Ub - Ua

 is  equal to the negative  of the worn Wba
, done by the electric field as the 0h08moves from  atob

.

RELATION  BETWEEN  ELECTRIC  POTENTIAL  AND  ELECTRIC  FIELD
.

• The general relationship between  a  conservative force  and potential energy :

ub . Ua  = - { Fide

. gmpeest  case° Non  uniform

Vba  =Vb - Va  = - fab E. of Vba  = .  Ed

°  ELECTRIC  POTENTIAL  DUE  TO  POINT  CHARGES

we  integrate the field  along  a field line o Setting the potential to  zero  at  r=  a gives the general form of

the potential due to  a point  charge :

✓ =L
.

Q
4rEo r

*Vs

Q >  0
Qco

o

(
or

r

.

° POTENTIAL DUE  To  ANY  CHARGE  DISTRIBUTION

.  The potential due to as  arbitrary charge distribution  can be  expressed as  a  sum  or  integral

va=Evi=u÷o¥0÷a v=u÷e;f¥

°  E  DETERMINED  FROM V

If we know the feed ue  can determine the potential by integrating
.

Vba  = - fab E. DE
→ dv = -

toll =  - Ee de →  Ee=dFe

Ex  = - off Ey  = - of Ez=¥E



° EQUI  POTENTIAL SURFACES

.
Always perpendicular  are  always perpendicular to feed lines ; they are always  closed  surfaces

° Eowlpolertial is  a be  or  surface  over  which  the potential is  constant

• Electric field lnes  are perpendicular to  eequipotertial
° The surface of a  conductor  is  an  egupotuhal .

( HAPTER 24 CAPACITANCE
,

DIELECTRICS ,
ELECTRIC  ENEROY  STORAGE

CAPAATOR :

.  consists of two  conductors that  are close but  not touching +
.

+
-

+
-

• When  a  capacitor  is  connected to  a battery ,
the  charge on this plates Is proportional ±

, =
+

-

+ -

Q= C. v
+

.

• The quantity C is  called the capacitance .

Unit of capacitance :  the farad CF ) : tt  = 1 4v | #

DETERMINATION  OF  CAPACITANCE

CYLINDRICAL : £  = ¥0 ' ¥R
°  FIELD  BETWEEN  PLATES  IS  E  

= £ =
€

E. A

SPHERICAL :

£  =L
.

Q
Integrating along a path between the plates gives the potential difference Vba  = Q . dfo .  A

yzeo I

•  CAPACITANCE  
= C  = § = EO . Ag

CAPACITORS  IN  SERIES  AND  PARALLEL

• In parallel have the same  voltage across  each one : . In  series have the  same  charge
Q  = Q  + Qz  +  Q ] .

. GV + CZV + 03 U
✓ = V ,  i Vz  +  Us

.  Equivalent  capacitor  is  one that  stores the same  nose ¥g=Qat¥ztf÷ } last ,

+ t.cl
,

when connected to the same battery .

ELECTRIC  ENERGY  STORAGE

dw  =  Vdg a  ENERGY STORED  IN  A  CAPACITOR

w=favog=fp÷og=IfQaoo+=¥e u=Ea÷=tza=Iav

ENERGY DENSITY :

a  =  energy density  = tz Eo .  EZ Took  1ms

DIELECTRIC :

Insulator
, and is  characterized by a dielectric  constant K MOLEWLAR  DESCRIPTION :

The  molecules  in  a dielectric ,  when  in  an  eternal electric field ,

C= Kco  = Keo . Aj= g. of PERMHNHX E  = k . Eo tend to become  oriented in  a  way that  reduces the  external field .



( HAPTER 25 Electric CURRENTS AND RESISTANCE

ELECTRIC CURRENT

• Rate of flow of charge thrush a  conductor : I = DQST

. Instantaneous  current  is gives by ; I ,
IQ ] Unit of electric  arrest : the ampere A : 1A  = 1cg

ot

• A  complete  circuit
:  one  where th current  can flow all the way  

around

•  By  convention  current flows from  + to  ←

.  Electrons  actually flow  in the  oposile direction
.

Ohm 'S  LAW

°  Experimentally ,  it is found that the  current  in  a  wire  is proportional to the potential difference between  its ads :  I  &✓

• The ratio  of voltage to  current  is  called resistance

I=Vg V= IR

• Nonohmic  materials do  not follow ohm 's law
.

RESISTIVITY

• Directly proportional to its lessth and inversely proportional to  its  cross - sectional area D= p
. all

• The constant p is  characteristic of the material and resistivity increases  with temperature
.

Pt  = profit d ( t - To )]

ELECTRIC POWER

• Power : Energy transformed by a device per  unit time

P= 0¥ = dog .V or P= IV } Ohmic devices : D=  I ?R D= Y÷

. The unit of power  is the Watt
,

W

ALTERNATING CURRENT

• Current from  a battery flows  steadily in  one direction
.

( Direct  current ) • Power D= Io2Rsh2 ( wt )
• Current from  a power Pplant  varies snusoidalls (Alternating arrest )

^

V=Vo . sin ( 2r) ft  
= V° - snwt )

I  = ¥ = VI.  sin ( wt ) =  Iosnwt µ Power

> t
° Usually we  are  interested in the average power : Time

D= 'zIo2R D= } ¥

he current  and voltage both have  average values of zero
,  so  we  squoe them , take the

average ,
the take the square  root yielding

root near -

square : Ins  = TE . Iozf =  o.to#o
.

Vms .

. if = VE =  0.707W



Microscopic VIEW  OF ELECTRIC CURRENT : Current DENSITY  AND  DRIFT VELOCITY

• Electrons  in a  conductor have large random  speeds just due to their temperature .

When a potential difference is  applied ,
the  electrons

also  acquire  an  average drift  velocity 1  which is generally considerably smaller than the thermal velocity .

° We define the current density ( avert per  unit  area ) - this is  a  convenient concert for  relating the microscopic  motions of
electrons to the macroscopic  current :

j=¥ or

I=j . A  - if current  is  not  uniform I = fj.DE

• The drift  speed is related to the current  in the wire ,  and also  number of electrons per unit volume
.

DQ  = ( no
. of charges ,

N ) x ( charge per particle ) =(nV ) .( - e) = - ( navdst ) (e) I = ¥f = - he Avd

• The electric field inside  a  wrest -

carrying wire  can be found from the relationship between the current ,  voltage and resistance
.

j=1pE= OE

AMMETERS AND VOLTMETERS

• An  ammeter  measures  current ;  a  voltmeter  mcsures  voltage .

Both  are based on galvanometers
,  unless they are digital .

• The current  in a  circuit passes through the ammelvj the ammeter  should have low  resistance  so  as  not to affect the  current
.

• An  onhmeto  measures  resistive ; it  requires  a battery to provide
a  current Parallel

.

Parallel

series



CHAPTER 26 : DC Circuits

EMF  and TERMINAL VOLTAGE

• Electric  arwits  seeds battery or generator to produce  current - caeecd sources of electromotive force ( emf )

•

Battery is  nearby constant  voltage source ,
but  does have  a  small  internal resistance  which reduces the actual voltage from the local CMS

Vab = cf - Ir

RESISTORS  IN  SERIES AND  IN  PARALLEL

A  series  connection has  a  single path from the battery , through each circuit element  in turn
, then back to the battery .

•  current through each resistor  is the same : the voltage depends  on the resistance

✓ = Vl  t ✓ 2  + Us  = IR ,  +  IRZ  + IR ,
Red = Ri  + Rz  +123

- Parallel connection  splits the wrratj the voltage across  each resistor  Is the same

I=I+Iz  + Is ¥q= ¥
,

t YET ¥3

E- at that
,

KIRCHOFF 's RULES

° Junction  RULE
:  conservation of charge .

The sum of the arrests  entering a junction  equals the sum of the currents leans  it
.

° Loop Rule :  conservation of energy .

The sum of the  changes in potential around a
closed Gop  is  zero

.

• PROBLEM SOWING ROLES Slow  Convention

1. Label each current  and direction

2
. Idakfy unknowns

3
. Apply junction  and Gop  rules

4
. Solve the  equations



( IRWITS CONTAINING RESISTORS
 AND CAPACITOR

• when the switch is closed , the capacitor  will begin to  charge .
As  it does

,
the voltage  across  it  increases and the current through

the resistor decreases .

• To find the voltage as  a function of time
,  we  write the equator for the voltage changes around the loop : if =  IR + Q

C

Since I  = 8¥ ,  we  can  integrate to find the chose as  a function of time : Q  = C f ( i - e¥c )

a. a - - - - -
- -

- Ee C

+
-

#air
- - - - -

- -

s 1 .

I o¥q-€
to t.ro zkc she t

to t.ro zkc six t

° Voltage across capacitor VC = QIC Vc  = E. ( I - et 'm )
• RC is  called the time  constant of the  circuit

.

T  = RC

• Current  at  any time t  can be found by differentiating the charge : I = 0¥ =¥tC
- %

• If an  isolated charge capacitor  is  
connected across  a  resistor

,  it discharges .



CHAPTER 27 MAGNETISM

27 .
 1  MAGNETS  AND MAGNETIC  FIELDS

° Like poles  repel . Unlike Poles attract

asog.
•

27.2 ELECTRIC CURRENTS PRODUCE MAGNETIC FIELDS | #

• The direction of the field Is given by a  right - hand rule
. go

27.3 FORCE  ON AN  ELECTRIC  CURRENT  IN  A  MAGNETIC  FIELD ; DEFINITION  OF  D

•• A  magnet  exerts  a force  on  a  current .  carrying wire .
The direction of the fore  is gives by a  right-hand rule

.

•  The force  on the wire depends  on the arrest ,
the length of the  wire

,
the  masnetc field and  its  orientation

.

F  
= Il . B - since

• This equation defines the magnetic field B-
. [ Unit of B is the Tesla ,T]

F- =  It x-D 1T  
=  14AM 0

g. y pop ,  on  an ego , . gang . noun .  ± ,  a  magna ,  me , )
o

• Force  on  a  moving change is  related to the force of a  current :
can  also be direction

F = go xD

PROBLEM SOLVING
• Lorentz Equation

. Magnetic force perpendicular to the magnetic field direction
.

If a particle of charge q moves  with velocity I is the presence
2. Right hand rule for directions

of both a  magnetic field B and an  electric field E
,  it  will feel

3 . Equations give  magnitudes .

a force F= g ( E +8×53 )

27.5  TORQUE  ON  A  CURRENT TOOD ;  MAGNETIC  DIPOLE  MOMENT

Total  TORQUE : POTENTIAL ENERGY

I  =  I. a.  B.bz +  I.  a.  B. ¥=  I.  a. bi D= I - A ' B
U = - npswso = - ii. B

MAGNETIC  DIPOLE  MOMENT :

Mri= N . I ?A

I= NIE xD - I =p . B
27.6 GALVANOMETER

measuring device that tales  advantage of the torque  on  a  wrest loop
to  measure  current

.



CHAPTER 28 SOURCES
 OF MAGNETIC FIELD

28.1 MAGNETIC  FIELD  DUE  TO A  STRAIGHT  WIRE

• Inversely proportional to the distance from the wire .

D= Fg . If no  =
ur . 157 permeability of free  space

28.2 FORCE BETWEEN TWO PARALLEL  WIRES I
§ { Iz Ii f f IZ

• The magnetic field produced at the position of the wire 2 due to the arrest  in  wire is

F  T F  F

B.  =f÷gI
←  →

o The force this field exerts  on  a lersth lr of wire 2 is

Fz  = II. B ,
.k= ten . III. k

28.3 DEFINITLON OF  THE AMPERE  AND THE  WULOMB

° Ampere : Current flowing in  each of two long parallel wires tm  apart  which results  in  a force of exactly 2×152 N per  not of

length

• Coulomb :  one  ampere per second
.

28.4 Amp 'ere 's Law

• Relates  magnetic field around a  ceased gop to  tie  total arrest flours thrush  the  loos JI

§B - de =noIad guff
-

oogoseye
path  made  up of segments

° The integral is  taken around the  edge of the  closed loop
.

• Magnetic field  is  parallel to Ile loop f I

not  =§B .dt=§B .
de =B§de =  Barr ) B = II. RE

SOLVING  PROBLEMS

r
. Identify symmetry

2.  Integration  path that  relates  to  symmetry

3
.

Use symcty to determine direction of field
4. Determine  enclosed arrest

.

28.5 MAGNETIC IECD  of  A SOLENOID  AND  A  TOROID

Solenoid :  coil of wire  containing many loops  N ( n  number of loops  per lnsth ) a Toroid  Formula

D= no
. n  I • field  is  700  outside the •  inside :

 B. =
Mo . N . I

.  outside 13=0
@@@@@ -

0¥ solenoid
,  and  the path  integral is Zrr

= too along the vertical lines
.O 0 0 Ox O

28.6  BIOT - SAUART LAW

gives the magnetic freed due to  an  infinitesimal lersth of current ; The total field can then be found by integrating  over  the  total eessth of

ace areas
. GET ' g=ng÷f%×÷

JB =

MOI df×F
> IELECIRICDPOLETR- r

52
.

P
^ TO -

- E= 1-
-¥

,  - 4rEo r3

rae

I



( UAPTER 29 Electromagnetic Induction and FARADAY 's  LAW

29 .

FARADAY 's LAW OF  INDUCTION

Induced Emf  in  a  wire loop is proportional to the rate of change of magnetic flux through the loop
I

p B
"

.

•

g
a  a

OI ,
= fB.DE A wb=  it .m2 § .

Bt

if = -

d#
B. N

N :  number of loops
.

dt

LENZ 'S  Law :

A current produced by an  induced Emf  moves  in a direction  so that the magnetic field it produces Tends to restore field .

EXAMPLE

D=  0.6T
@ rate of change in fluxX  ×  X  ×  X

× @ E. =
- N . d¥= - 10.0 .  -1.5.10 -2=1 .su

× ¥x×x IT = B. a  =  as . ( s.io
'

2)
'

=

1.  s -15 '
wb st

× ×

Qosn Is =  0  after Ito .  Is set , I  as a
= £ =

1¥
=  Bma

zf
= - i. s .  152 Wb -5 '

1oor@I2.R
. At  

= 2. ZS .  1533 =  E

@ W =  F. d =  E

F= 2.2=53
=  0.045N

5.  10-2

29.3  EMF  INDUCED  IN  A  MOVING  CONDUCTOR

E= 00¥ = Body . Bjf== , .eu
uahdaseonsas  B + etv

29.4  ELECTRIC  GENERATOR

emf
• Transform  mechanical energy into electrical energy . eo .  - -

• Constant angular  velocity :  emf sinusoidal
. # Time

•

E = - ft [ B A.  cos  a)

• E =  Basin ( wt ) 29.7 A  CUANGW  MAGNETIC  FLUX  PRODUCES AN ELECTRIC  FIELD

• E = @#g(wt
NBA N :  number of loops

.

• Generalisation of Faraday 's law

§ E. of = - debut

29 . 6 TRANSFORMERS AND TRANSMISSION  OF POWER

• Transformers :  consist  in two  co .es
,  interwoven  or linked by an  iron  core

. A  change emf in  one  induces  an  emf in the other
.

• The ratio of the emfs  is equal to thee ratio of the number of turns  in each coil .

Vs  = Ns DOIBDT

} - Vg = ng
. Enoss  most be conserved so

up  = Np .

DOIB IPIVP  = Is . Vs ftp.NI
Tt



CHAPTER 30 ITVDUCTANCE
,

ELECTROMAGNETIC OSCILLASTONS
, AND AC GRWHS

30.1 MUTUAL INDUCTANCE

•
A  changing current  in  one  coil will induce  a  current  in the  second coil

.

E= - mi . #
. unit of inductance : the henry ,Hot•

Mz ,  =

Nz .  #2i 1 U = 1 V. SA  =  1 R .  s

T
- I

30
.

 2 SELF - INDUCTANCE

. A  changing current  in a  coil will also  induce  an  emf " itself .
• Inductor mm

E = - N . DEI = - L . 00€ L=  self inductance L=¥#3

30.3 ENERGY STORED  IN  A  MAGNETIC FIELD

. D= I. E =L .I . ¥e U=tzLI2

Energy density :  w= }B÷

30.4 LR GRWITS

• Grwlt  consisting of an  Inductor  and a  resistor  will begin  with most of the voltage drop  across the inductor
.

with time
,

the  current

will Increase less  and less ,  until ale the voltage  is  across the resistor
.

A R B L

•
•

Mm-•c• L - 0¥ + RI = Vo  - I=Yg( ,  . e- th )
It

.

s
.

Uo

* If the circuit  is shorted across the battery ,
the arrest  will gradually decay I= Io e- tk

'

e.0.37  I
- .  -

,

:
 - YR

30.5 LC URWITS AND ELECTROMAGNETIC OSCILLATIONS

=mammy
• Circuit  charged capacitor  shorted through  an  inductor

.

±  after  switch  is  closed
.

+ -

S

+
-

° Summing The potential drops  around the  circuit gives  a differential equator for  Q :
+ =

* iy -

-20€ . , E=o
+

c-

±= .

og
} - do¥z - ¥=o } Q= Qocoscwt  +0 )

°t
frequency =  w=  zrf = F • Current : I=Io .  8h ( wt  *  ¢ )LC

. The total
energy is  constant

,

it  oscillates between the  capacitor  and the inductor



30 .
 6 Oscillations  WITH RESISTANCE ( LRC ARWIT )

• Voltage drops  around circuit . Usdodamped . Ovedamped ° Critical damping

122 < 44C 172 > 44C 122  
= Ullc

L . 82¥ + t.df.it ' Q  =  0

w
'

.

. Fti
Charge in  circuit  as  a function of time

Q= Qoe
# Eos ( w 't  + 0 )

30.7 AC ARWITS WITH  AC SOURCE

Resistors
,  capacitors  and  inductors have different phase  relationships between  arrest  and voltage when placed in  an  ace circuit

• The arrest  is  in phase  with the  voltage .

. Voltage acrros the inductor : V = L . 0¥ = - WLIo.sn @ t )

mm

,
L

V = Vo  cos ( WE  +500 )

~

~

. Vo  = Io . XL XL :  inductive  reactance R XL  =  W L = Zr f. L
• Votage across  capacitor

. V= Io ( Tc ) wscwt - aoo )
C

= Vows ( wt - aot

~

• xc :  capacitance  reactance R Xc  = !z= znlgg

30.8 LRC SERIES AC Circuit
at t=o

R l (
• Analyse  is  complicated :  as the voltages are  not

• Mm Mm It " phase .

suo
 =Io . × ,

• Reactance depend on frequency . €o*=IoR
~

✓

° Calculate  voltage with phases :  vectors  representing  individual voltages .

two
 =Io .×c

• Some time later Aage  accros  each is give by the  ×  component of each
.

° Impedance of circuit Z = R2t@cFz.R'  + (WL - Wtc)

• PHASE  ANGLE between  voltage and arrest

tan0= KI cos  0=1
R Z

30.9 RESONANCE  IN AC ARWITS

* Ims  wrest Ims  =
VI • fo  =  w%r resonant frequency

Z

• Ins  at  max  when xc  = XL → wo  = #
LC

30
.

10 IMPEDANCE MATCHING



CHAPTER
31 MAXWELL 'S EQUATIONS AND ELECTROMAGNETIC WAVES

31.3 MAXWELL 's  EQUATIONS

Modification to Ampere's Law JOTJ.de?=yo.It-mo.Eo...dIIE
Ot

31.4 PRODUCTION  OF  ELECTROMAGNETIC WAVES

Electric  and magnetic  waves  are perpendicular to  each other

31
.

5 ELECTROMAGNETIC WAVES

C :  speed of electromagnetic  waves  in  space

I
C  =

Yy
=  3.0 .  108  mis  speed of light .

31.6 LIGHT  AS  AN ELECTROMAGNETIC WAVE  AND  THE ELECTROMAGNET  C SPECTRUM

o Names to different  wavelengths .

31.8 ENERGY IN  EM WAVES

° U = WE  '- UB  = I Eo . EZ  
+ I BIO , I Eo . Er  t Iz .  

E
'

= Eo EZ o I = ! . ( E ×  B ) I = E°B°_
No Zuo

° S = Eoc E2= CB
-

EB
-

L
-

NO NO

31
.
 10 RADIO  AND TELEUISCOW 's WIRELESS COMMUNICATION


