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17.1 FRAME OF REFERENCE:

The reference axis which are needed to locate the
accurate position of an)sobject in a plane or space is called
Frame of Reference.

For this purpose we use set of two or three perpendi(,ular
lines which are mterseet to each other at a single pomt
called origin. E

Types of Frame of Reference.

There followmg two types of frame of reference.

1) Inertial Frame of Reference:

The frame of references which are in rest or moving with uniform velocity are
. called Inertial Frame of Reference and because acceleration of Inertial Frame is
" zero therefore it is also called Non-accelerative Frame of-References. i
For example our class room, inner Frame of Aeroplane or compartment’ of tram

" when they move with uniform velocity. : "

Propertles' :
~a)  In Inertxal Frame of Reference all types of\accelerations (Linear & angular). are
- ZEro. .

b) * In Inertial Frame of Reference Law f conservanon of momentum and law of
. addition of velocities are remain same.
c) According to the measurement altInertial frame of reference are. equivalent.

2) Non Intertial Frame of Reference:
" The franie of references which are moving with variable velocity are called Non-
..inertial frame of reference and because their acceleration is not equal to zero there )
fore, these are ‘also called acceleratlve frame of reference. o

For Example. e

; f . Inner trame of; aeroplane when 1t is take off or landlng

17 2 GALILEAN TRANSFORMATION OR FRAME OF

' REFERENCE IN UNIFORM TRANSI.ATIONAL MOTION

“"The conversion of co-ordinates from one inertial frame to another inertial frame IS

called Transformation and the set of equations which obtained is called Transformation

equation.

Galllean Hypothesns.

Y N All laws of Physics remain same in 1nert1al frame of reference Wthh are movmg

with uniform veloc1ty, w.r,t each other. ' :

For Example. N
. If 'F'= ma is valid inertial frame “S” then thrs equatlon is also valid or similar in

othex frame “ S'” which moving with uniform velocity w.r.t Ist.

Time is absolute (t = t') in Galilean Transformation.-

- Transformation of Space: - ,

_ Consider two frame of references “S” & “S" coincide to each other at t = 0 now
suppose that frame “S"™ is moving with uniform velocity “u” along the x-axis, also
suppose that a point “p”” whose co-ordinates are (x, y, z) w1th respect to frame “S” and
(x',y', 2') w.r.t frame S' as shown.
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P (x'y',2")
e,

X!
(S) B (S") -
Z ’
, Similarly »
The position of point “P' ™ Position of point P' measured
measured w.r.t frame “S” is w.r.t to frame S'
I x=x"+ut (1) | x'=x—-ut X 2)
Hy=y y'=y
z=2 ' zZ'=z
t=t v =t B

“Above sets of equatlon are known as. Transformatlon Equatlons

;'Transformatlon of Velocity:
: . Using equatlon(l) .

x=x'+ut
D1v1ded by ‘t’ on both s1de 4
X X! ut L Bk
- ot t wee

X x'

— = — 4+ u

t t

s X .

But -t— = -t— = ve]oc1ty

The equatlon is said to be law of addmon of velocmes ) e o T -
v& Velocity of point “P” measured w.r.t frame “S” ‘ \

vi'= Velocity of point “P” measure w.r.t frame “S"’
»u = Relative velocity of frame “S"” w.r.t “S”

Transformation of Acceleration:
Using equation (A) law of addition of velocities.
v=v'+1u (a)
Now consider ob_)ect change its posmon from point Pl to P2 therefo;'e at pomt P,
and “Py” equanon (a) can be written as. .
vty tu (b)
and va=vwvy' +u (c)
.-Subtract (b) from (c)
V2 —V] = (Vz' + U) - (V;' + u)
Vo—-vi=vy'+tu—-v,—u
Vo — Vi =V = vy (d)

. :\T‘

[u is uniform or constant]
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Since time is absolute for Galilean Transformation
g =1 ‘ o=t S h=t At = At'
i Hence divided by At both sides of (d)

Vo-v vyt

At At
- Av AV
_or =
’ At At
s k Av -
T vl
or . ja=a'|--meeeeu --(B )
. (B) Av a
a7

It shows that acceleratlon is not transform and it is remain same in both frames.
Transformation of Force:

- Consider mass of the Ob_]CCt which is under observation from both frames S&S'
‘5’15 m” therefore, force on object measured in frame “S” can be written as.

o F=ma__ . (1)
~ Similarly force measured in frame “S"™ is
.4 F'=ma' = 7(2)
but a'=a -
S F'=ma
From (l) : ,

Thrs shows that force is remams same in both frames S & S' 1t means that Force lS,v
““also not transform b '

il.lmltatlons.

.,“\‘ i,

e

. ;"/(I heory of relatrvrty is ngen by Albert Emstem in 1905 Wthh states that there is
no absolute state exist in universe, all state are relative. ‘There are two types of
relativities theory),/ R :

B (Ge‘neral Theoly of Kelatiwty )
woK :.ron of o ect and frame of reference) * B

| ) Specral Theory of Relatlvlty

Ttis belongs to umform motion relative of objects or frame of reference (lnertlal
frame)

o Postulates of Speaal Theory

- Specral Theory of Relatrvn‘y basedor depends upon some assumptlons Wthh are
'called postulates of theory. These are given below ‘ : -

i) .Thereis no absolute inertial frame of reference All framés are equrvalent for the
o descnptlon of all Physrcal laws '

ii) - “The speed of light in vacume or space always remains same and does not depends
upon relative motion of observer source or both observer and source so lt called
.universal constant and its value annroximatelv 3 x 108 m/sec (c =3 x 108 m/sec) |
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RESULTS / CONSEQUENCES OF SPECIAL THEORY OF REI.ATIV[TY
i) ' ‘Mass Variation (Increase in Mass) =

If an object is moving with such a high speed that cdmpéra‘ole to the speed of
light then the mass of the object is change which can be determine as follows

ii) Length Contraction:

If an‘object is moving such a high speed that comparable to the speed of light
then its length become smaller along the direction of motion which can be determine as

follows.

L=L, Jl-—

iii) Time Dilation: ,
If a clock is lying in an inertial frame of reference,that is moving such a high
" speed which compareable to the speed of light then it observed that the clock is going

slow, it means that needle of second take long time to transfer from one digit to other,
thrs phenomenon 1s known is Trme Dilation, whlch can be vdetermme as follows ‘

AIV) ‘Mass Energy Relatlon'.

It is the famous and remarkable relatron whrch called Mass-Energy Relation.
Accordmg to this relation'mass can be converted in energy and Energy can be converted
i ass 1t 1s explamed by Emstem s

: Where i
m = mass of the Ob_]ECt in Rcst (Rest mass) ,
C Lo = Length of the object in Rest (Rest Length) - st

Up= Length of the moving obJect or observed in movmg frame

Y B

-v= ‘velocity ofmovmg obJect or frame

e = velocity of light
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Limit of Speed of Material Body: ‘

Experimentally the speed of any massive body can never be equal to or granter
than speed of light to prove it consider.

v=¢
e M _ . m,
RS <
¢’ ¢’
m: mo = mo
1-1 0
m=oco

If mass of a object becomes infinite it means that its energy ds. also becomes
infinite but practically it is impossible. Hence we can say that the speed of any massrve '
body always smaller than speed of light.

r , V#cOR. VAc ~ OR V=<c
17.4 BLACK BODY RADIATION:

A black body is the one which can absorb radiations falling on its surface. An
absorber is simultaneously a radrator also.

Perfect Black Body' :
A perfect black body is the one whrch can absorb all radratlons that falls on 1t AT
perfect black body does not exist. For all forms of radiations a hollow sphere of metal -
with a fine hole in it called cavity radrator is approxrmately a perfect black body,
whrch is shown in the figure. . : : ~ '

" Any radiation entering the hole of the cavrty is trapped by
multlple reflections inside_and very little of which are able to-
escape. If this black body isheated, a number of radiations start to
emit, due to this property 1t is also a perfect radiator.

R

8 Characterlstlcs of Black Body Radlatlon'

“(1) If different materlals are heated to some unn‘orm temperature then they emtt‘
ok radiations. v L

(2) The graph of such radiations are the curves.
with no regularity or similarity. But if the
cavity . radiator is made up of different

.. materials is put in a furnace, then the study of &
~ . _their curves obtained tells that the energy
_\,,.i-dlstubutton is mdependent of the material of
" the cavity and it only depends upon the
~temperature of the cavity. That is the reason
- why radiations from a perfect black body are
sometimes called temperature radlatlons

(3)  Black body radiations lie in the regron of infra red and visible light only
(4) There is a single radiation nor there are infinite radiations from any blaek body.
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Wien’s Displacement Law:- _
Wien studied the relationship between wavelength of maximum energy radiation
and temperature and states that “The wavelength corresponding to the maximum
energy “A,” is inversely proportional to the absolute temperature “T” of the black
body”, mathemaucally »
I

7\,mOC .

OR ka = constant
This constant is a universal constant and its value is 0 0029 mK.

ENERGY DISTRIBUTION FORMULAE:

Stefan’s Law:-
~ According to the Stefan’s law, the amount of energy of all wavelengths radiated
per second per unit area of a black body is dtrectly proporttonal to the fourth power of
absolute temperature, mathematlcally :
E o T* '

OR - E=oT' .

Where o is the constant of propomondhty called Stefan s’constant and its valué i is
5.67x10 w/m¥/k®. Stefan’s law is however failed to predtct energ,y d1str1but10n in the
entire curve at all curves. : ;

Raleigh-Jeans Law:

An attempt to modify the Wien’s law, Raleigh and J eans proposed a law based on
the assumption that radiations are emitted by, a.large number of atomic oscillators such
that each mole of vibration was supposed-to be associated with thermal energy KT,
where 'K is the Boltzman constant. ;Aceording to Rayleigh-Jeans law the -energy
associated with a partlculal wave Iength is lnversely proportlonal to the forth power of
wave length ¢ o

S i.e., 3 E= consiant )%

e k .

This law had been found fit well for long wavelengths but it leads to lnﬂnlte
energy for short wave lengths Wthh is found in ultravxolet catastrophe

Plank’s Law:

‘ In 1900, Max Plank proposed a formula which explained in detail the whole black
body radiation. spectrum for all wavelengths. In all the previous attempts the basic
assumption’of the theories was that the energy exchange between the radiation and the
_material of the’ cavity took placeina continuous way as this assumptlon was based upon’
classical Physics. According to Plank radlant energy comes out in discrete amount of
bundles of energy or wave Packets called quanta. The energy content of each quantum
was directly proportional to the frequency of radiation. . .- o
Mathematically..........
E=hv
The departure of plank’s law from classical theory lies in the fact that classtcally
energy is dependent of wave amphtude but in quantum theory energy is dependent of
frequency of radiations. :

Ultraviolet Catastrophe:-

Ultraviolet catastrophe is the series of infinite energy radiations in the region of
x-rays and ultraviolet rays.
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17.5 PHOTOELECTRIC EFFECT: : 2

When ultraviolet light of certain frequency falls on a metallic plate then some
electron emits from the surface of metal which are called photo-electrons, current is
called photocurrent while the phenomcnon is called Pl hotoelectric Effect.

Construction:

For the production of photoelectrons a glass tube shown i in figure which" conslstsw
two metallic plates one is connected to positive terminal of the battery, called collector”
and other is connected to negative terminal of the battery, called plate. A galvanometey
is also connected in series to mdlcate the photocurrent or flow of Photoelectron.

Photon é Source of light

T

: Workmg.

When' ultravmlet hght falls on metalhc surface (plate) then photoelcctmns emit
from it and moves towards +ve plate (collutm) and galvanometer shows deﬂecuon due
to photocurrent. :

| APPARATUS SETUP: el
For Maximum’ Energy of Photoelectrons. ML A e

.. Jo find the maximum energy~of photoelectrons we change the texmmals of
-.battery now plate becomes +ve and collector bwomes ~ve as shown

source

LR

g f =

-V, = stopping potential

When ultravxolet hght falls on metalhc plate then electrons are emlmng from’ the
surface of metal but due fo +ve charge ofi -plate some electrons deposit on it ‘which are
“called captured electrons and those electrons reaches to the ~ve collectotr whose energy
is maximum, If we make collector more negative continuously then after sometime no
electrons reach to collector and galvanometer shows zero deflection.

The potential at which galvanometer shows no deflection or zero current is called
.stoppmg potential denoted by “Ya” Now. e LRy

(K E)max . oe LA ) ; ; LR , LA AT

lmv; =Ve —————(a) ‘
2
Vo = maximum velocity
V.= stonning notential
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Hertz Observations: _

(1)  For the emission of photoelectrons from the surface of metal a light of certain
frequency is required this minimum frequency is called threshold frequency
denoted by “vo” It means that No photoelectron emits from metallic surface if
the frequency of incident light is less than threshold frequency.-

After Threshold frequency (vo):

(2) The energy of emitting electron is dlrectly proportional to the frequency of
incident light.

(3) The number of photoelectrons emits from metallic surface are directly
_propositional to the intensity of the incident light.

GRAPHICAL RESULTS:

(1) Graph between Frequency and Kmetlc Energy of Photoelectrons.

When' the graph plotted between frequency of llght and
K.E of photoelectrons, then it shows that no photoelectrons are «
emitting when frequency of incident light is less than a certain
minimum value which is called threshold frequency (v,), after
v, the K.E of photoelectrons is dlrectly proportlonal to the
frequency of light. ,

L%7%
4

—
Freauencv '

(2) Graph between Current and Potentlal
(a) When Frequency is constant but mtensnty is dlfferent.

When the graph is plotted between current and potentlal at same frequency but
different intensity of incident light then it.shows that at a particular potential (v = 0)
current becomes constant which is called saturation current (Io). If we decreasing the
potential towards —ve side then at\a\particular —ve potential current of all different

mtense lights becomes zero, this potemlal 1s called stoppmg potential (vo) as shown.
Cur{ o
FuA)

IS VNS

1 ’v m o
ln(ensilv i1 .
: Intensity - | T
! } [, = Saturation current B

-V, o » v
Pntential

" This shows that saturation current is depends upon intensity of incident light but
stopping potential is intensity independent. It means that energv of photoetectrons does
not depends.upon intensity of light.

(b) When frequency different but lntensuy constant.

When the graph is plotted between potential and current at same intensity but
different frequency then following curve is obtain.

A 1(pA)
I =11 = Intensity
v
vy : [, = Saturation current
Vi =Vn ~——5 Potential

Above graph shows that stoping potential is frequency dependant but saturation
current is frequency independent it is also shows that energy of photoelectron depends
upon frequency of incident light..
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SOME IMPORTANT DEFINITION:
Threshold Frequency:

The minimum frequency of incident light which is required to ejection of photo-
electron from the meta!lic surtace is calied Threshold frequency denoted by “v,”.
‘Work Function: o
+  The minimum energy of incident light which is required for the ejection of
photoelectron from the surface of metal is called work function denoted by (@ or @,) its
value depends upon the nature of material of plate. Mathematically it can be written as:
PR

A

0

" Ao = Cut off wavelength

Stopping Potential: -

The potential across the metallic plates (collector and plate)atwhich photocurrent
becomes zero-is called stopping potential denoted by “V,”. :
EINSTEIN’S PHOTOELECTRIC EQUATION:

According to the quantum theory, light consists large-number of packet or bundle
of energies which are called quanta or photon. ’ |

When a photon of energy (E = hv) falls on the surface of metallic plate then some part
of its energy utilize to eject the electron from surface'of'metal and remaining part used in K.E
of Photoelectron mathematically it can be written A,

. [ Energy of Photon] = [Work function ]+ [K.E of Maximum of electron) —> (1)

OR

Eepe KBl s (a)

But -E=huv, ®s=hv;  (K.E)pax = Vee
"~ hu=hv, +. Ve '

Or Ve =hu=ho,

Or  [Veeshw-v) — (B)

c
But c=0X .. v=2 and v, = —
A A

o

\

[V.e = he [;\--—x—) —(C)

Equation (A), (B) and (C) are the different forms of photoelectric equation. -

Ve = Stopping potential
v, = Threshold frequency
Ao = Cut off wavelength

Failure of Classical Physics:

(1) There is no concept of threshold frequency in classical physics.

(2)  Wave or light can not eject the particle (like electron) from surface of metal.

(3)  According to classical physics energy of photoelectrons depends upon intensity
(Amplitude) but experiment shows that the energy of photoelectrons depends
upon the frequency of incident light. ' '
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17.6 COMPTON’S EFFECT:

In 1924 AH Compton confirmed the existence of photon by st.udying the
scattering of high energy photon (x-ray photon) with an electron. In the photo electric
effect it was assumed that photon imparts all its energy to electron, where as in
Compton’s effect photon imparts its energy partially to the electron.

It is sufficient fo analyze the scattering
process in a single frame of reference. The :
electron is treated at rest for high energy E=hU: scattered
photons. The photon approaches to wards the p, =% Photon
electron with a frequency v, and is scattered 1
at an angle 0 with a lower frequency v,. The E='hUW 6
photon energies before and after collision are  Incident electro b
hu, and hv,. Where as the corresponding Photon atrest
momentum are hv,/c and huv,/c. The energy
and momentum of recoiled electron are (m- - Moving p=m.y
mg)c® and mv respectively. If the laws of electron E =me’
conservation of energy and momentum along and across the diréciions of approach are
applied, we will get the following equations: : ’

Conservation of Momentum along the Line of Impact:

‘P,=huy/e

.-i—lE-COSO +0= hv, CosB+mv Cosgp -
c c
hv, h
21 =12 050 + my Cosop B )
c - c :

Conservation of Momentum across the Line of Impact:

02 Sin0? + 0 =12 $ing - mv Sing
oS0+ 0 ==

= M g0 -y Sind et (2) _'
¢

Conservation of Energy: .
hoy + mec” = hOgyr (m - mg)e? e 3
By solving these three equations, the following results were obtained:
- 11 ' -

—_———= —h~7(1 —cosf)
v, vV, my

but c=vy = or L_2 ,
_ . vV cC
—1—(?»2 —X‘):—Lz—(l—cose)
c m,c

{

A, —A, = —h—-(l — cosf)
m,c
This equation is the famous Compton formula for increase in wave length of the"
scattered photon and the factor h/myc is called Compton’s wave length, denoted by:
W

m,c

A, = =2.426x 10" m.

c
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17.7 PAIR PRODUCTION:

When a photon of high Encrgy (y-Fl 10ton) callide with the heavy nucleus then it
“losses its identity and disintegrate into a pair of antiparticles one particle have — ve
charge, called electron (e7), other have + ve charge called positron (¢") and this
phenomenon is known as pair production or materialization of energy.
In this phenomena Energy, mass and momentum are conserved.
. Since rest mass Energy of an electron is 0.5] IMeV therefore Energy of incident
photon for this productlon of pair of antiparticles must be equal or greater then 1.02MeV.

Electron
- ) e‘
If  E=hv =1.02 Mev then v ho o
. Ce= (o). + zmoczm E > 1.02 Mev o
"And If  E=hv>1.02 Mey then | , ‘\
E = (mo¢")er + (K-E)er + (myc?)e + (K.E). Positron

(mocz)ﬁ + (mocz)e- = rnocz

[E = 2m,c? + (K.E)e. + (K.E). |
OR .

lhv = 2m,c? + (K.E),. + (K.E). ]

From - -
Above equatlons it is clear that if Energy of photon is less that -1.02 Mev then
‘phenomenon of pair production is not possible.

. - If energy of incident photo i is greater than 1.02 MeV.then 1.02 MeV use to produce
- the palr of antiparticle and remaining part used as a K.E of both electron and positron. -~
Annihilation of Matter: _ : - :

 The phenomenon in which electron and positron are eombme to each other and
disappear and produce two* photon (y-rays) is called Annihilation of matter

Photon

e Electron

“Photon

+

e’ J ‘Positron

. Thls process is also called inverse of pair production and the energy of each photon
(hv) is equal to 0.511. In this process mass Energy and momentum are conserved.
2hv =2moc2 + (K.E)e~ + (K.E)e+ '
2hv > 1.02 Mev
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17.8 WAVE PARTICLE DUALITY OR DE'BROGLIE’S
HYPOTHESIS:

It has been observed that the phenomena like photoelectric effect and the
Compton effect could be explained if electromagnetic radiation was supposed to consist
of packets of energy called quanta or photon which behaves like a particle and move
through space with the velocity of light. On the ofher hand phenomena interference,
diffraction and polarization could be explained if light is treated as wave phenomena.
This fact led Louis De'broglie to make in 1924 a daring suggestion that if light which is
known to consist of waves can under certain circumstances assume the aspect of particle
then the particle should also behave like ‘a wave. He based his reasoning on the

assumption that nature possess sy mmetgy /pd that the two physical entities, i.e. matter

and wave must be symmetrical also> Deabmghﬁoak—quan&m—ﬁea—ﬂf*mgn-@f
mwﬁpheten—eﬁrad—a&en—e@freqnmcym@e \
E=hvo = - ¢

If photon 1s considered to be a partlcle of relativistic ‘mass “m”, its energy is given
by:

E=mc®  cmmmeeemeemeenees (2)
Under wave-particle symmetry

hv = mc*

hu = (mc)c

‘where p = mc, the momentum of photon

_ hv =pc
also c=_p7»”'
OR P

\ A
“he

= epe
P

h_

Py p

“OR a=l
’ p

This equatlon is called De'brogleis equation and this wavelength is called
V\De-broghe s wavelength The novel idea of this equation is wave-particle nature of
matter i.e. with relative motion of particle, a certain wave links with it. This idea leads to
‘d;lal nature of light also. '
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17.9 THE DAVISSON AND GERMER EXPERIMENTS:

The theoretical prediction of De'broglie’s hypothesis of wave nature of particle
was experimentally confirmed by the famous experiment conducted by Davisson and
Germer in the year 1927. They were investigating the scattering of electron beam by the
metallic crystal of Nickle, The e;;pcrimental set up which was enclosed in a vacuum
chamber is schematically in figure:

" A beam of electron accelerated through the potential V were allowed to strike the

Nickle crystal. Measurements were made to count the number of electrons scattered by

the crystal. »
Davisson and Germer reported the
(A
unexpected result that electrons reflect  electron ;
. ] source ) ¥ . -

very strongly at certain angles and not at 2, -Hlectronbeam  TiNickle

o Il_— Crystal
other direction. These results remained E . .

] .

unexplained for sometime until it was : %
suggested that, perhaps this was an Detector

outcome of wave nature of electron. Vacum chamber

Davisson and Germer then further investigated to observe that if it could be possible to
interpret that electrons behave as waves'of wavelength X as given by the De-broglie’s,

relation:

Az (1)

o |

They calculated the wavelength of electron from the accelerating potential V by

applyi‘ng the relation for kinetic energy of the electron i.e.

—l—mov2 =eV
2

OR v fZeV
. ) mo-
_h

From eq (1) A=
SR m,v
OR L
2eV
m()
mO
A= h
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The wavelength found from this formula agreed with the De-broglie’s prediction

and it was concluded that electrons are reﬂectéd from various planes of the crystal in the
same manner as their De-broglies Waveé should be reflected thus the Davisson and
Germer experiment had provided a direct evidence for De-broglies hypothesis that
particles have wave like properties. As the years passed it has been confirmed that other
particles neutron, protons atoms molecules etc. ére associated with the same wave

effects as that of electrons.

17.10 PHOTOCELLS OR PHOTOTUBE OR
PHOTOEMISSIVE CELLS:

A photo cell is based on phofoelectric effect. It consists of.an evacuated glass

envelope fitted with an anode wire and a cathode of appropriate emitting surface.

light
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The material of cathode is selecféd for a frequency 'réﬁge over which itv has to
operate. The cathode is made of.a concave shape. | ‘ ‘

When light of frequeney greater than the threshold frequency of cathode is
incident on it, it emits phofo electrons. These electrons ‘are attracted by _tyhe‘ bositive
anode and the current/flows in the external circuit. The current increases with light
intensity. Thei current increases with light intensity. The current will ceases to flow if
the light is inlterrupted.

Photocells can be used in many devices where the beam of light falling on it is
broken e.g.: v v
1) To count the number of vehicles or items on a conveyor belt.

2) To open doors automatically. ' |
3)  To operate burglar alarms.
4)  To operate automatic lifts.

5)  To open and close street lights in the evening and in the rhorning.
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17.11 PHOTO VOLTAIC CELLS:

A photo voltaic cell consists of a copper disc, oxidized on one face, over which a
film of gold is deposited by evaporation in vacuum. The film is so thin that light can

pass through it, thereby generating an e.m.f. and therefore provides a current without a

battery.

Cu

Photo voltaic cells are sensitive to visible light . and- are frequently. used as.:
exposure meters in photography ‘One of their important usé ‘in the production of
pictures in T.V. camera and the sound tracks of motion pictures. The sound mformanon
is stored on the film run between the light source and-photocells. ’

Variation in light intensity reaching the egll’ cause pulsation in the current that
after being amplified activates the loudspeakérand reproduce sound.

17.12 THE UNCERTAINTY PRINCIPLE:

" In classical physics it i’svéssumed that position and momentum of a macroscdpic
moving object can be measureda_simultaheously with a high degree of accuracy but for
microscopic particles there)is-a fundamental limitation to the aécuracy of finding their
position and momentum simultaneo_us]yu‘ This limitation was  first expressed by
Hei.senberg in 1927 and is known as Heisenberg’s uncertainty principle. The uncertainty
principle states that:

“It is ‘impossible to measure with accuracy both position and momentum
of a particle simultaneously.” ' -
" Mathematically..... AXxAp = 5
g T .
Similar to the uncertainty of momentum and position, yet there is another
uncertainty exist between time and energy, as:
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