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| 18.1 Atom and Atomic nucteus In this chapter, we discuss the
properties and structure of the
atomic nucleus. We start by

; describing the phenomenon of
I\ 18.5 Radio isotopes radioactivity, nuclear transmutations

1| 18.6 Nuclear fission © and half life. We also discuss the

1= 18.7 Nuclear fusion :aef:::sanp;iesses b?mWhim nuclei

N : e ways that nuclei can
4 ki d radiati p

18.8 Background radiation react with each other, In nuclear

18.9 Hazards and safety measures

18.2 Natural radioactivity
1@} 18.3 Nuclear transmutations

: : : reactions, however, we will study
B Key Points and Projects how a nucleus breaks apart or is
e Dartici.es- combine, o end
P X | ' 18.1 ATOM AND ATOMIC NUCLEUS -
- . “‘“""dmab:e::udeusan 4 electrons. * All matter is composed of atoms that are in turn composed of a heavier, central,
o After study'™ natom in termso < and neutrons. e called ‘nucleus’ surrounded by a less massive negatively
} , gescribe thestruct! Zﬁ:oﬂhenur.leuSin terms of proton one element from the positively charged core
r compositio
R/ gescribethe

leus distinguishes

charged cloud of ‘electrons’. The nucleus lies at the center of the atom,
+ explain that numbe

Jumber Z, nucleon number occupying only 10 of its volume since the electrical force comes from bnt;-. ;:;
sthes i tides by using the symbolof proten electron and the nucleus as shown in figure 1 3:1 ; Thf.- nucleus 15l ﬁbnt:tel e;ter
i mmenwa"ﬁ:r‘uu:a:iﬂnx' . Jiation toget rid of exoess eNsrBf times smaller than atom. The size difference is like a ping pong ball in
Aand.tne nucli e unstable, give out ra L
T ;ﬂ:::tsha?; :g be radioactive: ;

e &y.
types fradlatmnareu,ﬁ

:he that the three o
L « describe

(A /state, for radioactive emissions:

Volume occupied

otheirnature onizing effects. chgfg';?:ﬂi‘ii’; L
z““grﬁiﬁ ﬁﬂ?ﬁ:ﬁ:::; into another element when radioactivity
in that an . -
2 :%gluait changes in the composition of the nucleus by symbolic equation "
7 al:;a? rmﬁﬁiﬁiﬁﬁﬁiﬁmrmndﬂmﬁ ;W'efﬂ’ace B L A;pr—o:dm.1ﬂ m Approximately 10" m
g i$:$m3"*%M rlffef aredioactive materte. | for various applications’ .

(& jescribe what are radio isotopes, What makes tj-!ern usefu
¢ describe briefly the processes of fission and fusion. , a———
+ show an awareness of the existence of background radiation an e
+ describe the process of carbon dating to estimate the age of ancien

| SALE
/ deseribe hazards of radioactive materials. NOT F OR S ALE \ NOT FOR

icles: ns (caller
All nuclei are composed of two types of particles: protons and T:r:::is :singl
nucleons). The only exception is the ordinary hydrogen nucleus: i
proton. In describing the atomic nucleus, we must use the following g




——yranbor RS0
___rorexample, ure

rge number), which equals the

es called the cha

ber, Z (someti

o The atomic num et
number of protons inthe rw]crlll.lmlzater A, which equals the number BT Ageeois
ss 1
o The nucleon (or ma
e nuCI.EUE- "

(neutrons plusProt™® h::hwhlr:h equals the number of neutrons in the nucleus (N

o The neutron number; Number of nucleons
=A: Tk convenient to have system of

n representing nuctel, itis 4 neutrons are

symbols t0 show how many prot
present. The symbol used is

ical bol for the element, e
‘::epr:;ton?:nd A represents the number of nucleons (i

)\fl\mlr_w.'l‘-arlr' nautronel
(iron) has a nuc

ons an

Humber of protons

\eon number of 56 and an atomic number of 26; it

therefore contains 26 protons and (36 -26) 30 neutrons. The subscript Z is thus
sometimes dropped. For example for nitroger 15N, we already know that Z =7 for
nitrogen and we simply write N, call it as ‘nitrogen fifteen’ (or may write as

pitrogen - 13).
The nuclei of all atoms of a parti
protons (and consequently electrons
numbers of neutrons. The nuclei 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 i
radioactive element. _
Some nuclides are unstable, in order to attain stability, elements emit thre€ types
of radiation: alpha (), in which the emitted particles are ‘He nuclei; beta (P) in
which the emitted particles are either electrons or positrons (positive electrons);
and gamma (y), in which the emitted “rays” are high-energy el ectrnmag“"“c
radiations . Nuclei which do not emit radiations are termed as ‘stable nuclei’-
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cular element contain the same number of
ina neutral atom) but often contain different
atoms which have the same number of

charges from flying
mes their electrical

y unstah!e'
stability
called
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A

directed into an evacy tive

ated ] sample =, \
chamber (region from which Figure 18.2 - Radioactivity i (€. Radium) js
air is pumped out) in which force fields

there is a magnetic field. Lead cylinder Photographic
The image on photographic A
plate shows that the beam %

splits into three components, * y 3t
Ul'd'O bending in opposite bl Y Alpha (a) rays
directions and the third >
experiencing ne changas in
direction. By using the force Méter{a-l
on charged particles in
magnetic - field, we can| @ AIPh3, Betaand Gamma rays in magnetic field
conclude that the radiation of -
the un-deflected beam carries

no charge (the gamma 'y ray), Lead cylinder Mmphk
the component deflected A .
upward consists of positively Negative

charged particles (alpha ‘a’
particles), and the component
deflected downward consists
of negatively charged
particles (beta ‘B’ particles).
Similar observations can be
made by passing a beam | (P)AlPha, Betaand Gamma rays in electric field
emitted from radium through - : . 3
:: ;l:::;:i?eld placaé perpendicular to the beam as shown in the figure 18.2 (b).
Sl dm: zccursw_rrthout apparent external cause and cannot be speeded up or
defined bt y physical or chemical means. Radioactivity is a process without
ki m, rule or met.h-::d and occur randomly. Radioactivity cannot be
o cai:Jse the precise moment of disintegration is not known for a

arnuclei. Individual disintegrations occur randomly.

Magnetic field ingg the paper

e Gamma (y) rays

- ."g ﬂ
Evacuated chamber
Beta (p) rays

Alpha (g) rays
Gamma (y) rays

Radioactive
material

Evacuated chamber Beta (B rayn

\ -




16,2.1 Mature of emissions: Itis fo

different nature.
1, Alpha (@) emissions Alpha parti
and two neutrons bound together)
. neutrons to protons inthe nucleus is to0 low,
emitting alpha particles.
Alpha emissions occur in very

numbers}).

cles are i

Beta particles

i, beta (1Y) emisstonz: B<°
nucleus. Beta particle emission OCCurs when

nucleus is too high. In this cas€,

=

bt

.

A ietikron by fteelf is unstable; the lone neutro

Figure 18.3 - Beta Emission

O = . Electron
""-..__‘_l'l .

Free Proton
Meutron

will decay into a proton and an electron.

The spontaneous decay of free protons
has never been observed and the
proton is therefore, considered astable
particle. A neutron with a proton is

und that all the thre

nfact heliu

emitted from the nut
certaina

large atoms (that i

consist of et
the ratio of neutrons to protons in the

an excess neutron trans 2
E e crertron 1s ejected energetically.

m nuclei (i.e two protons
cleus. When the ratio of
toms restore the balance by

s, they have high atomic

ectrons emitted from the

forms into a proton and an

n on average of about 12 minutes

stable.

1§, Gamma eml;:lnha‘
the nucleus. Gamma ray emissi

has too much energy.

. Gamma rays are electroma
on occurs when the nucleus of a radioacti

TABLE 18.1 ALPHA, BETA, AND GAMMA RADIATION

gnetic radiation emitted from
ve atom

Effect on parent nucleus

Composition Charge
alpha @ 2 protons and 2 neutrons | +2 Mass loss: new alement
) produced
beta p electron 4 No change in mass: new
element produ
High energy
SAmRA ¥ electromagnetic .
0
radiations e“"*’i‘-“‘_’l’J
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18.2.2 Relative lonizi
mzing abiliti
. e s ES:
matter into positive and negative § > PenamEns Y which
ch radiation .
an split

ability as compared t
oalpha ‘o’ and
d beta '@’ radiati
iations,

18.2.3 Relative P
.. A gw. Fenetration abilities: Penetrat
o0 into : . in ,
T a material. All the three ty g ability is how
ma ‘y') have quite different Pes of radiation (alpha ,;pihi' a
» beta

particles barel penetr. -
z:e:ltir.'w.'tersl'rli';ilz-E :::;at::. sheet of paper and ha:t:::g:bi:-mes as well. Alpha
particles can penetrate a few millimoﬂm more than a few

as

range in air of about 1 m;
; and gamm ne e
lead and has an infini e IELers
nite range in air as i .
shown in fi SEteten of
Bure 18.4 (a). .

A IR = .
Rl e ke nebiarion b

Paper Alu?;l_i?um cl;f::? '.:::L T
l\ Human
ol ———, hand Concrete.
p == 1 L
1—* :‘I‘

—

In figure 18.4 iti
-4 (b), it is shown that a-particles can be easily absorbed b
y our hand,

where as beta
and gamma wi
be easily st a will pass through. Beta radiati
opped . Beta radiations on ;
Before b ped by concrete block. Whereas gamma wi the other hand will
ng absorbed in concrete a will travel few centimeters

18.
3 NUCLEAR TRANSMUTATIONS

In radioactivi
ctivity, an un
A stable nucl i iati
g 3000 Krour ; eus emits radiations to becom
: e more stab
unstable nucioys ( nuclides, only 257 are stable. The process through :hsi:h :E-
Nuclide (daughter I_Fl’a"*-‘l'll: nycleus} transforms (or changes) in to a more stab|:
ucleus) is called nuclear transmutation (or nuclear decay)
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ransmutations:
in these nuclear BT - cdaughter

formed element is term secay, the original p?rent‘ nul:i']dt-a- is c:nvened toa
18.3.1 Alpha decay: In aiphaf - partice: galancing the re:cn::;n s owsdmat the
i ission © acharge re
daughter’ by the emﬁsit:: © o umber ~educed by four a0 ge reduced by
hasan
daughter nuclide

two. mthema{icaiw : m

<ed in the process: Nuclide ‘X’ changes into nuclide
rticle and the release of energy Q.

original etement is called parent and newly .
the

where ‘Q i the energy relea
'y withmeernissiun

Example:

Figure-18.5 -

) = TgTh + ‘He (@) +Q _
The emission of an alpha particle by uranium-238 results
in the formation of thorium-234

.1: ALPHA DECAY OF POLONIUM
An unstable polonium - 218 (18po) atom spontaneously emits at:‘. alpﬁ:;}.
particle and transmutes into an atom of some other element. Srnow the pr J
including the new element, in standard nuclear-reaction notation.

SOLUTION: Alpha decay is given Dy the relation 'I‘)E = "I'_";Y +a+Q

From the periodic table, we find that polonium chemical symbal is Po and -
atomic number is 84. Therefore:

Putting values  25Po—> “i¥AX + {He(a) +Q

or  Mpo X + jHe(@)+Q
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Every element has a unique atomj %
tomic
sismenttobelead (PBywith 2w g ThI'Il:.lmbe.-r. The periodic table shows the new \\ ;

finalized equati ;
equat
3P0 pp 4 10n can now be written as

) ;He(m] +Q __m
Wm. ﬂ undergoes - decay it converts into | .
ASSIGNMENT:18:1: ALPHA DECAY OF RADIUM iy
Find the daughter nucleus when radiu

M - 224 undergoes alpha
decay.

h |

8.3.2 Beta d ¥ y

1 a decay: Unlike a-decay, B (or electron) decay of a .

change the number of nucleons. In essence, - decay ch nuclei does not
proton. Y changes a neutron into a

(3X=dv+p+Q }—(F2)
Where ‘Q’ is the energy released in the Jucli
e eE process. Nuclide 'X’ chan
¥* with the emission of alpha ‘o’ particle and the release of eneryg:t;intn nuclide

Example: '{C="IN+p-+Q

s R :":1.1 ‘:t/ﬂ
.'J.j.i.n B
@ w : l;;'I'h #1:

3!
g —pd A Pa ‘: ‘:&, .
() Ntk <

a7

@ The emission of a beta particle by thorium-234 results
in the formation of protactinium-234

-131 undergoes beta decay. Write the reaction
: ; equation
and determine the identity of the daughter nucleus. :

SOLUTION: ;
: Beta decay is given by the relation X=AY+p+Q

From o ;
the periodic table, we find that iodine’s chemical symbol and atomic number

areland 53, Therefore:
NOT FOR SALE




DD Redioucturity ——— N -
b i . L . a
putting values 2> gk +5e B)+Q : G

. _ ! : WRPPOOTORO -~
o W X+ B2 \j e SHORTIHISTORY
2nd the atomic number is increased by 1 to : In 1896 Henri Becquerel 7 "

4 that this is the element xenon (Xe). The (French physicist) accidentally PR pes
discovered Radioactivity.

The mass number stays the same,
54, From the periodic table we fin
daughter nucleus is xenon-131. , Gicreres ey

1 'YX+ Se(®)+Q yranyl potassium sulfate
gresi o 1S ' crystals emitted an invisible
radiation that could darken a

(7] ..-:.f!-.-.-T:.lT.n—_.—-"'F'.-‘-..'r'[::T;..B ) photographlr. p\ateevenwhen Becquerel's photographi
EMELQ@% e B the plate was covered to The bottom of the Imag:ﬂ'::;

ndergoes [i - decay it conV

When iodine - 131U

An atom of sodium-24 can transmute i-nto - ?m"f' A geme oher .e lem._ent by excludelight. i uﬁ:d?:ﬁ e R
emitting a beta particle. Represent this reaction in symbols, and identify the =
daughter element.
C. Gamma decay: In most cases the a or p emission from the nucleus leave it in Marie (1867-1934) and Pierre Curie (1859-1906)
excitedstate such nuctei achieve fu rther stability by emitting gamma rays. conducted the most significant investigations of this
type. Curies reported the discovery of two unknown
-18.3 elements, both radioactive, which they named
polonium and radium.
< 18.4 HALF LIFE
- : p iy 8? o “The time it takes for half of the radioactive nucleiin asample to decayiscalled
i : half life’.
L Individual disintegrations of nuclei are random, but the probability that any given
1;: Ra' = u.:ﬂa +y . nucleus will decay in a given interval of time is constant and isa characteristic of
The emission of a gamma ray by radium-226 St pasticularsEciide.
results radium-226 with gamma The amount of radioactive isotope in the sample decreases with time as shown in

the Half life curve shown in Figure 18.8. The number of nuclei present at time t =0

Units of Activity: A common unit of activity is the curie, sbbreviated Ci, which ¥ $is N =N, , and the number present at ¢ = T, is N = No/2. The number present at
:i:;;e; t:fb:n SE.‘mr: wzfdeca?s per second. This is approximately _equal to r”;f t=2T,,is N=N,/4, and so on. The value of the half-life depends on the nature of
abbreviated B ,:f'n ’: radium. The Sl unit of activity is the becquel=r the radioactive nucleus. For example, radium has 2 half-tife of 1600 years,
q. Onebecquerel is one decay per second. because it takes this amount of time for one-half ofa given quantity of this isotope
1Ci=3.70 x 10° B = 3.70 x 10° decays/s E todisintegrate.
NOT FOR SAL
- NOT FOR SALE
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where, the number, n, of half-lives

divided by the time for one half-life COMMON RADIOISOTOPES
(Ti)- L | Half Life
M——L 2.0 10"
' | poonm | e | 16410
2 iodine-131 T
% pifferent materials have different cobalt-60 B 53y
ﬁ half lives which ranges from radium-226 & 1.62x 10
3 10" years to a fraction of second. Pe— = y
E Half lives of some common - B 5.73 = 10y
E radioisotopes are shown in table [ “raMum-233 a 7.04x 10'y
g 18.2. | uranium-238 & 445 x 10y
EXAMPLE 18.3: 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?

GIVEN

.Half Lives

Total quantity of pure polonium-218 ‘N,’ = 160 yg REQUIRED
- Quantityleft ‘N' =2

- ini jum atoms will have
In another 1600 years, one-half of the rema:m'ng radium : : Hal ife o polonium-218 °T. 3.0 min
disintegrated, leaving only one-fourth of the original number intact. Let . : S . ;
represent the amount of the original sample remaining after any given time otal elapsed “At’ =9 min
interval ‘At’ and ‘N, represent the original amount in the sample; given in the

SOLUTION: The number of half lives ‘n’
same units as ‘N'. Then

) . past are
* After 1 half-lif gty - ' n-2t
r 1 half-life =5 : 1 T,‘s§
. 2
After 2 half-lives N=tx lN, — (1] N, ~ Putting values n= 9.0mth 3
272 2 : 3.0min
; 1.1 1 1Y Original sample remaining after any
After 3 half-lives SR E“u = (i) N, Siven time interval is

Generall |Hn— P e =
y zxzxztuoouﬂa




i
1) <160
(1)« us
putting Values N= h]
ug Hence
at 20 2 of poloniu

4 N=20p8
-Unmnfirmst'ﬂ

i resentatl ]

3.0minwill

of m-218 with half life of

1S0TO _
o Rabr® ical element having the same number of
mic number, put having different numbers of neutrans, or
is called an isotope. The isotope that are unstable and
are called radiuacti\reisotopes or simply radioisotopes.
hat stable. But the isotopes,

hat occur naturally are somew :
D s of;-l;“}:nzt jes by bombarding of subatomic particles,
msTf::ac:;ve ; sho mostly due to their ynstable nature ?nd
. din:ctivity Among 2 own nuclides, only 257 are stai?le. The time
: le of the::e decay proce all fraction of a microsecond 1o
sCa

billions of years.

protons, orth :
different atomic weights

emit radiations

rt life span,
bout 3000 kn
sses ranges from a sm

Carbon 13
6 Protons 6 Protons
& Neutrons 7 Heutrons
6 Electrons 6 Electrons

6 Protons
8 Meutrons
6 Electrons

{a) Three natural isotopes of carbon

The element carbon (fi M

atoms and only about 1 ?,1';: ‘;Ig .:t:lgas We find it in nature cons -
s £ ms. Wh . ists 98 - ,

t h ereas " 8 “

ket
¢ ; e most stabl awhole has 15 ce Al
i ; e artifici : known i |
half-life of 20.334 minutes. All other rad.“f‘al_ radioisotope is "¢ w;:':ﬂpes,
ceconds, most less than 200 millisecond ioisotopes have half I.'i\:\eg chhasa
" -lives under 20

Most elements have between two and six stable i
or radioactive ones). Twenty elements, i efsuto
phosphorus, and gold consist of only on; ncluding
ten—more than any other element,

18.5.1 Uses of radioisotopes: A radioactive isotope be

as I:|:IE r:lormal isotope chemically, which ’-'nakepe haves in just the same way

applications. Over 2,000 radicisotopes — ra dioacﬁit U_‘fvel'ul in wide variety of
:azu?e or have been made artificially by bombar di:: :i:::f’f‘ — either exist in
ccelerators. They are useful in so many applications tha: ::;tupes in particle

commonly used to mean radioiso
us tope, asif stablei i
uses of radioisotopes are discussed below, SRR TR

fl.lﬁ;s i{as Opposed to unstable,
stable "ine, sodium, aluminum
isotope each. Tin, however, has

i. Food Preservation: Food irradi f
: I irradiation is a eating food in order
method of tr g i to
make it safer to eat and have a longer shelf life. Even after it has hee'n‘par_kaged
gamma rays can penetrate the packine and he- used to kill ba
p packi to kill eri ?
g cteria, mould and

insects in food as shown in fi
igure 18.10 (a): Thi
the food, but sometimes changes the tas{te:l R S

ii. Sterilising:
g: Gamma rays are also used to sterilise hospital equipment by

irradiation. especi
o ¥ pemall lasti y
infigure 18,10 (b) y plastic syringes that waulq be damaged if heated as shown

F‘EUI"E“E 2 s
==k ailrradiation:

b) sterilizing Medical equipment

NOT FOR SALE
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" given fertiZe! tagged Wiﬂ;;?;::‘:—:;z:‘:;:; 1
z L ifa ptant ! . ianr and S by me ity in
il culture: , radia

r.!-; on the P rele ke of sertitizer DY plant can be dﬂermmed:
gifferentPd of theplan ingthe complex process of photosynthesis as
I rechnia ped ' have also been developed after mutation
15 e
riet!
well. Highe'

that contain radioactive material
of many diseases. They can be
medicines of to enable jmaging
radiation has two very different

scs: Every organinour podies acts diff

5 Hiduﬁ:w% and chemists have jdentif jed a pumber
poin i

id, for example, b
e absorbed by specific organs. The thyre! s

iti on.
prain CONSUMES quantities of glucose, and 50 o
radiopharmacists are able to attach yarious radioisotop

substances. Images are then obtained via gamma cameraor @

= an n
diagnostics which enables to accurately detect disease progressi

k. S f suffici
A radioisotope used for diagnosis must emit gamma rays 0 C S0
escape from the body Jnd it must have a half-life short enough for
sounaﬂerimag‘tngiswnp\eted. ected
b. Radiation therapy: High energy radiations can
ﬁmm.sudiascancerwsmniar.

'| why ""Tc is the most preferred

rad

diagnostics? loisotope for nuclear

The radioisotope most widely used in medici
cine is

rechnetium-99m. It is an isotope of the artificially-prod
wy-pn uced

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

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

examine metabolic processes yet short
3 gk anough t .
the radiation dose to the patient. gh to minimise

, The low energy gamma rays it emits, easily escapes the

human body and are accurately detected. A technetium-

99m generator
, The chemistry of technetium is so versa
ke it can. form ‘tracers: by bet
being

incorporated into a range of biologically-active substances to e
concentrates in the tissue or organ of interest. nsure that it

, Its logistics also favor its use. Technetium generators, a lead pot enclosi
glass tube containing the radioisotope, are supplied to hospitals fromﬂgm:

nuclear reactor where the isotopes are made. They contain molybdenum-99

with a half-life of 66 hours, which progressively decays to technetium-99. I

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

s cancers. Some radioisotopes are made to absorb by selected organ

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

v. Radioactive Dating: Archaeologists and geologists use radioactive dating to
estimate the age of ancient objects. 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 carb:un . 14. Once the creature dies, no further carbon-14 will
beingested, and the proportion of carbon-14 will start to decline.

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, Carbon-14 dating can
be used for biological tissues as old as 50 or 60 thousan . biitis most accurate
fc,'r younger samples, since the abundance of “C nucleil eater. Very 0ld
biological materials contain no “Catall
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. , " NUCLEAR REACTIONS: 4
W f-lives can be used to determine the’age of '«.1‘;\ i nucleus, particle, "rph"foncaf;:;:ac‘:;m
Materials with relatively longer ha mple, with a half-life of 4.53 x 10" years, \ \ L Such a structural change can pe %€ o occur in g
logic formations. Uranium-238, fﬂl’e"i o Earth. \, target with sufficiently energetic 2ht about b ;
geo ::used to date eventhe oldest deposits p a result the nucleons ara addeqd :':"—lCIe such as Neutrons, aiphy :;Tibalrmng the
can % ==F ' When Nucleus X is bo : of reap : cles ete. As
. ; 0 mbard anged
‘g 4- CARBON-14 DATING: . I light particle bwill be ob 2o light particte g, ¢pe 12 target nuclys,
EXAMPLE 18:4: i S apimil remains in the Himalays. You took a ¥ ol ta'"e"h?““lﬂarreamm Ma' Praduct nucleys y ang
: nd a frozen dea 6o T, '= 5730 years) activity is ! - Mathematicayyy
R 'f:‘:nd found that carbon-14 (half life Tmld o t:e dead vl : T A+X3Y4p
sample from i ram from original value. How 0 o In 1919, Ernest Rutherforg observed ¢,
reduc.ed 1/8 per 8 P nitrogen nucleus, an OXygen nucleys aa; when an g Particle strikes 5
remains? g’ nuclear reaction is written as Nd a proton are produced. This
REQUIRED . D
GIVEN H, G
':l.uanti'::.f'.ne!’tlt:uft:i\l‘lﬂlliﬂ""l‘1 ‘N'=1/8R, Totalelapsed ‘Af* =1 I ‘ ; T 20+ 5N [0+ "'HQ
T ota ars N Such nuclear processes th
hatf ife of carbon-14 ‘T,,,' =5730ye i © conservation laws must be followeq And i
ining after 1Y —( | on the sum of number of protons and neut gl
SOLUTION: Original sarn.ple remaining arté N= (E] N, | constant. rons should remain
iven time interval is | Numb
e 1 1 ' er of nucleons on LHS = Numbe of nucleons on RHs
1 or N=—=N, of N= [_J N, -——@ | For example in the reaction dHe + UN .y 7L
putting values N ==No_ 2y 2 l 218+ 5N 50+ H+Q
We can see that on both sides, there are 18 nucleons each
Comparingequation 1 andequation2 1= 3 18.6 NUCLEAR FISSION
hree half lives the quantity left of carbon 14, will be e, . Th :
Thus inthree - » ® Process of splitting of nuclei into intermediate size nuclei is called nuclear
At fission. The fission process often produces free neutrons and gamma rays, and
The number of half lives ‘n’ past is given by relation T " : releases a large amount of energy,
' 18.6.1 Discovery: e :
- ry: Nuclear fission was discovered in December 17 1938 by Otto
i ; =3x5730years S . : ;
or Al= “T}s Putting vaiue; At=3 y '| :{::;lband his assistant Fritz Strassmann, and explained theoretically in January
Therefore At =17,190years ——m 5 Meitner and her nephew Otto Robert Frisch.
ins of the dead animal are 17,000 years old ey found that a uranium nucleus, after absorbing a low energy neutron (thermal
The remains of the dea : eutron), splits into two fragments of intermediate size. The spltting of a massive
2’:‘9“5 into two less massive fragments was termed as nuclear fission. It can be
; resented by the followi action
e you are examining has 1/4 of the carbon -14 dEWS'm: % llowing nuctearre
bg animal per gram. The half life of "C is 5730 year :
B the fossil? E k NOT FOR SALE




gure 18.12.- Lise Meitner -

_N v

Where ™U* isan intermediate excited state Fi

that lasts for only about
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 .

Figuré 18,13 shows the actual mass
distribution of fragments in the fission of
esults in the production of

1Y), The process T
‘seyeral neutrons, typically two or three. On
neutrons are

the average, about 2.5
released per event. Atypical reaction of this
typeis

In+ QU B o gBa+ ZKr+3n+Q

where Q is the nuclear reaction energy.

Figure 18:13 - Nuclear Fission

Measurement show th '
at large amount of energy is released in this process relative

to the amount of j
very high. It s found rlosed n chemical processs. Thus,enerdy el
at 1 kg of uranium delivers as much energy as 3000 tons ©

NOT FOR SALE

18.6.2 Fission Chain Reactio
une.ur more nuclear reacuunsn. When
achieved and is called Fission f-:l:h;ls a
The fact that fissi WnRe
e I::a:t -ﬁss:i:-n reactions of uranj
significant impli um - 235
plications give off
As the fi more th

in fission of uranium - 2
- 235 is abs
another fission { orbed by a
ol mur:;'ixess, it will result in "ﬁ*:*'*r nucteus of U and thus ing
. available to prod sslons, and so forth, As | emission of still mthmus Im '
fissions growz Mt‘:il:qew fissions is great:ynz:nﬂ;e average nunmerofmmn;
uncontrolled way, i € as shown in figur Per reaction, the
a¥, it rna\_,r pruducE huge e 13‘4. If we hﬂve s;lmh ﬂlﬂ'l'lher le
amo an event in

explosion of atomii unt
ic bomb we produce such an “"'c:nft::rl:? is very short time. |
fisston chain . In
reaction.

Suce i
"Easingezﬂve fissioning of ever-
mbers of uranium-235
atoms.

inc




18.7 NUCLEAR FUSION

nuclei combine t0

farrln a heavy nucleus: the process is called

When two light
nuclear fusion.
When two nuclei forma large nucleus, the mass of L

mass of nuclei that formed it. This loss in mass appea
gustaining fusion reaction is also possible put the en .
cluding sun- one suchcycleis:

in meenvironments of starsin : _
A. Proton-proton cycle: in this process lision of protons resultin .the
formation of heavier nuclei whose €0 duces helium nuclei as
shownin figure 18.15.The initial reaction inpr

arger nucleus is less then the
rsin the form of energy. Aself
ergy requi red is possible only

the direct c0
llision in turn pro
gton- proton cycleis

H+ H— H+p
mbine with other proton as

A deuteron produced in the above feaction may €0

H+H- He+Y
Finally, two such reactions can combine to form helium-4 with the release of

two protons as
4 1
JHe+jHe = “He+ H+H+Y

Figure 1845+ Nuclear Fusion (Chain)

Proton @ B*

Tk
J—

proton@®” N g Neutron r,.:‘r’
' 11;'.‘* ;He
Pn'tﬂ“," 1\-‘*-—___‘_
Proton @
e e —
Neutron ,H * Qa- >

Q" T, e

X

Y
Jrr‘.rrF (® Proton

The proton-pro

{/"—

Thisis g

Radionctivity - —_——
18.8 BACKGROUND m.M

All living creatures, from the beginnin
g of time,
» Nave been

exposed 0 radiation. Wh -
_diations alled natiira bF-‘n a radiation detect and are st
i ‘ ackground radiati, .ﬂf is used it wil fll being
Cosmic Radiation: The earth, and on, it comes from thy record thess
bgmbaded by radiations from space all living things o 1 €€ S0Urces:
gifferent parts of the world due to diitf:]r‘: dose from cosmic.
n

the earth’s magnetic field. ces in elevation

t, are cons
tantl

Terrestrial Radiation: Radioactive m nd to the effects of

in the soil, wate ; aterial is als '

::raducts i fuu’ :d"'d vegetation. Low levels of ura:fou“d throughout nature, It
everywhere. Th ium, thorium e L

different parts of the world e dose from terrestrial saun;:sn dlthelrdﬁay

. ) also vari
internal Radiation: All people also have rad esin
ioactive

lead-210, and other isotopes inside their bodies f; : potassium-40 "
rom bi » carbon-14,

18.9 HAZARDS AND SAF .
ETY FROM RADI
RIALS

Muclear radiation is
potentially harmf
produces can signifi iUl 2o hum
e cajﬂ:’:jcsnt}:r alter the structure of mT::ubl:;scal‘J: the ionization it
o the death of th withina living cell
amount of biologi e cell and even of : . The
different k ogical damage produced by fonizi Che organian tself. The
; nt kinds of radiation. fonizing radiation is different for
veryone is conti
such as ccsm?: t:guauy .EXpnsed to background radiation from :
system), ra diuacﬁ:: (hlgh—‘energ!f particles that come from nzt]::l i
carbon and potassi materials in the environment, radioacti e T
The effects of ssium {0 K) within our own bodies andradon i
ﬂ ) - L .
' the time s;::: b Slorfon husmais caiy be groupad ety iy catisgores; 2aed)
YMptoms: i :.'tween initial exposure and the appearance of I;yzl"::{:gcihng
ays, or weeks, anci‘t;rm or acute effects that appear withina mattel:of rninu'tzl
&¥en gener. (2) long-term or latent effects th :
ations later. at appear years, decades, or
Tadiatign f, *
rom ;
:'age by irradia;:e material can damage the cells of the person directly. Thisis
Wthed in. While inﬂ: Some of the radioactive material can be swallowed or
side the body, the radiation it emits can produce damage.

dMage by contamination.

— — _H,%



18.9.1 Radiation sickness is the general term applied to the acute effects of Food items must not be M
symhﬂis must be displayed wherever Umed inside the :

radiation. Depending on the severity of the dose, a person with radiation sickness :
1
stored.

e
4 N
|

can exhibit nausea, vomiting, fever, diarrhea and loss of hair. Ultimately, death i ] -
can occur. The severity of radiation sickness is related to the dose received, and in Nicleus:a tegion consistn Anipulated or e
the following discussion, the biologically equivalent doses quoted are whale-body, ' B of protons ang

Nucleons: the particles found inside et : atthe center ST

Nuclide: a type of atom whose nucleus has

single doses.
. th & specificn
Decay: the process by which an atomic umbers of protons ang

pear as a result of high-level, brief

Long-term or latent effects of radiation may ap
- iod of time. Some long-term ef § Pl
exposure or low levelexpusureoveral?ngpgncdo me. S0 dg terme fects energy by emitting ionizing particles of an unstable atom [pges :
are hair loss, eye cataracts, and various kinds of cancer. In addition, genetic Alpha Decay: type of radioactive decay i mass and
assed on from one generation to the particle (Helium nuclei) Y In which an atormic mycley .

defects caused by mutated genes may be p
next. ‘
58.9.7 Safety measures: There are three general guidelines for controlling '
exposure to ionizing radiation: minimizing exposure time, maximizing distance

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 |

Beta Decay: type of radioactive ;

particle (electrons) ) decay in which an atomic nuclews emits a bety
Gamma Decayi type of radioactive decay !

rays (electromagnetic rays of high frequ:‘:::_ ::dmammmm
Half life: the time needed for half of the original nuctei avelength)

substance to undergo radicactive dec,ay .

Radioactive: a substance or object that emits nuclear radiation

S<m=

¥k

a sample of a radioactive

into the laboratory or stored inside. An inventory 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. Signis 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 Waming — 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,

nmozb-ul n_l qz—a-u y

“education or cultural background.
____-—-—-‘-"--—.-

R E NOT FOR SALE

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

material is determined mount Tvi
oot by the a of radioactivity of a particular type that

Carbon - 14 Dating: a radioactive i
e dating technique based on the radicactivity of

Nuc_lear Radiation: rays that originate in the nuclei nfah:ms-
Nuclear Fission: reaction in which a nucleus splits

| Muclear Fusion: a reacti i
5 E action in which nuclei are comb
o largernucleus " t " 17

Shielding: a technique to limit radiation exposure

SR A = O

ﬁzﬂUPA ‘MARIE CURIE’: It is said that Marie Curie died of aplastic anemia
raﬁr_'};“?ﬂsure to radiation in the course of her scientific research and
% ltfmcalwarkatﬁeldhospitahmmldwafl.vﬂmﬁnmwm
4 maging effects of ionizing radiation? How much was known about
amaging effects of radiation at curies time? Research her life and give:a
Presentation about her achievements. .
SROUP 5 *ATOMIC BOMBS': During the fnalstage of World War, the United
H‘atw_ detonated two nuclear weapons over the Japanese ciies o
dll'usmm.a and Nagasaki on August 6 and 9, 1945, respectively. Explain the
estmchnnfrmnrhesebmﬂhﬁnadaﬂoﬂﬂpfﬂ%?m E_M

A DIM e O D)

\* -—_._.—F—-——----—-E'-l
e S
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GROUP C ‘PNRA': Pakistan Nuclear Regulatory Authority (PNRA) contral, |
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 mecessary 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 =
M @ What is the number of neutrons in the plutonium I:: Pu
A 92 B. 142 c.150 - D. 242
@ Which one or more of the three decay processes (a, B, or y) results in
a new element?
A. Only a B. Only B C. Only y D.aandB
© What type of nuclear decay leaves the number of protons and neutrons
unchanged?
A. alpha decay  B. beta decay C.gamma decay D. both A& B
@ What type of nuclear decay most often produces the greatest mass and
charge loss?
A. alpha decay  B. beta decay C. gamma decay
(5] 1:90 undergoes a-decay to produce a daughter nucleus that jtself
undergoes B- decay. Which one of the following nuclei is the oné that

D. both B &C

ulti{nateiy results? s 212
1 15 m - i
2'pb B.Hg  C.gy Tl D. 5 Bl

-8
@ Radium-226 decays by emitting an alpha particle. What is the daughter
nucleus?

A. Rd B. Rn C.Bi D. Pb

@ 7Ar is an isotope with a half-tife of
A. 134.5 min of 269 yr. 1t D P S
@ A sample starts wi B. 134.5 Years ¢, 269 m'.:iu o ﬁﬁ
o with 1000 radioactive D. 269 Years b
psed when 750 atoms have d atoms, How many hamwe: h \i.
A. 0.25 - o
B.1.5
i X C.2,
@ Origin of energy from the sun and starsiso D.25 i
A. fission B. fusion  C. Carbon dating D 'i
- - radioactivity \
~CONGEPTUAL QUESTIONS Bl
Give a brief response to the following questions (

0 The atOITI!'C number of one part.l "
ik cular i § ;
Which isotope is it? 50tope is equal to its mass number.

@ Which is more likely to expose, afilm kept
' i -
p-particles? Explain pLina cardboardbox, a-particles or

@ 1s it possible for a form of heavy hydr .
particle? Explain. ydrogen 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 decayedafter two half-lives have |-
elapsed? .

@ Can carbon-14 dating giire the age of fossil dinosaur skeletons? Explain.

@ Some food is treated with gamma radiation to kill 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 harmiess outside the body, but can be
dangerous if ingested or inhaled. Explain.

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

{COMPREHENSIVE QUESTlONS
Give an extended response to the following questions
@ Wwhat is nucleus? How a nuclide is representedsy el

@ What is radioactivity? Give the nature, jonizing and penetration abilities of
the three types of radioactive emissions.




o

What are nuclear transmutations? What ¢
nucleus is observed when alpha or beta p:
symbolic equations.

@ Radioactive sources are said to have half U
life?

@ Whatare radioisotopes? Explai
How is carbon-14 used to dete
artifacts?

@ What are fission and fusion?

@ Whatare background radiations? W
@ What are radiation hazards? How can we safegu
radiation? -

hanges in the composition of the
articles are emitted? Explain by

fe. What is the meaning of half

n their uses for various applications?
rmine the ages of wood, bones and other

hat are its major sources?
ard ourselves from

QUESTIONSS

@ How many neutrons are contained inagold nucleus':: Au?

@ 1::&“ decays via alpha decay. Identify the déiughtirnnuclide; -

© writethe nuclear equations for the beta decayof , Pband Th

@ lodine - 131 is an important radioisotope for medical diagnostic and
treatment procedures. The half life of ™1 is 8.02 days. Out of 100 8 of the
sample how much willbe left after 24 days?

@ Phosphorus-32 is used in plant sciences for tracking a plant’s uptake of
fertiliser from the roots to the leaves. The half life of *P is 15 days. Out of
800 pg of the activity given as fertilizer how much will be left after one

month?
B¢ to “C ratio in an animal fossil is found to be one fourth of the ratioin t:;e
fossil?

NUMERICAL.

bone of living animal. The half life of “Cis 5730 years, how old is the

e ——

s it i g i

Y |
eossa ry

Alternating current: The curren W

one second is called alternating mrrT::r changes ts

n
ection a number of times in

Ammeter: A current me, i
asuring instrumen
tis called am
metar,

Analogue “electronics: Th
: ¢ The bra
quantities is called analogue el ’:: c:* electronics which deals

ect . with variable

Antinode: The points of maximum am

antinodes. Plitude of stationary waves are called

Atomic mass number: Total numbers of

protons
nucleus. and neutrons present in the
Atomic number: Number of p otons present in th e nuch

Audio cassette: Device for collecting sound

Capacitance: Capacitance i ili
s the ability of a capacito
r to store an electrical cha
rge.

Centre of curvature: Th
s e centre of that spherical surface whose part is the

Ch
romatic aberration: Defect of any lens produced due to dispersion of light.

Compressional wave i
’ s: Waves in whi i .
to the direction of the wave. o particles of the medium vibrate parallel

fﬁ i

.Con : i
cave mirror: A spherical mirror whose inner polished surface reflects

Conventional cu egative
rrent: The current due to positive charge equi L
charge flowing in the opposite direction. ’ i

& ;
onvex mirror: A spherical mirror whose extemal surface reflects.

Crest: In cas : '
" e of trans i
equillrium position, verse waves, the portion of the displacement above the

Al angle: The angle in the denser medium whose respective
refraction in the rare medium is 90°. o
Com

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

OT FOR SALE



D o
Diffraction: Bending of waves round an gbstacle.

Digital electronics: Name of processing data provided in the form of digis.

Direct current: Current which always flows in one direction.

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

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 electric 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 ot
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.

: irror of
Focal length: The distance between the pole and principal focus of any miror
the distance between optical centre and principal foctglrﬂ.n)&aa

R SALE A

Fusion reaction: The

Pheng
form a larger nucleys, Rl

i i - -
N Which small nycjei diffuse each ofher o :

1 '.':I.Il‘renl.‘ il‘l a 'ﬂ
¢[FGLI -

Half life: The time in which the
number of atoms of i
a radioactive element

becomes half.

Information technology: Scientifi
: J & 7
processing and arranging information, hatad; o collecting, arranging

Infrasonics: Sound of frequency

less than : s
human ears. an 20 hertz, which are inaudible 1o

Intensity of sound: Energy transmitting per

! second th i
perpendicular to the direction of sound waves., A e Fraced

Interference: Resultant displacement of

ini two or more w :
by combining the two coherent waves. aves in a mediym

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, :

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-type Semi-conductor: A semi-conductor in which pentavalent impurity is

doped. NOT FOR SALE
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Nuclear fisslon 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 dicde.
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 emils_dtffereni radiation.

Fladlo:. An instrument which imparts sounds to us.

Rectification: Conversion of alterating 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 anl:l germanium.

Short sightedness: A defect of eyes due to whlch distant objects are not
seen clearly.

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

NOT FOR SALE
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Solenold: Cylindrical

Goll of the wire having more than one tum
Sound: A form of energy which ig

tran
compressional waves, sferred from one place another due fo

Specific resistance: Resistance of ynj
nit |
conductor. _ ength and unit cross sectional area of a

Stationary waves: 'ﬁ;faves in which the ampii i

plitude of all particles
remains constant, pa of the medium
Tele communication: To impart information quickly 1o 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 usecl for the measurement of potential differenct
2 between the ends of a cir

585
.
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Answers

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

Numerical problem 10,20
Numerical problem 10.3:
Numerical problem 10.4:
Numerical problem 10.5:
Nuimerical problem 10.6:
_ Numerical problem 10.7:

Answer Chapter 11
Assignment 11.1:
Assignment 11 B
Assignment 11 B 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 11.7:
numerical problem 11 B

Answer Chapter 12
Assignment-12.1:
Assignment 12.2

Assignment 12.3 ¢
Assignment 12.4 :
Assignment 12.5
Assignment 12.6 :

Assignment 12.7:
Assignment 12.8

Assignment 12.9:

1s

-45 N

1.45

54.6°

9.77 N/kg

2.02 x 10' Hz
1.25Hz, 0.8s

2.5 % 10° N/m

0.99 m, 0.16 m, p.5sand0.55
50 Hz, 0.02 s :
1.4 Hz

0.5 Hz

244 m, 3.26 M

2.39 dB

1.7kmor1 mile

Speed = 350 m/s and Frequency 1400 Hz
1320 m

109.14 dB

1.5 x 10" m/s or 1500 m/s
134 decibels

106.02

319.2 m/s.

1.7 km or mile

{7 mand 1.7 cm

330 m/s, 32 M

-1.64
0,45 m (virtual image, behind the miror)

0.18 m (upright, smaller image)

1.44

1.33, water
42.7°

15.0 em, - 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

NOT FOR SALE
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Avdanvery

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:

Mumerical problem 13.3:

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

60cm, -45cm
-3.33cm, - 0.Bcm
1.56 x10" m/s

33, 74°

66.3°

0.571,+4

9.3

30 mm, 1200 mm

26.0N

8 pN

60 J

4 pF

:éx "Iig:'l-;nrl pF, 33.3V and 66.6 V

% or 9 yF, 2400

8.21 x 1f§I'Il N allll1d i
{a) 11.25 N (b) force on 10 pC charge is
same as force on 5 pC charge
(€)2.25 x 10° N/C or ) 2.25 MN/C

{a) 0.129 N positive x-direction
{D)CD.AZBN negative x-direction

5

0.704 uC or 7.04 x 107 C

0.54 pF, 60V, 30V and 20V

5 pF, 18 pC, 27 pC

180 A
B.OA
1.50Q
05A
9.09s
4.54s
3.60

Rs. 1784.2
oV
3.2A
600 Q
0.3A
15.6 A, 34000 J (34 kJ)
174

Rs. 5.84
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Answer Chapter 15
Assignment 15.1:
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 13.6:
Numerical problem 15.7:
Answer Chapter 18
Assignment 18.1: -
Assignment 18.2
Assignment 18.3% -
Assignment 18.4 1
Numerical problem 18.1:
Numerical problem 18.2:

Numerical problem 18.3:

Numerical problem 18.4:
Numerical problem 18.5:
Numerical problem 18.6:

2.8N
8.6 mH

1350 V
0.3M
2.5x10°N
8 A

14 mH

80, 22000
5.45

0.06

Radon - 220, 5 Rn
Magnesium - 24, Mg
10 mg

11,460 years

118

W Ry Pb+;He (Bismuth)
0pp_%1Bi + B~ (Bismuth)

4Th—ePa + B~ (Protactinium)

12.5g,

200 pg
22,4120‘ years

Phase -4 Peshawar.
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