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18.1 ATOM AND ATOMIC MUCLEUS

* All matter is composed of atoms that are in turn composed of a heavier, central,
one element from the ' positively charged core called ‘nucleus’ surrounded by a less massive negatively

cleus distinguishes

mber of protons jnanu charged cloud of ‘electrons’. The nucleus lies at the center of the atom,
beaain 55 ton number Z, nucleon number occupying only 10 of its volume since the electrical force comes from both the
O ontva 'uusnuc\idesw"Si"Sthe grubolofpes gy electron and the nucleus as shown in figure 18.1. The nucleus is about 10,000
‘f i i i 5 ene = . = " = 3
anndthe nuclide notation X. able, give ot radiation to get ri afimiees times smaller than atom. The size difference is like a ping pong ball in the center
: are unstable,
that some nucleiare

i v explain

ofa2kmcircle.
types of radiation ar€ a,p&Y- | :

o describe that the three

inacti jssions:
3 ./ state, for radioactive = Volume occupied
o their nature by negatively
o their relative jonizing effects. : | charged electrons
: ing abilities. dicactivity ;
otheir relative penetrating  +o another element when @ €
nge into ano

v explain that an element may cha

i quatiOﬂS z 1

alpha or beta particles are em! - it .
v drﬁbe that radioactive emissions occur randomly over space and Approximately 107 m

W : Approximately 10" m
g i ctive material. e O A0S L

v explain themeaning of half life of aradioa e licati ;

;dezcﬁbe“hatam radio isotopes. What makes them useful for varnous app All nuclei are composed of two types of particles: protons and neutrons (calles

+ describebriefly the processes of fission and fusion. nucleons). The only exception is the ordinary hydrogen nucleus, which is a singl

Y -tssources. . B ;
+ show an awarenesscfmeexislenceofbaﬂglOund radiation an .l _ proton. In descr ibi"g the at{llllic nUC '.E“S, we must use the tDuOWIIngUa.IIt‘ties.
i i of anC'-EII[ Db]ECL 5
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: lled the charge number), which equals the
etimes €@ i
o The atomic number, (som .
eus.
number of protons inthe m;dn'umber A, which equals the number of nucleons
o The nucleon (or mass s
tons) in the nucleus ,
(neutrons plus pre per, N, which equalsthe number of neutrons in the nucleus (N
m
o Th;e neutron nu , N f =
Gl tem O
iti jent to have @ syS
nting nucled, it1s conven g
: relfl:lﬁo show how many protans and neutron:s :t:e
sy;ent The symbol used is AX, where X represen '
z:ernici;l symbol for the element, 7 represents the num .e; Z
of protons and A represents the number of nucleons (€| \umber of protons

Ane and Aautrancl

(iron)hasa nucleon number of 56 and an atomic number of 26; it
-26) 30 neutrons. The subscript Z is thus

26 protons and (56
: ple for nitrogen 5N, we already know thatZ =7 for

N, call it as ‘nitrogen fifteen’ (or may write as

therefore contains
sometimes dropped. For exam
pitrogen and we simply write

nitrogen - 15).
cular element contain the same number of

The nuclei of all atoms of a parti
neutral atom) but often contain different

protons (and consequently electronsina
numbers of neutrons. The nuclei of atoms which have the same number of

neutrons and protons are termed as nuclides.
Within the nucleus there are Z positive charges. To keep these
apart, the nuclear force must supply an attraction that overco
repulsion.
18.2 RADIOACTIVITY
The spontaneous release of subatomic particles or gamma rays b
atoms as their nuclei tend to break apart into other particles to attain
is called radioactivity. An element which possesses such property is
radioactive element. ;
Some nuclides are unstable, in order to attain stability, elements emit thre€ types
::h“dia“““: alpha (), in which the emitted particles are ‘He nuclei; beta (8), in
an;ch the emitted Darti.cles are e‘.tper electrons or positrons (positive elecmns?:
gamma (y), in which the emitted “rays” are high-energy electromag“e“c
radiations . Nuclei which donot emit radiations are termed as ‘stable nuclet'-
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charges from flying
mes their electrical

y unstahle'
stability
called
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directed into an eva ti
cuated T Ve sample
chamber (region from which Figure 18.2 - Radioactiyigy i Ple (e.g Radium) is
air is pumped out) in which Y in force fields
there is a magnetic field. Lead cylinder
\

The image on photographic
plate shows that the beam
splits into three components x %

two bending in Dpposit; X % I r i
directions and the third N
expericncing ne changa in
direction. By using the force
oii charged particles in
magnetic - field, we can
conclude that the radiation of

plate
Magnetic field into the pape
.

X ox
¥ ox
" »
¥ x

Alpha (a) rays

X X 2% x
x”z;‘ﬁ-’-xx
#

Gamma (y) rays

Pm i iy, x ox

material * X X% a0

Evacuated chamber ° Beta (p)
rays

(a) Alpha, Beta and Gamma rays in magnetic field

the un-deflected beam carries Phot

no charge (the gamma 'y’ ra Lead cylinder g
y), pake

the component deflected A\ A

upward consists of positively
charged particles (alpha ‘a’
particles), and the component
deflected downward consists
of negatively charged

Negative

Alpha (a) rays
Gamma (y) rays|

: : Radioacti —_—
particles (beta ‘B’ particles). ?;i;ot:figre Positive N
S'IITI;Lar ob_sewations A Evacuated chamber Y Beta “3] rays
ma i :
i e by passing a beam (b) Alpha, Beta and Gamma rays in electric field
mitted from radium through “ - .

an electric fi -

Radio:::]i;?e,l;d PlaCEdl perpendicular to the beam as shown in the figure 18.2 (b).

Slad dm: bCCU;S ‘ﬂflthcut apparent external cause and cannot be speeded up or

defined batter: physical or chemical means. Radioactivity is a process without

predicted beca-.; rule or met.had and occur randomly. Radioactivity cannot be

Paﬂiclllar.nuc[e-se the precise moment of disintegration is not known for a
i. Individual disintegrations occur randomly.
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: 238 g
inds of radiationhave "
It is found that all the three kin W X

1#,2.1 Hature of pmissions

3 i [ ) e Zal
- - rad:at::n |-lial[;:ha o', beta ‘B’ and gamma 'T':'ha\'equn:ﬁ.:f All the three types of
; re. elium nuclei (i.e two protons in air. Alpha (o) particles ionizes air erent ionizing abilities
e {ons: Alpha particles are infad;e nucleus. When the ratio of z than beta (B) and gamma (y) radiatrir::am v
i, Alpha (@) emiss 'd tngelher] emitted from ; < restore the balance by | abitity as compared to aloha ‘o’ s. Gamma radiati
and two neutrons b?unhe Jcleus is too low, certain altortt : ’ ; Pha *a’and beta ‘p’ radiations.
. < to protons in the 5 . | 18.2.3 Relative Penetration abilities: i :
DALY i, ' , have high atomic diati i i Penetrating ability s how deepy
emi[t'.ngalphapa large atoms (that is, they . radiation can go into a material, All the three eeply a
<sjons occur in very
Alpha emission

i o types of radiatj At
p' and gamma ‘y') have quite different i radiation (alpha ‘g’ beta
numbers).

’ nsist of electrons emitted from the . partr.cies bargly -penetrate a sheet of paper an
peta (/1) omissions: Betd sk the ratio of neutrons to protonsin the : centimeters in air; beta particles can penetrat
fi, Deta o ion occurs when

rticle emission

; in air of about 1 m: and

to a proton and an range n air o H gamma rays ¢
PP In this case, an excess neutron transforms into 2 p |

us is too high. In !

netrating abilities as well. Alpha
d has range of no more than a few
eafew millimetersofaiuminurn has

Towa ¢ an penetrate several centime
L e erectron 1s ejected energetically. lead and has an infinite range in air as shown in figure 18.4 (a) ters of
nucle R e e : ; -4 (a).
-———-ﬁ"“'ﬁ%’%ﬁ"&u’ ?s‘a;?t;ble; the lone neutron on average of about 12 minutes ation'ab
neutron - :
: ission’ Al
will decay into a proton and an electron. [ESRRREPSERR FENN TS () gy b (e e ]
f free protons Human
The spontaneous decay O
has never been observed and the =l - Electron - l\ hand Concrete.
: T —_—— &
proton is therefore, considered astable Free . F faa ¢ =]
: i r Proton } — T N
particle. A neutron with a proton 1 Meutron i | t:' e
sta,hle. % 1. a3 = from 1 Y =— — i .
Gamma emissions; Gamma rays are electromagnetic radiation emitﬁed atom \
'l L s
m.e nzdeus Gamma ray emission occurs when the nucleus of a radioactive J
has too much energy. _ Infigure 18.4 (b),

TABLE 18.1 ALPHA, BETA, AND GAMMA RADIATION

itis shown that a-particles can be easily absorbed b
where as beta and Spi Sradpr

2 - e gamma will pass through. Beta radiations on the other hand will
Composition Charge| Effect on parent nucleus o asily ﬁtﬂpped by concrete block. Whereas gamma will travel few centimeters
: Mass loss: new element ore being absorbed in concrete. '
2 protons and 2 neutrons | +2 “produced 18.3 NUCLEAR TRANSMUTATIONS
ass: new - In radioactivi
ahacitin 4 No:&ﬁ:ti:rrgd Amradmac'-'“_"l ty, an unstable nucleus emits radiations to become more stable.
_ . ong 3000 known nuclides, only 257 are stable. The process through which an
high energy
gamma ¥ electromagnetic [

unst,
energy 1055 nucrable nucleus (parent nucleus) transforms (or changes) in to a more stable
Eiistions S/’,J ide (daughter nucleus) is called nuclear transmutation (or nuclear decay).
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Radigactinity lement is called parent and newly N
Jtations, the e original € \\\

ar traﬂsm
inthese nucte 15 daughter”

fﬂnned elementis 9

48.3.1Alpha decay: In a‘q:"f‘-af g ;;m o
jon 0

3 ter’ by the emiss i

:ﬂ::ter nuclide has 2 nucleon numbe

two. Mathematically m

rocess. Nuclide ‘X’ changes into nuclide
eof energy ‘Q'.

y, the e original «parent’ nuclide is converted toa
galancing the reaction shows that the
by four and a charge reduced by

inthe p
article and the releas

= TRf + ‘He(@)+Q

rgy released

is the ene
A £ ofalpha‘a’P

'y mththeemissmn
43

Example: 1558

decay of Uranium

- Alpha

@ ) = TgTh+ ‘He () +Q

@ The emission of an alpha particle by uranium-23
in the formation of thorium- -234

8 results

AMPLE 18.1: ALPH
o eously emits an alpha (@)

um - 218 (!5Po) atom spontan
me other element. Show the process,

reaction notation.

SOLUTION: Alpha decay i given by the relation X = MY +o+Q

From the periodic table, we find that polonium chemical symbol is PO and .

atomic number is 84, Therefore:
 Putting values 1po — X + He(a) +Q

or P 2K + $He(x)+Q :
"1!1 :E

NOT FOR SA

Every element has a unique a
tomic numbe; ;
element to be lead (P r. The period e,
(Pb) withZ = B2. The finalizeq equatiunt:atlahle ;I';ows ik ‘\\
now Writlen as b |

i
;:PO—) ﬂpb"l- 1HE({1]+Q _‘_m

s pclonium - 218 undergoes a- decay it converts into |
ASSIGNMENT 18.1: ALPHA DECAY OF RADIUM 0 lead - 214,

Find the daughter nucleus when rad
ium - 224 unde
rgoesalpha decay.

18.3.2 Beta decay: Unlike a-decay, B (or electron) g
change the number of nucleons. In essence ec
proton.

ay of a nuclei does not
» B- decay changes a neutron into a

[§X= Y +B7+Q

Where ‘Q’ is the energy released in the '
process. Nuclide ‘X’ cha
‘¥* with the emission of alpha ‘a’ particle and the release of energ:g‘z %hgiio

Example: 6C=")N+p-+Q

- ECEB‘U}ThUnum e

g "? L m—p ™ "":ﬁ‘ 4
@ 3 -r’:J 1 " 34Th Pd - l :
@ T "r-
® The emission of a beta particle by thorium-234 results
in the formation of protactinium-234

.BETA DECAY OF IODINE

Fig =
an; Lmtupe iodine-131 undergoes beta decay. Write the reaction equation,
etermine the identity of the daughter nucleus.

- Beta dec i

From the periodi :
€ periodic table, we find that iodine’s chemical symbol and atomic number
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areland 53, Therefore:




T

o
putting values - b £ pr+Q %

oy BX+ Se(B)+Q
and the atomic number is increased by 1 to
t this is the element xenon (Xe). The

or
the same,
ble we find tha
131,
oo X+ Se®)+Q
p - decay it converts into xenon - 131.

 The mass number stays
54, From the periodic ta
daughter nucleus is xenon-

N

wWhen fodine - 131 undergoes

(5= 3 T ——r -.'._'rﬂ't_tl T_:;'Fﬂ-' — ;
LASSTGNMERTH B2 BE L

An atom of Sodium-24 can tran
emitting a beta particle. Represent this reaction in symbols, and identify the

daughter element.

ost cases the aor p emission from the nucleus leave it in
further stability by emitting gamma rays.

-

C. Gamma decay: Inm
excited state such nuclei achieve

2pa = fgRa+ vy
The emission of a gamma ray by radium-226
results radium-226 with gamma

P

Uni ivity: i ) ac

de;it::: ::1;:1;3'?;. corn:':mn unit of activity is the curie, abbreviated Ci, which i

activity of nng_.. %10 deca?'s per second. This is approximately equal t ki

Bk of o gram of radium. The SI unit of activity is the becauere!
q. One becquerel is one decay per second.

1Ci=3.70 % 10° Bq = 3.70 x 10" decays/s
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SASHORTHISTORY.OF
in 1896 Henri Becquerel Favre e
(French physicist) accidentally LTt
discovered Radioactivity.

pecquerel discovered that
uranyl potassium sulfate
crystals emitted an invisible
radiation that could darken a

phmographic plate even when -
Becquerel’s photographic plate.
the plate was covered to The bottom of the image shows ~ Henri Becque
exclude light. shadow cast due to absorbed Haﬁz-lmft
radiation.

Marie (1867-1934) and Pierre Curie (1859-1906)
conducted the most significant investigations of this
type. Curies reported the discovery of two unknown
elements, both radioactive, which they named
polonium and radium.

18.4 HALF LIFE

‘The time it takes for half of the radi i
e radioactive nucleii

Theting nucleiin asample to decay s called
I f] o 3
:: ]:"dl-lal fj'\slntegratiuns of nuclei are random, but the probability that any given

cleus "f".“ decay in a given interval of time is constant and is a characteristic of
that particular nuclide,
T ivel '
t:e :mo-.!nt of radioactive isotope in the sample decreases with time as shown in
: i: Na[f life curve shown in Figure 18.8. The number of nuclei present at time £ = 0

= N, , and the number present at t = Ty, is N = Ni/2. The number present at

t=2T,,is N=N,/4, and so on. The value of the half-life depends on the nature of

th i ;

b:; radl'?EIthe nucleus. For example, radium has a half-life of 1600 years,
E}l{se it takes this amount of time for one-half of agiven quantity of this isotope

to disintegrate.
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Percentage of Sample

Half Lives

In another 1600 years, one-half of the remaining radium atoms will have
disintegrated; leaving only one-fourth of the original number intact. LeF N
represent the amount of the original sample remaining after any given time
interval ‘At and ‘N,’ represent the original amount in the sample; given in the
same units as ‘N’. Then

' 1
" After 1 half-life N=_N,
Mter2half-lives ~ N=dxN ;(1)2 N
2 2 a 2 a
' O T,
After 3 half-li e T TR 9
er 3 half-lives N 2xzx2N° 2) E

; ) ok I |
Generally &E_Exixiu"'ﬂ":(_

where, the number, n, of half-lives
is equal to the time interval (At)
. divided by the time for one half-life
(Tin)-

pifferent materials have different
half lives which ranges from
10 years to a fraction of second.
Half lives of some common
radioisotopes are shown in table
18.2.

8.3 HALF LIFE OF POLONIUM -218

You have a 160.0 pg sample of polonium-218. It decays by alpha emission with
a half-life of 3.0 min. How much of the pure sample is left after 9.0 min?

TABLE 18.2 HALF LIVES OF SOME
COMMON RADIOISOTOPES

Half Life
berylium-8 - a 2.0 % 10™g
g sl N3 5]
polonium a 1.64 % 10™s
— 1 T |
iodine-131 g 1 e
cobalt-60 i3 53y
radium-226 a 1.62 = 10'y
carbon-14 B 5.73 x 10y
uranium-235 o 7.04 x 0%y
uranium-238 a 4.45 % 10"y

GIVEN

Total quantity of pure polonium-218 *N,’ = 160 ug
Half life of polonium-218 ‘T,,,’ = 3.0 min

Total elapsed ‘At’ =9 min

SOLUTION: The number of half lives ‘n’

past are
) 4
Putting valyes = 2:0%M _ 4
3.0min

U_ﬂ'ginal. sample remaining after
Siven time i nterval is

REQUIRED
Quantity left ‘N' =7

any




putting valves N 5(
ug Hence

N= 14160
ion mnfirms th
aphical representa“ :

at 20 8 of polonium-21 8 with half life of

18.5 RADIOISOTOPES

orms of @ chemical element having the same number of
mic number, but having different numbers of neutrons, or
js called an jsotope. The isotope that are unstable and
ctive isotopes or simply radioisotopes.
at stable. But the isotopes,

g of subatomic particles,

eir unstable nature and
7 are stable. The time
osecond 10

One of two ©
protons, or the same ato
tomic weights

different @
are called radioa

emit radiations
\ly are somewh

ts that occur natura

clear \aboratories DY bombardin
t life span, mostly due to th
about 3000 known nuclides, only 25
sses ranges from a small fraction of a micr

1sotopes of elemen
manufactured in nu
usually have 2 shor
radioactivity. Among
scale of these decay proce

billions of years.

Figure:1 8.9 Is_u;_tob'és' Bf*:CEkEdﬁ:?

:..T'omns 6 Protons & Protons
: E:.-Eumtrnns 7 Heutrons 8 Meutrons
rons 6 Electrons 6 Electrons

() Three natural isotopes of carbon

from °C to C, of whic
J h the
half-life of 20.334 minum::f stable
seconds, most less than 200 millise:thf:lr
onds.

artifici :
radiois:lt;a dioisotope is ', wh

pes have hal'f'li'\:'es ich has a
Most e!emeu.-nts have between two and sj under 20
or radioactive ones). Twenty elem six stable isoto,
phosphorus, and gold consist of o lents’ including
ten—more than any other e'-ef!"-entn y one

pes (as
flut:'r;:n.e,-QI:WSHI to unstable
R e :
ope each. Tin, howe dicellc
¥ ver, has

18.5.1 Uses of radioisotopes: Aradi
as the normal i 5 adioactive iso
applications. Dv::t; ZZDChET]FauY- which m::epe 1|:Eha‘f551njustmesamewa
nature or have been'mad;adm‘ls‘ufﬂpes - radiuacﬁveu;eiul in wide variety n:
accelerators. They are use;’l'tl.flcmlly by bombarding stﬂ::pe:s — either exist in
ul in so many applications l:m: :::T:Sdin particle
' rd isotope is

commonly used tom
ean radioi
B L6 T radioisotope, asif stable
opes are discussed below. e 1sotopes did not exist. Few of th
3 = e

i. Food Preservati
tion: Food i e
hakecaterty irradiation is a
eat I'I'Iel;hod g
gamma rays can pe::td have.a longer: shelf life. E\fenu:f:r eating food In order to
rate the packing and be used to :"rll“ has been packaged
1 bal:tena m‘d %
J and

insects in food as
shown in fi
et n figure 18.1 - Thi e
ood, but sometimes changes the t:s[ta). T T
o, =tie o

ii. Sterilising: (
g: Gam
ma rays are also used to sterilise hospi
ital equipment by

irradiation, especi
N » especially plasti F
'|nf|gure 18 y plastic syringes th
10 (b) at would be damaged i
s . 3 ged if heated as shown

Figurad

(b) Sterilizing Medical equipment
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fe 7 T
i, Agricultur® if a plant giation” a0 asunn: I‘;dtloact'w-.'ty in
: g reled of fertilizer py plant can be determined.
then the uptake

different parts of P elaboratin® the complex process of photosynthesis as
seeds have also been developed after mutation

soil containing
radi pactive
fertilizer

gD

e absorption and
fertilizer is

that contain radioactive material

is and treatment of many diseases- They'can f‘“"
medicines oF to enable imaging

ses. lonizing radiation has two very different

usesin medicine— for diagnosis and therapy- L :
a. Medical diagnostics: Every organ inour bDﬂl'jES. acts di s 8
point of view- Doctors and chemists have identified 2 Y gl
are absorbed by specific organs. The thyroid, for example: #
prain CONSUMES quantities of glucose, and 50 on. Wit
radiopharmacists are able to attach various radioisotop
substances. Images are then obtained via gamma cameraora s
diagnostics which enables to accurately detect disease progress!

es o piologic® y activé

: . 2
A radioisotope used for diagnosis must emit gamma rays _ 2y way

escape from the body and it must have a half-life short enough for it o

<oon after imaging is completed. Bctgd

b, Radiation therapy: High energy radiations can be used @
tissues, such as cancerous tumor.

ﬂ g e
F_GR s J
E = _

{ Wy "Te is the most preferr
ed B
diagnostics? radioisotope for nuclear

The radicisotope most wid
. Widely used in m
edicine is

technetium-99m. It is an isoto
pe of the artificiall
y-produced

element technetium and it has
almost i
for a diagnostic scan. These are: ideal characteristics

v It has a half-life of six hours,which is long g
enough to

examine metabolic processes yet shy
Sz ort en &
the radiation dose to the patient. ough to minimise

»The low energy gamma rays it emits, easily escapes th .
human body and are accurately detected, e A technetium-

i : 99m gen
, The chemistry of technetium is so versatile it can form tra : :me
cers by being

incorporated into a range of biologicall :
: y-active sul
concentrates in the tissue or organ of interest bstances to ensure that it

+ Its logistics also favor its use. Technetium generatars, a lead pot enclosi
glass tube containing the radioisotope, are supplied to hnspitalzn:r:nnfha
e

nuclear reactor where the isotopes are made. They contain molybdenum-99
with a half-life of 66 hours, which progressively decays to technetium-99 5

Cobalt 60 which emit beta particle and high energy gamma ray can be used to treat

various cancers. Some radioisotopes are made to absorb by selected organ and

radiation is concentrated on the infected tissue. For example cancerous thyroid
can be treated with iodine-131.

v. F.tadinactive Dating: Archaeologists and geologists use raoscthe O
estimate the age of ancient abjects. One common procedure uses carbon-14 which
has a half-life of 5730 years. As long as the

creature is alive, it will continue to
absorb and collect carbon - 14.

ket Once the creature dies, N0 further carbon-14 will
ingested, and the proportion of carbon-14willstart todectine. :

The proportion of the total amount of carbon that is carbon-14 is very small.

Nevertheless the amount is measurable. A measurement of the activity present
can therefore be used to estimate the age of the specimen, (3 -14 dating can
?:rUSEd for biological tissues as old as 50 urﬁﬂtﬁuusan '
bi n'::"-_lnger samples, since the abundance of “C nucle
gical materials contain no “Catall:




half-lives can be used to determine the age of \ S
ger -

-238, for exampl
depositson Earth. A

Materials with relatively lon
i i nium

logic formations. Ura
i:: be used to date even the oldest

RBON-14 DATING:

EXAMPLE 18:4: CA :
' nd a frozen dead ani
d that carbon-

from original value.

mal remains in the Himalays. You took a

14 (half life ‘T;'= 5730 years) activity is
How old are the dead animal

Suppose you fou
sample from it and foun

reduced 1/8 per gram
remains?
e - REQUIRED

Quantity left of carbon-14 ‘N' =1 /8N, i
half life of carbon-14 ‘T, =5730years

ini n
SOLUTION: Original sample remaining after e [ % ] o

any given time interval is

3
N=—1*N, or N=[g N, —@

1
putting values N = EN"' or ar

Comparing equation 1 and equation 2 n=3

Thus in three half lives the quantity left of carbon 14, willbe 1/8 N,

At
The number of half lives ‘n’ past is given by relation ~ N'= '_@

or At=nTy Putting values At=3x 5730years

Therefore At =17,190years Answer;|

The remains of the dead animal are 17,000 years old.

ASSIGNMENT 18.4: CARBON- 14 DATING .

Suppose the fossil ofiaie.you are examining has 1/4 of the carbon -14 deposits as
compared to bof b9 animal per gram. The half life of “C is 5730 years:
what is the appft b the fossil?

NOT FOR SALE

o withahalf-lifeof 4.53x 10'years, ./

Unit'18%

" NUCLEAR REACTIONS: 4

nucleus, particle, or photon cayses is said ¢ occur

Such a structural chap am"ﬂwwa_—m
: g€ can Fing tq
target with su fficientlyen be brought 5 reet nucleys,

bout i
ergeti the Nucleus by pog
a result the nucleons ara adde ":r:ﬂic!e Such as neytrg, by barding the

_ N3, alpha i
When Nucleus X i s i s
kol 1s bombarded wity, some lighy arranged within 5 target nyc| As
ghtp € b will be obtaineg by nuctear reacp;“icle a, the prodyct ies ?eﬁ
on. Mathematicyy :
. y

Nucleg,

r reaction
ever an fnﬂde"t

F
fHe.+ N 0. 1, q
In such nuclear processes the co

nservation laws mys

[ constant.

Number of nucleons on LHS = Number of nucleons on RS

For example in the reacti
on 4 14
2He + 5N 704 i

We can see that on both sides, there are 18 nucleons each

18.6 NUCLEAR FISSION

h p f i ii

process often produces fr ;
st s p €e neutrons and gamma rays, and

unt of energy.
18, : :
H:hﬁj D'SFOVery: Nuclear fission was discovered in December 17, 1938 by Otto
e ba“C! his assistant Fritz Strassmann, and explained theoretically in January
¥ Lise Meitner and her nephew Otto Robert Frisch. '

::E;"rf;'-;"d tlflat.a uranium nucleus, after absorbing a low energy neutron (thermal

B j: Splits into two fragments of intermediate size. The splitﬁng of a massive

feine Nnto two less massive fragments was termed as nuclear fission. It can be
sented by the following nuclear reaction
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Where ™U* isan intermediate excited state Figure '18,1_1.‘ Lise Meitner -
that lasts for only about 10" S pefore - ‘ .

splitting into X and Y. The resulting nuclei X : -
and Y are called fission fragments. Many
combinations of X and Y are possible as
fission fragments in the above nuclear

reaction .

18.6.2 Fission Chain Reaction- : \
on; whEﬂoﬂ - ~
€ nuclear rea

ane or more nuclear r
eacti
ons, thus a sels. ction ca

achieved and is called F :
i proj uses a
ssion Chain Reaction Pagating series of 1 . a\'i:se of
2 reactions is

The fact that fiss_inn reactions of uranj
average has significant implications "L:I'n - 235 give off mo
the fis re th

an one neutron on

another fission process, it will result in the
emission

Figure 18.1

3 shows

distribution of fragments

the actual mass
in the fission of

followed by more fission

; 5, and so fo

available to produce new fissions ir:h. A

fissions grows with time as shown mg I::_:t'er
ure

of still more
neutron
fh? the average number of S,
N 1 per reaction, the Mhﬂi “ uf"

%), The process results in the production of
‘seyeral neutrons, typically tWo or three. On
the average, about 2.5 neutrons are
released per event. Atypical reaction of this

typeis

F 1N
n+HUu- mY - “Ba + 2Kr+3,n+Q

where Q is the nuclear reaction energy-

Figure 18.13 - Nuclear Fission

rocess relative

Measurement show that large amount of energy is released in this p
ray released is

':: thfnar:a:.m.t of energy released in chemical processes. Thus, ene
ry high. Itis found t'hat 1 kg of uranium delivers as much energy as 3000
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tons of

uncontrolled i
led way, it may produce huge am13-14_ If we have such an event i
: n

explosion of atomi unt
mic bomb we produce such an uhc:;;:ﬁ:?’f::ﬁver)‘ short time. In
on chain reaction

The nuclear reactors
onthe otherh
controlled manner. ORI 5 i
: rgy from nuclea
" rfissionina

=i,

The succe

Increasing ssive fissioning of ever-

numbers of ur.
anium-
SEiral fum-235




18.7 NUCLEAR FUSION
nuclei combine t@

: is called
form a heavy nucleus, the process 1
When two light .
nuclear fusion. !
When two nuclei form large nucl.eus;,in e i
of nuclei thatfarmed it. This los e
mass ining fusion reaction is also p?ss-. s e
sustaining ments of stars jncluding sun.. e 1 oleic,
i le: In this process the direct collisi
n-proton cycie: e
ta Prot.u " f heavier nuclei whose c:lalhs.mn R .
s 18.15.The initial reaction in prof
shown in figure 16-12:

mass of larger nucleus is less then the
e

ergy required is possible only

1|l 4 l” 3 3" I‘i‘ |

bine to form helium-4 wit

h the release of

Finally, two such reac_tinns can com

two protons as
1 1 +
JHe+ JHe - “He+iH+H+Y

' -Fig_,LlrEE 815 Nuclear Fusion:(Chain)

The proton-pro

rsin the form of energy. Aself -~

oduces helium nuclei as

—

All Living creatures, from the beginnin
exposed O radiation. When a radiati
radiations called natural background ra, il
Cosmic Radiation: The earth, and al livinlg th? .
pombarded by radiations from space. The dose from o 7 ¢ COnstantly

different parts of the world due to diff cosmic radiation varies in °

erences j 4
the earth’s magnetic field. N elevation and to the effects of

Terrestrial Radiation: Radioactive material is ajso found thr
in the soil, water and vegetation. Low levels of uraniu e

m, thori :
products are found everywhere. The dose from P bl so\:Im. and thmrc%ecay
different parts of the world. rces also varies in

g of tj

sy r,let'o have been and are sti|| being
ris used it will record these

mes from three sources:

Internal Radiation: All people also have radioactive

i potassium- 5
lead-210, and other isotopes inside their bodies from bi m-40, carbon-14,

rth.
18.9 HAZARDS AND SAFETY FROM RADIOACTIVE MATERIALS

Nuclear radiation is potentially harmful to humans because the ionization it :
produces can significantly alter the structure of moleculeé within a living cell. The
alterations can lead to the death of the cell and even of the organism itself. The

al.-nuunt of biological damage produced by ionizing radiation is different for
different kinds of radiation.

Eve;yone Is continually exposed to background radiation from natural sources
s 2 - - 4
sll-:l as cosnrnc rays (high-energy particles that come from outside the solar
ystem), radioactive materials in the environment, radioactive nuclei (primarily

tarbon ang potassium ) within our own bodies, and radon.

The S

e tI:fE'Cts of radiation on humans can be grouped into two categories, according
s time span between initial exposure and the appearance of physiological
¥ Poms: (1) short-term or acute effects that appear within a matter of minutes,

ays,
even Orweeks, and (2) long-term or latent effects that appear years, decades, or
8enerations later.

"ﬁl:liatiun from

I'I'Iage .
breﬂthedby Irrad

iS5 da

the material can damage the cells of the person directly. Thisis
5 iation. Some of the radioactive material can be swallowed or
. While inside the body, the radiation it emits can produce damage.

Mage by contamination.
NOT FOR SALE
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18.9.1 Radiation sickness is the general term applied to the acute effects of
radiation. Depending on the severity of the dose, a person with radiation sickness
can exhibit nausea, vomiting, fever, diarrhea and loss of hair. Ultimately, death
can occur. The severity of radiation cickness is related to the dose received, and in
the following discussion, the biologically equivalent doses quoted are whole-body,
single doses.

Long-term or latent effects of radiation may ap
exposure or low-level exposure over a long perio
are hair loss, eye cataracts, and various kinds of ca
defects caused by mutated genes may be passed on from one generation to the

next.

pear as a result of high-level, brief
d of time. Some long-term effects
ncer. In addition, genetic

... There are three general guidelines for controlling

18.9.2 Safety Measu
g exposure time, maximizing distance

exposure to ionizing radiation: minimizin:
from the radiation source and shielding yourself from the radiation source.

While working with radiation Lab coats, shoes and safety glasses must be worn in
the laboratory. Materials/equipment which are not required must not be brought
into the laboratory or stored inside. Aninventory of radioactive sources used in the

laboratory must be maintained and updated.

International (trefoil) symbol of radiation. This
sign must be posted where radioactive materials
are handled or where radiation-producing
equipment is used. Sign is used as a warning to
protect people from being exposed to
radioactivity.
International Atomic Energy Agency (IAEA) in
2007 has launched a new symbol for ‘lonizing-
Radiation Warning — Supplementary Symbol’.
New symbol is intended to supplement the
 existing, well recognized, radiation trefoil
symbol. The new symbol has been designed to
- convey the message "Danger — Stay Away" to
~anyone who sees it, regardless of their age,
“ education or cultural background.

nnozc-u o_| ;qz_g-u 0

‘
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[EEED) Radicactivity S —

i med insige
the labor o

i particle (Helium nuclei) in which an atomic nucleys
, EUS emits an
‘ B Beta Decay: type of radioactive decay in whi alpha
particle (electrons) ch an atomic nucleus emits  be

i Gamma Decay: type of radiua&ive decayi
5 y in which an tomic nucleus emits
" rays (electromagnetic rays of high freqj ;s gamma
umandsrmmm

)

{7| Half life: the time needed for half of the original nuclei sample of a radicactive
! _'"_: substancetoundergoradio_activedecay e Lol

i Radioactive: a substance or object that emits nuclear radiati

i\ Radioactive Dating: an application of radioactive decay in which the
\ e age of a

: material is determined b ioactivi
| meten ytheanmmtofmdmactmtyufapaﬁahrmﬂm

Y Carbon - 14 Dating: a radioacti i
| At ioactive dating technique based on the radicactivity of

“Nuclear Radiation: raystha;toriginatein the nuclei of atoms
| #8! Nuclear Fission: reaction in which anucleus splits

|| Nuclear Fusion: a reaction in whi
: ction in which two nuclei are combined, or fu
1 larger nucleus " i 1 1t

Shielding: a technique to limit radiation exposure

EE:IUPA ‘MARIE CURIE’: It is said that Marie Curie died of aplastic anemia
radl_o'e*l_mure to radiation in the course of her scientific research and
iy logical work at field hospitals during World War |. What is meant by the
damaging effects of ionizing radiation! How much was known about

maging effects of radiation at curies time? Research her life and give:a
Presentation about her achievements. :
SROUP B ‘ATOMIC BOMSS: During the finalstage of World War ,the United
Hi es detonated two nuclear weapons over the Japanese cities of

roshima and Nagasaki on August 6 and 9, 1945, respectively. Explain the
truction from these bombs in a classroom

k-
o ———————
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GROUP C ‘PNRA’: Pakistan Nuclear Regulatory Authority (PNRA) control, |
regulates and supervises all matters related to nuclear safety in Pakistan.

Search the internet and other materials to find out the activities, targets

and performance of this organization. Prepare a report to be published in

school magazine.

GROUP D ‘NUCLEAR MEDICINE’: Investigate careers in nuclear medicine,

Interview people who work with radiation or with isotopic tracers in a

hospital. Find out what kind of patients they treator test and the technology
they use. What training is necessary for this type of career? Make a
presentation and discuss it with your classmates.

GROUP E ‘HARMFUL EFFECTS OF RADIATION’: Design a questionnaire to
investigate what people in your community know about harmful effects of
radiation. Give the questionnaire to your classmates for their comments
and if your teacher approves, conduct a study with people in your
community. Present your results in the form of a class presentation and

discussion.

EXERCISE____

':j' @ What is the number of neutrons in the plutonium I:: Pu

L A 92 B. 142 c.158 - D. 242

5@l @ Which one or more of the three decay processes (a, B, or y) results in,

a new element?

il A Onlyc B. Only B C.Onlyy D.aandB

I,E © What type of nuclear decay leaves the number of protons and neutrons
unchanged? '

c IS alpha decay ~ B. beta decay C.gamma decay D.both A& B

Tl © what type of nuclear decay most often produces the greatest mass and

charge loss?

'A. alpha decay  B. beta decay C.gammadecay D both B & C

2 .
E e :P" undergoes a-decay to produce a daughter nucleus that itself
undergoes B- decay. Which one of the following nuclei is the oné that
212 !

ulti{?ately results? 4

1 5 m : ;

A. -, Pb By Hg C.og A D. g B!

@ Radium-226 decays by emitting an alpha particle. What is the daughter
nucleus?”

A. Rd

B. Rn C. Bi D. Pb

W f
i| @ “Ar is an isotope with a half.iife z =5
A. 134.5 min B. 1345 269 Wr. 1t will reduce to : = “@j
& ol i it -5 Years C, 269 min halfin b
| elapsed wh 1000 radioactive D. 269 Years \i
psed when 750 atoms haye dﬂaye;;ms' How many halftives h s
A. 0.25 o
B.1.5
| ea - C.
ol @ Originof energy from the sunand starsiz'c' D.25
g 5
A. fission B. fusion €. Carbon dati
g D. radioactivi
ty

“CONCEPTUAL QUESTIONS - (

Give a brief response to the following questions

o The atomic number of one parti ;
BTEE cular i i :
Which isotope isit? sotope is equal to its mass number,

@ Which is more likely to expose, afilm kept

-particles? Explain ptinacardboard box, a-particlesor

@ 1s it possible for a form of heavy hydrogen e
particle? Explain. ogen to decay by emitting an alpha

@ pifferent isotopes of a given element have different masses but they have
the same chemical properties. Explain why chemical properties are
unaffected by a change of isotope. ;

@ What fraction of a radioactive sample has decayed after two half-lives have |-
elapsed? :

@ can carbon-14 dating give the age of fossil dinosaur skeletons? Explain.

@ Some food is treated with gamma radiation tokill bacteria. Why is there not
a concern that people who eat such food might be consuming food
containing gamma radiation?

Radioactive a-emitters are relatively harmless outside the body, but canbe
dangerous if ingested or inhaled. Explain.

@ If nuclear radiation is harmful. How it can be used for treatment of

diseases?
"COMPREHENSIVE QUESTIONS e

Give an extended response tothe following questions
@ What is nucleus? Howa nuclide is represented symbolically? L
@ What is radioactivity? Give the nature, fonizingand penetz2tict abilities of

the three types of radioactive emissions.
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TISTD Radicuctivity : Bl 260 q
i
t |

What are nuclear transmutatiunsf What changes in the composition of the
nucleus is observed when alpha or beta particles are emitted? Explain by

symbolic equations.
© Radioactive sources are said to have half life. What is the meaning of half ] "
life? : | one second is called alternating mrre::l changesits direction a n be
. f \ a UMy
@ What are radioisotopes? Explain their uses for various applications? :' Ammeter: A current measuring inst T of times jn
| rument is cal
5 Analogue “electronics: The branch of led ammetar,

rmine the ages of wood, bones and other

How is carbon-14 used to dete
quantities is called analogue electronics electronics which deals with
; variablg

artifacts?
@ Whatare fission and fusion? N Antinode: The points of
. 2 g o i .
© What are background radiations? What are its major sources? 1) ‘ antinodes. maximum amplitude of stationary waves
: ; are
(@ what are radiation ‘hazards? How can we safeguard ourselves from J Atomic mass number: Total numbe i
radiation? : ! nucleus. g s of protons
1‘.| ey and neutrons present in the
e e Eo b mic n H .
NUMERICAL QUESTIONS= 5 i umber: Number of p otons present in the nucleus
g " It Audio cassette: Device for collecti '
@ How many neutrons are contained inagold nucleus ,, AU: : ng sound.
® 1:::'Em decays via alpha decay. Identify the 4:Ia'ug,hto;rnﬂuclide,1 34 [ Capacitance: Capacitance is the ability of a capacitor to sto .
() Wﬁtemenmlearequatiunsforthe beta decay of 4, Pband wh ] c.?nt,e o ourstine: The, 2aiie of ek . re an electrical charge,
@ 1odine - 131 is an important radioisotope for medical diagnostic and ' mirror. spherical surface whose part is the
treatment procedures. The half life of ™ is 8.02 days. Out of 100 g of the f Chromatic aberration: Defect of any |
i y lens produced due to dispersion of light.

sample how much will be left after 24 days?

@ Phosphorus-32 is used in plant sciences for tracking a plant’s u
eaves. The half life of ”P is 15 days-

: Compressional
ptake of b g nal waves: Waves in whi .
Out of 5 to the direction of the wave. ich particles of the medium vibrate paraliel

fertiliser from the roots to the | %
800 pg of the activity given as fertilizer how much will be left after one - (oS 1) TRALENg « iich
1 1 mn : :
month? - | efficiently and has a vast and long last momu"m " | "
¢ to “C ratio in an animal fossil is found to be one fourth of the ratio in the : -Concave mirror: A ical mirr s
bone of living animal. The half life of “Cis 5730 years, how old is the fossil? . Co LR inpnsmner KO
i e ® nventional current: The cu i '
. al ¢ - ment due to positive charge equival egaive
; charge flowing in the opposite direction. ; ; A

Co . :
nvex mirror: A spherical mirror whose extemal surface reflects.

Crest: In ca : :
~ se nf t o "
echilbrian a ransverse waves, the portion of the displacement above the

cﬂﬂl‘-ﬂl an
3l angle: The angle in the denser medi respective
refraction in the rare medium is 90° f e G
Com . {

Pactdisc or CD: A device used to store data with the help of digital technology.

OT FOR SALE
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Diffraction: Bending of waves round an obstacle.

Digital electronics: Name of processing data provided in the-lom ot dighe.

Direct current: Current which always flows in one direction.

Electric current: The rate of flow of electric charge through any cross sectiong

area.
Electric field: The space around a charged body in which another charge

experiences its effect in the form of a force. |
Electric intensity: The influence of a force acting on a unit positive charge at

any place.
Electric lines of force: Lines drawn in the direction of electric intensity in an

electric field.
Electric potential: Potential energy of a unit charge in any elecin'p field.

Electric power: Amount of energy obtained from electric current in unit time.
Electromagnetic field: Production of magnetic field due to passage of electric
current through a conductor.

Electromagnetic induction: The phenomenon in which e.m.f. is produced due
to relative motion of coil and magnet.

Electromagnetic waves: Such waves, which do not require any material
medium for their propagation.

Electromotive force: The energy needed to move a charge through the whole
circuit including the battery.

Electronics: The branch of physics in which the flow of electrons is controlled
and used according to the need in sémiconductor devices.

Electroscope: An instrument used for measuring the nature and presence o
charge on a body.

Far sightedness: A defect of eyes due to which near objects are not clearly
visible.

Fixed capacitor: The capacitor whose parts are fixed by design. .
Floppy: A device used for storing computer data.

s irror of
Focal length: The distance between the pole and principal focus of any mifrof
the distance between optical centre and principal focus of any lens.

NOT FOR SALE J&

Fusion reaction: The
form a larger nucleys,

phanoﬂ‘\BIIDIL I|- 1wt ICh sm; I 1 " oth
er ]

Galvanometer: An instrum i
2T ent which indicate
s the current in a cireyi
circuit,

Half life: The time in which the n
umber of atoms of a radioacti
radioactive element

becomes half.

Information technology: Scientific method o

processing and arranging information, collecting, - arranging

Infrasonics: Sound of frequency

less than 2 ; .
human ears. 0 hertz, which are inaudiie to

Intensity of sound: Energy transmittin
) g per second thr i
perpendicular to the direction of sound waves, VAL e o

Interference: Resultant displacement of

£ two or more waves | :
by combining the two coherent waves. ves in a medium

Internet: Important source of global contact.

Isotopes: Atoms of an element whose atomic number is same but mass
number is different. ' ¢

Kilowatt hour: Quantity of that energy which is obtained from one kilowatt power
in one hour. 3

Magnetic flux: The number of magnetic lines of forces passing through any
surface, :

Magnification: The ratio of the height of the image to the height of the object.

Mechanical waves: Such waves which require a material medium for their
propagation.

Music: Pleasant and musical sound.

Mutual induction: The current induced in the coil by the change of flux in the
nearby coil.

Natural radioactivity: The natural, spontaneous emission of radiation from
radioactive element.

Noise: Unpleasant sound.
N."}'PE Semi-conductor: A semi-conductor in which pentavalent impurity is

doped. NOT FOR SALE
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- Glossary . “~-

Nuclear fission reaction: The splitting of heavy nucleus into two parts in which
huge amount of energy is released.

Pltch: Characteristic of sound due to which shrill and grave sound is
distinguished.

P-N Junction: A semi-conductor diode.
Pole: Centre of the mirror.
Power of lens: Inverse value of focal length (in metre).

Principal focus: Point from where rays parallel to the principal axis pass after
reflection from a concave mirror.

P-type semi-conductor: A semi-conductor in which trivalent impurity is doped.

Quality of sound: Characteristic of sound due to which different sounds are
distinguished.

Radlo isotopes: Isotopes which ernils_drfferent radiation.

Fladlo:. An instrument which imparts sounds to us.

Rectification: Conversion of alternating current into direct current.
Reflection: Bouncing of waves after striking from the other medium.

Refractive index: Ratio of speed of light in air to the speed of light into any other
medium,

Remote control: An instrument which controls television or electronic
equipments by sitting at a place in line with a device.

Self induction: The e.m.f. induced in a coil due to change in the current of that
coil. '

Semi-conductor: Elements of the 4" group silicon and germanium.

Short sightedness: A defect of Eyes due to whnch distant objects are not
seen clearly.

Simple harmonic motion: Vibratory motion in which the acceleration of the
body is directly proportional to its displacement. -

———
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Solenold: Cylindrical

coil of the wire having more than one tum |
Sound: A form of energy thch is

trans
compressional waves. ferred from one place another due 1o

conductor. _ ength and unit cross sectional area of a

Spherical aberration: Defect of thick and large aperture of a lens

Stationary waves: !.I';I‘aves in which the amplitud i

' e of

remains constant. plitude of all particles of the medium
Tele communication: To impart information quickly to far off areas,

Total internal reflection: The reflection of light in the same denser medium from
the surface of a rare medium.

Transformer: An electric instrument which increases or decreases the value of
alternating voltage.

Transverse waves: Waves in which particles of the medium vibrate
perpendicular to the direction of motion of the wave.

Trough: In case of transverse waves, portion of the displacement below the
equilibrium position.

Ultrasonics: Sound of frequency more than 20000 hertz, which are inaudible t
human ears.

Variable capacitor: A capacitor whose area of plates can be changed and desire
capacitance can be achieved.

Video cassette: A device used to store sound and pictures.

Voltmeter: An instrument used fof the measurement of potential differenct
. between the ends of a cir}ﬁﬂ_
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Answers

Answer Chapter 10
Assignment 101
Assignment 10.2
Assignment 10.3
Assignment 10.4
Assignment 10.5 &
Assignment 10.6 :
Numerical problem 10.1:

Numerical problem 10,2+

Numerical problem 10.3:

Numerical problem 10.4:

Numerical problem 10.5:

Numerical problem 10.6:
_ Numerical problem 10.7:

Answer Chapter 11
Assignment 11.1:
Assignment 11.2
Assignment 11 i
Assignment 11.4

Numerical problem 11.1:
Numerical problem 11.2:
Numerical problem 11.3:

Numerical problem 11.4

Numerical problem 11.5:
Numerical problem 11.6:
Numerical problem 11 T
Numerical problem 11.8:

Answer Chapter 12
Assignment-12.1 :
Assignment 12.2.

Assignment 12.3 :
Assignment 1241
Assignment 12.5
Assignment 12.6:

Assignment 12.7 :
Assignment 12.8 -

Assignment 12.9 :

1s

- 45N

1.4s

54.6°

9,77 N/kg

2.02 x 10' Hz
1.25Hz, 0.8s

2.5 x 10° N/m

0.99 m, 0.16m, 0.5 and 0.55
50 Hz, 0.02 s :
1.4 Hz

0.5 Hz

244 m, 3.26 m

2.39 dB
1.7 km or 1 mile -
Speed = 350 m/s and Frequency 1400 Hz

1320 m

109.14 dB

1.5 » 10° m/s or 1500 m/s
134 decibels

106.02

319.2 m/s.

1.7 km or mile

17 mand 1.7 cm

330 m/s, 32 m

-1.64

0,45 m (virtual image, behind the mirror)
0.18 m (upright, smaller image)

1.44 '

1.33, water

42.7
15.0 cm, - 0.500

- 5,56 cm, 0.445

3 times, 4 times

The magnification is reduced in magnitude.

Its new value is -79
-197, 990 mm
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numerical problem 12.1:
Humerical problem 12.2:
Numerical problem 12.3:
Numerical problem 12.4:
Numerical problem 12.5:
Numerical problem 12.6:
Numerical problem 12.7:
Numerical problem 12.8:
Answer Chapter 13
Assignment 13.1:
Assignment 13.2

Assignment 13.3 :
Assignment 13.4 :
Assignment 13.5 :
Assignment 13.6
Numerical problem 13.1:
Numerical problem 13.2:

Numerical problem 13.3:

Numerical problem 13.4:
Numerical problem 13.5:
Numerical problem 13.6:
Mumerical problem 13.7:
Answer Chapter 14
Assignment 14.1 :
Assignment 14.2 :
Assignment 14.3 :
Assignment 14.4 :
Assignment 14.5 :
Assignment 14.6 :
Assignment 14.7 :
_Assignment 14.8 :
Mumerical problem 14.1:
Numerical problem 14.2: :
Numerical problem 14.3:
Mumerical problem 14.4:
Numerical problem 14.5:
Numerical problem 14.6:
g _Numerical problem 14.7:

60 cm, - 4.5 cm
-3.33¢m, -0.8cm
1.56 x10° m/s

EX S

66.3°

0.571,+4

9.3

30 mm, 1200 mm

26.0 N

8 N

60 J

4 pF

';x 1(;: |I: or 2 pF, 33.3Vand 66.6 V

S or 9 pF,

onplfd al:md 2400 pC and 4800 uC
(a) 11.25 N (b) force on 10 uC charge is
same as force on 5 pC charge
{€)2.25 x 10° N/Cor ) 2.25 MN/C

{a) 0.129 N positive x-direction
[I;}COAZBN negative x-direction

0.704 uCor 7.04 x 10" C

0.54 pF, 60V, 30V and 20V

5 pF, 18 pC, 27 pC

180 A

B.OA

1.50Q

0.5A

9.09s

4,545

3.60Q

Rs. 1784.2

oV

3.2A

600 Q

0.3A

15.6 A, 34000 J (34 kJ)
17 )
Rs. 5.
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t - Answer Chapter 15
P Assignment 15.1:
i Assignment 15.2 :
| Assignment 15.3
; Numerical problem 15.1:
Numerical problem 15.2:
 Numerical problem 15.3:
. Numerical problem 15.4:
Numerical problem 15.5:
Numerical problem 15.6:
Numerical problem 15.7:
Answer Chapter 18
Assignment 18.1: -
Assignment 18.2:

Assignment 18.3: -
Assignment 18.4 -
Numerical problem 18.1:

' Numerical problem 18.2:
Numerical problem 18.3:

e ey
e gt

—

| | Numerical problem 18.4:
1 Numerical problem 18.5:
Numerical problem 18.6:-

e e —————

2.8N

8.6 mH
1350V
0.3N
2.5x10"N

BA

14 mH
80, 22000
5.45

0.06

Radon - 220, Z°Rn
Magnesium - 24, ::;Mg
10 mg

11,460 years

118

pn»7 Pb+;He (Bismuth)
10ph—5TBi + P (Bismuth)

IgTh-;‘;‘:Pﬂ +p (Protactinium)

12.5g,

200 pg.
ZZ,JJZD‘ years
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