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Radiation Detectors

and Nuclear Models
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2.1 Introduction
2.2 Detectors
2.3 Nuclear Models

2.1 Introduction :

If we perform any nuclear physics related experiment, nuclear radiation detectors play
vital role in such measurements. Nuclear radiation is a general term and it includes a
variety of energetic particles like electrons, protons, a-particles, heavy ions or neutral
radiations like neutrons, X-rays or y-rays etc. The development of radiation detectors
started with the discovery of radioactivity by Henry Becquerel in 1896. He noticed that
the radiations emitted by uranium salts blacken photosensitive paper. So, the first
radiation detector was a photosensitive paper or X-ray film and was extremely simple. In
the beginning of twentieth century, Rutherford used flashes of light produced in ZnS as
nuclear radiation detector. These simple detectors used at that time were very primitive.
They could simply indicate the presence or absence of radiations. Nowadays, it is not
sufficient only to detect the presence or absence of radiations but one could also like to
know the nature of radiations, i.e. whether the radiations are electrons, protons, a-
Particles, X-rays or y-rays etc. On top of that, accurate energy and momentum
Measurements are often required. In some applications an exact knowledge of the
Spatial coordinates of the particle trajectories is also of interest. .

Further, we will discuss some nuclear models in detail We know that the size of
NUcleus is very small and nuclear forces are more complicated than other well-known
forces. In fact, the picture of nuclear forces is still not clear. In order to understand and
Predict the properties of the nucleus, we have to know forces completely. For knowing
"UClear forces, we adopt different approach. In nuclei, we choose an oversmphﬂe_d
Meory, the treatment which is mathematically possible, but theory should be rich in
Physics. f this theory is fairly successful in accounting for at least a few properties of the
? {Cleus, we can then improve the model by adding additional terms SO that it is capable
% account more nuclear properties. So, due to the lack of detailed knowledge of nuclear

'\

21



(Physics) (Nuclear Physics) (PHCT.

-1V) (Paper - 1) , Il model. Ferm, &
o (5‘3""- aIrV)m(odepI: namely liquid droP model, Sne em
forces, nucie , | S
collective model, etc. have been developed
.2 Detectors : _ ; _
n the field of nuclear instruments, “a detector IS defined as a device which Converg 4

e or radiation into @ usable electric signal.” An ideal g
Zr;i:?iybzfart;T: Za;ﬁgzgrilt?atz between various types of radiatlo; an:l particles ang
give a signal which is proportional to their energy. In the study of petroleum, Geooy
cosmic rays, reaction rate, molecular structure, surface properties, equilibriy
measurements and catalysis the nuclear detectors have found a use.

2.214 Nal (TI) Scintillation Detector :

1t is a device which is used to detect and measure the radiations like protons, neutrons
X-rays, a-particles, y-rays etc.

Principle:

It is based on the principle that when charged particles or rays like a-particles, X-rays y-

rays falls on certain materials, then these materials produces flashes of light calic
“scintillations”. These materials are called “scintillators”.
Construction and Working:

A scintillation detector consists of three components namely Scintillation crysta
Photomultiplier tube and Electronic circuitry.

1) Scintillation detector/crystal:

Scintillators are available in many forms. Some commonly used scintillators ar€
Inorganic crystals:

a) Nal (TI):
gal W\:}\.rithk sm:ll amount of thallium is used for detection of gamma rays &
rawback with this crystal is that it is hyqrosean: | e
in iright consiners ygroscopic and therefore is ha

b) Csl (Tl) and Csl (Na):
Csl is used for detection of no

_ proton a i Is ar

hygroscopic and haye light ou "d aipha particles. These orysia

t
¢) Lil Put compared to that of Nal (TI).
This crystal is used f i
d) Zns: or detection of Neutrons.

It was the first scintillator use

; . d in . o transP?
single crystal is quite difficult. nuclear physics; However, making b9 e
e) BisGe;0,; (BGO):
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— Organic scintillators:

2)

\

common orgaﬂic scintillators are anthracene, stilbene etc. These scintillators have
very poor efficiency compared to Nal (Tl) detector. However, in these scintillators,
the decay time of light produced due to ionizing radiations is much shorter than in
Nal (TI) detector.

Liquid scintillators:

In these detectors, scintillator material is dissolved in certain suitable liquid. In some
applications, radioactive source is thoroughly mixed with liquid scintillator. These
detectors are mostly used to count very low activities specially that of beta particles.
Photomultiplier tube:

Photomultiplier tube is extremely sensitive detector of light in the ultraviolet, visible
and near-infrared. These detectors multiply signal produced by incident light by as
much as 10° to 10°. |

Photomultipliers are constructed from a glass vacuum tube which houses a
photocathode, several dynodes and an anode as shown in figure 2:1.

Photocathode
Anode
Incident Electrlons Electrical
photon 4 \ ~ connectors
O
Scintillator
\/\ ’ S ) o—\ o—\ —
— 213 RS - /!
N s A i,i 4":'2:;/ \—O \ )
— | —
Light Focusing Dynode \ L
photon electrode Photomultiplier tube (PMT)

Fig. 2.1: Photomultiplier tube

Incident photons strike the photocathode of the PM tube, and electrons are
produced as a consequence of the photoelectric effect. The photocathode is
generally coated with either antimony-rubidium-cesium or antimony-potassium-
cesium. These electrons are directed by the process of secondary emission. The
electron multiplier consists of a number of electrodes called dynodes. The dynode is
a plate with a surface from which electrons are easily knocked out. Each dynode is
held at a more positive voltage than the previous one (50 to 100 V). The electrons
are ejected by the photocathode. As they move towards the first dynode, they are
accelerated by the electric field and arrive with much greater energy. On striking the
first dynode, more low energy electrons are emitted and these in turn, are
Accelerated towards the second dynode. The process is repeated several times with
tnhe number of electrons being multiplied by three or four at each dynode. A large

umber of electrons reach the anode of the PMT within 10° sec. These electrons

2.3
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flow f the external circuit and produce 2 voltage pulse InGiEating the arrival of )
ow from

; ulse is proportional :
photon at the photocathode. The height of voltage P prop to the 6
of the incident radiation.

Electronic circuitry: | o o
A block diagram of complete circuit is shown In figure 2.2. In this figure, the PUDog

of pre-amplifier is to match impedance pehqleen photomultipl?er and ampifig,
Amplifier amplifies the signal arriving at its input. The amplified output of
amplifier is in direct proportion to the energy deposited by rays in scintillatg,
detector.

- c
LY NaiT1)| Pm | | Pre | .| Amplifier —>| SCA —> ounter
Det. tube amplifier timer
Y
HV supply

Fig. 2.2 : Block diagram of a Scintillation detector
The SCA stands for single channel analyzer. It gives the number of pulses in certan
voltage interval. A typical y-ray spectrum of ¥7Cs emitting one y-ray of 662KeV a
shown in figure 2.3. The resolution of the scintillation detector at 662KeV is 75KeV
Similarly the y-ray spectrum of ®Co emitting two y-rays of 1172KeV and 1332Ke/
as shown in figure 2r4. The two peaks are clearly visible in the spectrum.

3500 -

3000

] Cs decay

2500 —
2 '
2 2000 -
o Resolution
£ l ~75 KeV
3 1500 - —
O -

1000 -

500 -
N -
Y ———

Fig. 2.3: Photo peak (662KeV Energy (Kev)

A ) of y- a

scintillation detector. The PhOto];;:z ::Zt:trum of ¥'Cs as reco.—dcwlf by oV,
Ws an energy resolution ©

|

ST /
2.4
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0.0 1 | A | I 1 L Ly
1000 1100 1200 1300 1400
Energy (KeV)
Fig. 2.4: Photo peaks of y-ray spectrum of *°Co. It has two y-rays of 1172KeV and
1332KeV

Uses of Scintillation Detectors:

1) Scintillation detectors are widely used in radioactive contamination, radiation survey

meters, radiometric assay, nuclear plant safety and medical imaging that are used to
measure radiation.

2) There are several counters mounted on helicopters and some pickup trucks for rapid
response in case of a security situation due to radioactive waste or dirty bombs.

3) Scintillation counters are designed for weighbridge applications, freight terminals,
scrap metal yards, border security, contamination monitoring of nuclear waste and
ports. ; '

4 1t is widely used in screening technologies, In-Vivo and ELISA alternative
technologies, cancer research, epigenetics and cellular research.

) Inorganic scintillation detectors are used to measure the energy of X-rays and y-
rays.

6) Organic scintillation detectors are used to detect § and a-particles.

7) They are rugged and can with mechanical jerks.

8) They generally have high efficiency. Efficiency is nearly 100% in case of Nal (Tl)
detectors.

9) They have very short dead time (~10" sec) permitting very high counting rates.

Limitations of Scintillation Detectors:
Energy resolution of these detectors is poor. For example, in case of Nal (TI)
detector, the energy resolution is 8-10% at 662KeV. _

he Nal (TI) detector is hygroscopic. If it absorbs moisture, it is completely
damageq,

Question: Why sodium iodide crystal is doped with thallium in Nal (Tl) scintillation
detector?

\
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; r- jum iodi |

M. Sc. (Som. ) (Pa'peion spectrum of pure sodium iodide (Nal) hasw
Answer: The emiss £ the photomultiplier tubes are not sensitiya to ¢

f 303nm. Most © _ ; 2 |
WaVe:e:g:E c:ﬂuzidition of a small quantity of thallium (0.1 _t0'0.5 % mole fraction 4
\:l::;z Thii \»}avelength to 410nm. Most of the photomultiplier tubes are sengjt,

this wavelength. So, Tl in scintillators 1S known as wavelength shifter. Also |

doping of the Nal crystal with Tl improves the scintillation efficiency b.y improving the
light emission due to the improved recombination by the light emission of electq,

and holes at the dopant site.

Iy
M)

o

2.2.2 Semiconductor Detector : - .
The field of nuclear physics has been completely revolutionizec-:l with the development g
semiconductor radiation detectors. A semiconductor detector Is a solid state version (f
gaseous ionization chamber. It is simply a reverse biased p-n junctior! diode. In these
diodes, ionizing radiations produce electron-hole pairs in the depletion region. Thi
process is just like creation of electron-ion pairs in ionization chamber. These pairs are
collected by the electric field applied and thus detector gives an electric pulse. The
amplitude of this pulse is proportional to the energy of ionizing radiations. Since
semiconductor detector is a reverse biased, therefore the signal is much larger than the
noise due to leakage current.

The electronic structure of semiconductors is such that, at ordinary temperatures, nearly
all electrons are tied to specific sites in the crystalline lattice and are occupying the
valence band. At any given time, a few electrons gain sufficient thermal energy to break
loose from localized sites in the valence band and shift to conduction band and a®
called conduction electrons. Since some energy must be expended in freeind an
electron from its normal place in the covalent lattice of a crystal as there is a band &%

that separates bound valence electrons from free conduction electrons as Show’ n
figure 2.5.

Conduction band

i T ——
—_—— e -

MRS L Y.

; Valen
Fig. 2.5: Energy gap between ce band

conduction and val ilicon- .
ence band for sill s
In pure crystals, no electrons can have energy within this gap. In siicon, the b1 %
about 1.1V and in germanium it is aboyt q 7eV. | o s held at @ oW
zero temperature, all electrons are th -(€V. In perfect materials he ot e

. €oreticall o : : o
valence band is completely filled ang the Condyu::i’;’:i;?]dspemflc Itattl%e; :Itt::;r:al energy
is empty. _/
2.6
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available at ordinary temperatures allows some electrons to be freed from specific sites

ond be elevated across the band gap to the conduction band. Therefore. for each

conduction electron that exists, an electron is missing from a normally occupiéd valence

site. This electron vacancy is called a hole, and in many ways it behaves as though it is

a point positive charge. If an electron jumps from a nearby band to fill the vacancy, the

hole can be thought of as moving in the opposite direction. Both electrons in the

conduction band holes in the valence band can be made to drift in a preferred direction
under the influence of an electric field.

In semiconductor detectors, an electric field is present throughout the active volume, i.e.

the volume of the detector or total volume of the depletion region where incident

radiations are detected. Semiconductor detectors offers many advantages over
scintillation or gas filled detectors.

Advantages :

1) Excellent energy resolution.

2) Linear response over wide-energy range of incident radiation.

3) These detectors are generally compact and are small in size.

4) These detectors are fast detectors. _

5) These detectors can be fabricated in a wide range of sensitive depth and geometry.
Initially, these detectors were developed for detection of heavy charged particles.
Later on, with the advancement in semiconductor technology;- detectors were
developed for detection of electrons, X-ray and y-rays. Let us discuss some
semiconductor detectors.

223 Si(Li) and Ge (Li) Detectors :

Silicon Lithium Si (Li) Detectors :
Till 1968, the techniques available could not reduce the impurity concentration in silicon
to less than about 10" atoms/cc. With these impurity concentrations, it was not possible
to fabricate a good semiconductor detector. This situation was overcome by using
Special techniques. One such commonly used technique is to begin with p-type silicgn
and diffuse into its surface Li atoms, which is tend to act as donor atoms and this
Creates a thin n-type region. This p-n junction is now put under reverse bliae'; of about
S00V and at a slightly higher temperature (~120°C). This causes the Lito dnft into the p-
tylpe '8gion, making a quite thick (3-5 mm) depletion region. Such a detectpr is kngwn as
Si (L) (called as silij detector. These detectors must be kept at.|IC|UId. nitrogen
S"Perature (-196°C or 77K), otherwise the Li wil migrate out of its lattice sites,
Sstroying the effectiveness of the detector. Keeping the detector at liquid nitrogen
“MPerature also reduces the background electrical noise in the detector.

\
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lution in the X-ray region. TyP - ; _ Org jg o

the ?é;?soiliéo-130ev for 5.9KeV X-rays from “Fe. ’:‘3 WT“_’I:CE‘“ X-1ay spectrym sslf_

recorded with the Si (Li) detector is shown in figure 2.6. The energy resolutig, of g

detector is 180e\f at 5.9KeV.

) 55Mn
2x10 5.89 KV

» Resolution
§ 180eV  *°Fe decay
&)

1x10° [

0 L ] : ] ] . A :
54 56 5.8 6.0 6.2 6.4 6.6 6.8
Energy (KeV)

Fig. 2.6 : X-ray spectrum of *Fe as recorded by Si (Li) detector.
Germanium Lithium Ge (Li) Detectors:

1

The photoelectric cross-section varies as Z°, therefore germanium is a better detector
for high energy gamma rays compared to silicon detector. The method of fabricatio” o
Ge (Li) dgtector is similar to that of Sj (Li) detector. In Ge (Li) detectors largeé activé
volume (i.e. total volume of the depletion region) has been obtained like Si g

detectors. Ge (Li) detectors with active volu ilable
me valla
Like Si (LI) detectors‘ Ge (L|) of SCC to 1OOCC are Comm0n|y a

detectors are o . id nitroge”
temperature, while in use or wh always maintained at the quId "
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15x10'
®co decay
P 10x10 |
=
=2
8 Resolution
18 KV | =+
50x10° |
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Energy (KeV)

Fig. 2.7 : y-ray spectrum of ®°Co as recorded by Ge (Li) detector

20,000 -

15,000 |-
0

E -
3

310,000

5000 |-

000 1100 1200 1300 1400
Energy (KeV) .
Fig. 2.8 : Comparative y-ray spectrum of 60co as recorded by Ge (Li) and Nal (TI)
detectors

224 High Purity Germanium (HPGe) Detector :
e— .
With the advancement of semiconductor technology, it became D1C3>SSlb|§14t0t get
8&rmanium of very high purity, i.e. about 1 atom of impurity for abput 10" to 1 a c;mi
of 9€rmanium. Because of this high purity, it has become possible to fabricate t Ii

detectorg without lithium compensation. These germanium detectors are Commfm,y
:efe"Ed as High Purity Germanium (HPGe) detectors. The biggest a\dvantagTe.;1 o:etfi\;snlz
l::a-t the HPGe detectors can be maintained or stored atl room teltnpe‘ralturﬁ‘-L . jetectors
mh‘um in these detectors. However, HPGe detectors like Si (Li) or GT “( l?id -
e:ft be Operated at liquid nitrogen temperature. Keeping the dzt?d;r:de?ector et
the Perature reduces the background electrical noise generatec in

: V. Like Ge
o Snergy. The energy resolution of this detector IS 1.8KeV at 1332Ke il
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ber : i
s Chan:ectors which provides visual trajectory of a chargedm\
e )

; _ lk
tc. Cloud chamber is also known as Wisop Clouz

It is one of the d
electron, proton, a-particles, :
Chamber was built by C.T.R. Wilson in 1911.
ll:':rils.nglapsl:c-i on the principle that when dust-free air gatura?ted with VBPOUtrS of_ a liquid (ke
tc.) is allowed to expand adiabatically, super-sa L{ratlgn oceurs, |
watter, aloohal, e.the.r,he i hamber and creates ion-pairs, tiny dr
at this stage an ionizing particle enters the c i | A : . Oplets
of liquid condense on these ions and form a visible track along the path of the ionj;
radiation. These visible tracks can be photographed. Ir-u some cases, cloud chamber
subjected to a strong magnetic or electric field. Such a field ca_usesl the cha.rged particles
to travel in curved path. The curvature of the curved path gives information about the
mass and charge of the ionizing particle.
Construction:
A simplified form of a cloud chamber is shown in figure 2.9. It consists of a transparent
cylindrical chamber CC in which piston P is fitted at the bottom. On the top of this
cylindrical chamber is an optically-flat glass plate G and a camera from the top views
inside the chamber. This chamber is illuminated from a side with the help of a strong
light source.

Camera

= 1 G
Light ——
—_—
— Initial position
of the piston
—» Final position
S ————s of the piston
X i
F'g 2.9: Sim .
plified dia
Working: gram of cloud chamber
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owered by moving enly due to which the temperature of the
saturated liquid falls and vapours becomg su_per-saturated. If at this moment, a charged
b article passes through thg chamber, it .WI|| produce ion-pairs. The super-saturated
yapours condense on the ions and a trail of droplets along the path of the charged
particle is seen. These tracks are.known as cloud tracks. These tracks have distinctive
shapes. For example, an a-particle track is broad and straight while an electron’s
yrajectory is thinner and shows a zigzag trajectory. If the chamber is illuminated with

light, a camera can take a photograph of the track, which appears as a white line on a

dark background. When a vertical magnetic field is applied, positively and negatively

charged particles curve in opposite directions.

Advantages:

1) When subjected to electric or magnetic field, cloud chamber is used to find charge
on the ionizing particles and their momentum.

2) With cloud chamber, the range of high energy particles can easily be determined.

3) By seeing the broadness of a cloud track, we can immediately get an idea whether
the track is due to heavy particle like a-particle or light particle like electron.

Limitations:

1) If the energy of the ionizing particle is high, it may not completely stop in the cloud
chamber and may come out of the chamber. So, we will not get full information
about the particle.

2) The recovery time of the cloud chamber is relatively very long, 10-60 sec after the

expansion, so it may miss many ionizing particles.

226 Bubble Chamber :

The basic drawback of cloud chamber is that because of the low density of the gas, it is
not possible to observe high energy particles. In 1952, D.A. Glaser at the University of
Michigan, conceived the idea of using superheated liquid to display the tracks of ionizing
Particles, just as a cloud chamber utilizes a super-saturated vapour. The instrument
based on this concept is known as a Bubble Chamber, because the tracks in bubple
thamber consists of closely spaced bubbles, whereas in a cloud chamber there are tiny
droplets of the liquid.

Principle:

tis based on the principle that under high pressure it is possible to heat a quuid without

bub[?|e formation well above its normal boiling point. If suddenly pressure is released,

ehe lquid remains in a superheated state for some time. If such a_superheated liquid :;'
Xposeq to ionizing particles, the ionizing particles produce ion-pairs and these ions a

a
pZrt(i:’:’l"'dI‘Jnsation centers for the formation of vapour bubbles along the path of the
Cle,

\
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e ~bble chamber is shown in figure 2.10. <

The schematic diagram of the b Expansion
valve
! o
. Cameras ® ‘
; Glass plate G___L@ |
[ =
Windoﬂ
w Liquid hydrogen
Liquid
nitrogen
shield

Fig. 2.10 : Schematic diagram of bubble chamber

The main body of the chamber is made up of stainless steel with thick glass ports at the
top for a viewing camera. A box of thick-walled glass is filled with liquid hydrogen and is
connected to the expansion pressure system. In order to maintain the chamber at
constant temperature, it is surrounded by liquid nitrogen. High energy particles are
allowed to enter the chamber from a side window W.

Working:

Initially, the liquid hydrogen is kept under high

: pressure, but when a charged particle is
passing through

ng it, the pressure is released so that the liquid is in superheated state.
The.hquud vapours get condensed in the form of bubbles on the ions formed by ionizing
particle and photographs of the tracks formed are obtained by the cameras. Generaly.

bubble chamber is lsut?jefcted to a strong magnetic field in order to distinguish the sign of

curvature of the bubble tracks. Though most commonly used liquid in bubble chamber s
liquid hydrpgen other liquids such as deuterium, helium Xeno ntane, €t
also used in some cases. ' n, propane, pé ’
Advantages:
1) Due to high density of the liquid, even h d
in bubble chamber. '9h energy cosmic rays can also be record
2) The bubble chamber is sensitive to both
: high and low ioniri :
3) As .bubbles grow rapidly, the tracks formed | 0: lonizing particles. o
undistorted. N Dubble chamber are clean
Limitations:
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2.2.7 spark Chamber :

Tis also an image forming detector. The details of a spark chamber are as under.

principle:

A high voltage is maintained between two parallel plate electrodes in a gas. However
the electric field between the plates is not strong enough to permit the passage of sparkj
Now, if an ionizing particle enters the gas, it ionizes the gas atoms creating ion-pairs
along its trajectory. This provides a low resistance path and due to high voltage across
the electrodes a spark takes place along the trajectory followed by the ionizing particle.
Construction:

Spark chamber consists of parallel plates of conducting material like aluminium spaced
from about 0.2cm to 3cm apart. The number of plates may range from a few to a
hundred or more depending upon the nature and purpose of the experiment. The size of
the plates can be as large as several square feet in area. Alternate plates are connected
to a high voltage direct pulse generator so that electric field of the order of 10,000 to
15,000 volts/cm can be applied between adjacent pair of plates. The spark chamber is
generally filled with neon or argon or a mixture of 90% neon and 10% helium. The

schematic diagram of spark chamber is shown in figure 2.11.

Scintillation lonizing radiation
|

counter-- - /;

LY
N\

Phototube

|
!
f

Coincidence
unit

I
]
1 5

i

/
|
i

I

L] ]
S
] \‘
L

l Scintillation Phototube

| counter

Fig. 2.11: Spark chamber
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Working:

When a high energy particle enters the spark chamber, the ;‘i::lla?ﬂh@teqm Olityigg
the chamber sends a pulse to the high voltage pulse gen: h + WIRCT 1N tum Sends ,
high voltage pulse to the spark chamber plates. When a f'Q energy Chafgf-'d Partige
passes through the chamber, it produces Ia.rg'e numper of 1on-pairs along its path
visible spark jumps along the path of the ionizing particle between two plates. Camer,
records the visible track of the particle.

Advantages:

1) ltis capable of fast operations.

2) It provides good definition of direction of the ionizing particles.
3) It is relatively cheaper compared to bubble and cloud chambers.
Limitation:

Spark scatter 15 to 20 thousandths of an inch, and the path uncertainty increases as the
path of the particle becomes parallel to the plates.

2.3 Nuclear Models :
A good nuclear model must satisfy following two criteria.
1) It must reasonably well account for previously measured nuclear properties.

2) It must predict additional nuclear properties that can be measured in new
experiments.

Let us discuss some nuclear models in detail.

2.3.1 Liquid Drop Model :

This model makes comparison between nucleus of an atom and a drop of a liqud

Nucleus is very small quantum particle. This i of
R . - s the ce A drop
liquid is @ macroscopic collection of molecules. B ntral core of an atom

drop of liquid, we can make very acc oy _
nucleus. i urate predictions of some of the propertiés of

) e 3
Y assuming nucleus to behavé “kfhe

Similarities between nucleus and a drop of liquid

1) Both the nucleus and a drop of liquid ¢ ’
ontain la .

2) Both the nucleus and a drop of liquiq are homorge Number of particles.

3) The nuclear mass density is constant
near its boundary surface just like ali

geneous and incompressiblé-

. e
th.rO"'ghOUt its entire volume and drops ©° :
quid drop.
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mdeqs' .anIC|eonS interactg strongly only within its nearest ne hbori
nucleons. It is similar to a drop of liquid in which the molecules only interactg wi?t:"']tg
its

neighboring molecules.

Both a drop of liquid and nucleus shows surface tension effect Because of this

nucleus, just like a drop of liquid tends to be spherical in shape in absence of other

forces.

6) Binding energy of the nucleus is analogous to heat of vaporization of liquid. That is
evaporation of molecules from a liquid drop is similar to loss of nucleons from é
nucleus when provided external energy.

7) This similarity is related to fission and fusion. When you have drops of liquid, then
they can merge together to form a larger drop of liquid and similarly a large drop of
liquid can break apart and become two individual smaller separate drops of liquid.
This is very much similar to fusion and fission of nuclei during nuclear reactions.

Semi-Empirical Mass Formula (Weizsabker Semi-EmpiricaI Mass Formula)

The analogy between nucleus and liquid drop has been used to set up a semi-empirical
formula for mass or binding energy of a nucleus in its ground state. The mass of the
nucleus can be expressed in terms of the total binding energy B and the masses of Z
protons and N neutrons as |
M =ZM, +NM,—B (1)
The binding energy B of a nucleus is given by the sum of five terms as
B=B,+Bs+B.+B; +B,
These terms are explained in the following sections.
1) Volume Energy Term (B,) :
The volume term arises from the interactions of the nucleons through the strong
force. When a liquid drop evaporates, the energy required for this process is the

Product of mass of the drop M,, and latent heat of vaporizatipn _L. This ener?yhis
used to break all the molecular bonds. This is same as the binding energy of the

drop B. So
(3)

R =l itt 5
; a
Where N is the number of molecules in the drop. Equation (3) can also be written %

5 _ 1M, = constant

(2)

i in the liquid
This means that 2 is independent of the number of molecules present In q i
d - ther in nuclei by short rang
f gop. We know that neutrons and protons are held tobgel'oW e constiuents By

'Ces. These forces reduce the mass of the nucleus bé e the volume g

N amount proportional to the number of nucleons A. S
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2)

3)

nucleus is proportional to A, hence this term is regarded as a volume bindm

and in analogy to equation (4) is given by
B, = a,A 5

Where a, is a proportionality constant and subscript v is for volume.

Surface Energy Term (By) :

This term is basically result of sun‘aog
surface area of nucleus, the greater will
the stability or binding energy of nucleus.

nucleons on the given nucleus. Larger the
be surface energy which tends to decrease

Surface area= 4mR?
ButR = RyA /3
Therefore, B = 4R 2A™3

B, = —a,A’/3 | (6)
Negative sign shows that surface energy term is going to decrease binding energy of
nuclear structure.
Coulomb Energy Term (B,) :

Inside the nucleus, not only the strong nuclear force exists between the nucleons but
there exists coulombic repulsive force between proton and proton also. That

coulombic force tries to break apart the protons away from nucleus. So it is going to
act against the nuclear binding energy.

z2(Z2-1)
==,
The total work done assembling a nucleus consisting of Z protons is given by

3
_2292

W = S
dme,r

If there are Z protons inside the nucleus, then number of interactions are

Where r is the radius of the nucleus.

For a single proton nucleus

For a nucleus having Z protons

HEOr

2,16
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IS done against Coulomb repulsion in
e Coulomb energy term for a nucleus

mngle proton nucleus no work

F
assembling the nucleus. Thus, the try

containing Z protons is W — w'.

3,22 3
B, = — 52 € _ gzez
dnegr  Ameyr

3Z(Z - 1)e?

B. =
5 Admeyr

The negative sign indicates the repulsive term. As R = R0A1/3 above equation can
be written as

Z(z-1)

B = —hc a3 (7)

4) Asymmetry Energy Term (B,) :

The asymmetry term reflects the stability of nuclei with the proton and neutron
numbers being approximately equal. This is a term, which depends on the neutron
excess (N — Z) in the nucleus and it decreases with the increasing nuclear binding
energy. For very few nuclei of low Z, N—Z =0 (i.e. N =Z2) and are more stable
compared to their neighbours, i.e. their binding energies are maximum. The
reduction in binding energy for higher 4 nuclei is directly proportional to (N — Z)? or
square of excess of neutrons and is.inversely-proportional to the mass number. So,
we can write -

2
B« ——(N ;Z)
By= =ty (A—jzf (8)
ASA =N + 7 and a, is constant.
5) Pairing Energy Term (B,) :
Experimentally it is found that,
By, = apA_3/4 e

Substituting the values from equations (5), (6), (7). (8), (9) in equation (2) we g&!

2 2(z-1) (a-22)° 5 (10)
B:avA_-asA /3-ac-1-1—/—3—-aa A +apA i -
Subsﬁt“ting value of B from above equation (10) into equation (1) we get the s
€Mpirical mass formula as , 3 1)
2 z(z-1) (A=22)° _ o A /4
M =ZM, + NM, — a,A+a,A73 +ac =3+ p

Th ;
= Various constants found are
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d,= 15.5 MeV
' R 16.8 MeV
a.= 0.7 MeV

a,= 23.0 MeV

=34 MeV for-even—even nuclei
=0 MeV for odd A nuclei
—_34 MeV for odd—odd nuclei

Achievements of Liquid Drop Model : | | |
1) It predicts the atomic masses and binding energies of various nuclei accurately.
2) It predicts emission of @ and B-particles in radioactivity.
3) The theory of compound nucleus, which is based on this model, explains the basjc
features of the fission process.

dp

Failures of Liquid Drop Model :

1) It fails to explain the extra stability of certain nuclei, where the numbers of protons or
neutrons in the nucleus are 2, 8, 20, 28, 50, 82 or 126 (these numbers are called
magic numbers).

2) It fails to explain the measured magnetic moments of many nuclei.
3) It also fails to explain the spin of nuclei.
4) It is also not successful in explaining the excited states in most of the nuclei.

5) The agreemeqt of semi-empirical mass formula with experimentally observed
masses and binding energies is poor for lighter nuclei compared to the heavy ones.

2.3.2 Shell Model:

The liquid drop model can explain the observed variation of the nuclear binding enetl

with mass number A and fission of heavy nuclei but could not explain various nuce?
properties such as magic numbers, spin, parity, electric quadrupole moment étc The
properties would require us to consider the mot otenﬂai

well which would give fise to the existence ﬁn of individual nucleons In 2 fm"arto
electronic shells in the atom. As in atomic of a nuclear shell structuré S i

of which the outermost subshells are o Physics, there are inert gases He. N¢

: ; und
We say that these gases are staple mpletely filled and electrons aré tightly bo
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mboth. They are called doubly
3

stability- )

Evidences to show emstgnce of shell structure within the nucleus :

1) Nuclei containing magic number of protons ang neutrons show

2) Measurements sbows that, the separation energy of a ne
containing @ magic number of neutrons s large as compare
containing one more neutron. Similar in case of separation en

3) The number of stable isotopes of an element containin
is usually large as compared to those for other elemen
Z=20 has 6 stable isotopes compared to 3 and 5 for
with Z=22 respectively.

4) The number of naturally occurring isotones with magic number of neutrons is large
compared to those in the immediate neighborhood. For example, number of stable
isotones at N=82 is 7 compared to 3 and 2 at N=80 and N=84 respectively.

§) The neutron capture cross section of nuclei with magic number of neutrons are
usually low. Since the neutron shells are filled up in these nuclei, the probabilities of
these capturing an additional neutron is small. Similarly nuclei with magic number of
protons have low proton capture cross section.

6) Nuclei with magic number of neutrons or protons have their first excited states at

higher energies than in case of neighborhood nuclei.. _

The stable and product of all the three natural radioactive series (Uranium series,

Actinium series and Thorium series) are three isotopes of lead (5,Pb*®, &Pb*”,

22Pb™) which all have magic number Z=82 of protons.

The naturally occurring isotopes whose nuclei contains magic number of neutrons gg

Protons have generally greater relative abundance. For example, the isotopes ssSr

(N=50), ;sBa'*® (N=82) have relative abundance of 82.58% and 71.70% respectively.

Assumptions for shell structure of nucleus

To develop 2 theory of the nuclear shell structure, it is necessary to assume |

1) The existence of spherically symmetric central field of force governing the motion of
'dividual nucleons inside the nucleus. .

The central field of force in this case is assumed to be an average field due to all the
Nucleons in the nucleus. So, force on a nucleon will be same as on other nucleons.
Protons ang neutrons separately fill levels in the nucleus. —_—
Here we will discuss the motion of a single nucleon to describe sta;ucture c:J a::; ° car;
doMis mode! is also known as single particle shell model. Schrodingef 84 & 27
describe the motion of single nucleon, but we don't know the profile

Potentia| Therefore we used hit and trial method for nuclear potential.

magic numbers ang show exceptionally high

very high stability.
utron from a nucleus
d to that for a nucleus
ergy of a proton.

g @ magic number of protons
ts. For example, calcium with
argon with Z=18 and titanium

7

§)

2)

3)
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2.3.2.1 Square Well Potential :
The problem can be mathematically simp
walls as

lified if we assume a potential weﬂvm.

va)=-Y% T <o

=0, r>170

The shape of the finite square well potential is shown in figure 2.12

V{r]

! r

Vo

Fig. 2.12 : Square well potential. =V is the depth of the well.

If we solve Schrodinger equation for square well potential, we get the sequence of levels
as 1s, 1p, 1d,2s,1f,2p,1g,2d,1h,3s,2f,1i,3p, 29 and so on, where s,p,d,f,g,hi ...

etc. stand for usual spectroscopic natation 1 =0,1,2,3,4,5,6, ..... . respectively.
Level Number of nucleons Magic numbers
1s ~ 2 5
1p 6 8
1d 10 18
2s 2 20
r 1f 14 34
i 2p 6 20 e
19 18 58
- 2d 10 58
1h 22 55
3s 2 —
il 14 = i
1 26 106
Table 2.1 : Nuclear levels and maq;i L————————‘IL"”

a : ¥
1) protons or neutrons. For example nt:lon of the nucleon, a level can contal” 2‘(; pe
2(2(0)+1)=2 and number of nucleons in‘ mber of nucleons in 1s (L = 0) shell Wﬂodd

. 1 =
predicts the shell closures at nucleon “U{nl()le‘ 3) shell will be 2(2(3)+1)=14. This r:m "

r2,8,18, 20 sho
— ; , 34, 40, 58, etc. as
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—Table 2.1. The numbers shown in column 3 of the above table are not the

aEzeNe 4 magic numbers. The sequence of levels for the square well potential is shown
0
i figure 2:13
3p 6
138
1i 26
B ] 132
2f 14
106
3s 2
. 92
1h 22
90
2d 10
68
—— 58
2p 6
- : 40
1f 1
e cozmecene 34
2s .
20
1a P e
6
1p . 8
1s 2 2

Fig. 2.13: Sequence of levels of the square well potential

The level sequence for square well potential can be remembered in th<='T fcillozzght?vyr;
.F'rst In a vertical column write the level sequence 15, 17, Ldy 1o 1h" ll‘we:ité the level
M figure 2.14. Then leave two vertical spaces as blank ane 29 and write level
“*Quence 25,2, 2 2f,2g, etc. Again leave tWo vertical blank Spact-353 level will shift
--Ouence 33»3P.}3d:3f: etr:. as shown in figure 2.14. In this qu;e;:eihdii:ated by arrow
int eef‘ lhand 2f. Similarly, 1i level will shift between 2f ar_’ fi pure 2.15. Now, starting
fr " figure 2.14. The resulting sequence il look as shown i gl is 15, second 1p, third
Z“: © top and move horizontally from left to right, the first level is 1S,

wifth 1f, and so on. s

2.21
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Fig. 2.14 : Way to remember the square well potential levels

@OEO®E
®O®

OEOIONOIS®

Figure 2.15: The resulting sequence is the sequence of square well potential
levels
2.3.2.2 Harmonic Oscillator Potentia| : /
Mathematical form of this potential is

— 'Shes steadily at the edges.
o —
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V(r) —

-Vo

r —=>»
Fig. 2.16: Harmonic oscillator potential

Again solving Schrodinger equation for harmonic oscillator potential, we get the
following sequence of levels as shown in first column of table 2.2. The first level is 1s,
second is 1p, third level contains two subshells 2s and 1d having same energy, fourth
level again contains two subshells 2p and 1f and so on.
Table 2.2 : Nuclear levels and magic numbers predicted by
harmonic oscillator potential

Level No. of nucleons in various levels ~ Magic number

ls 2 o ) 2

lp 6 8

2. 1d 2+10=12 20

».1f 6+14=20 40

3s.2d.1g 2+10+18=30 70

3p.2f 1h 6+14+22=42 112

[4:3d.2g. 10 2+10+18+26=56 168

L::,htls Case also each subshell contains 2(2! + 1) protons or neutrons. for :(xzal(q!ﬁl?).:ig
nuueo:zeaih T by SUbshe”S 7 e 1—f' e =T10)’t’aIltn(i::rr:tt)ael:1 zf nucleons in
fo“_rth shellnf;L(l—: e ngclizrliird column of the table 2.2
his | 4=20. These numbers are shown in

ly observed magic numbers.
ure 2.17. The levels are

be remembered in almost

The ::cTL'; S€quence again does not reproduce experimeetalfl
ki Ually spenCe of harmonic oscillator levels is shown |nI ig
s"’“ilar,‘,‘, aced. Harmonic oscillator level sequence can aiso

Ay as that of square well potential as shown below.

2.23
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3d2g1i > 168
453d2g1i
42
112
3p2fih
30 o
3s2d1g
20 40
2p1f
12
2s1d 20
6
1p 8
2
1s 2

Fig. 2.17 : Level sequence as obtained for the harmonic oscillator levels
As shown in figure 2.18, write in the first vertical column the level sequenc
1s,1p,1d,1f,1g, 1k, 1i, etc. Then leave two vertical spaces as blank and again write the
level sequence 2s,2p,2d,2f,2g, etc. Again leave two vertical blank spaces and wrie
level sequence 3s,3p,3d,3f, etc. Now these sequences read horizontally are the

harmonic oscillator levels. For example, first level is 1s, second is 1p, third is 1d, fourth
2s, and so on.

0 .
potential, is MPromise b




y Y

Radiation Dete
e Ctors a
potentlal is known as Woods-Saxon potential. In this eqUationnj Nu(;:[ear Models

is

i gan radius and r = roA /3. Unlike Square well potential, the Wood ‘
have any sharp edges at all. The harmonic oscillator pot:ntis-?axon potential |

ave &Y edges. The shape of this potential is shown in figure 2 1; ?r:_o does ot

closely apprommates.the nuclear charge and matter distribution, falling s}no ItShIpOtentlal

peyond the mean radius R. When the Schrodinger equation was solved for tr?is yto zero

i predicted 2, 8, 20, 40, 58, 92, 112 as magic numbers. We again get thpmem'él’

mbers 2, 8 and 20, but the higher magic numbers do not emfrge ffonT at?::

calculations.

/

J/

Fig. 2.19 : Wood-Saxon potential

2.3.2.3 Spin Orbit Coupling :

A way out of this difficulty, which proved to be remarkably successful was proposed
ndependently in 1949 by M.G. Mayor in USA and O. Haxel, J.H.D. Jensen and H.F.
Suess in Germany. We know that each nucleon has a spin angular momentum s =
\m h and orbital angular momentum [ = m #. It was proposed that there is
@ strong coupling between the orbital angular momentum and spin angular momentum
o each individual nucleon referred as spin-orbit coupling. The nucleon energy level for a
den value of the orbital quantum number (except [ = 0) splits into WO SUbShel"s'
tharacterized by total angular momentum quantum number J = L+1/yandj=1- / 2
:grresponding to spin components of +1/2 and -1/2 respectively. The sign of this erm 1S

oSen in such a way that +1/2 goes down in energy___yyh_gr_gas___-_?_!? goes up.

...... 4

does not

Ve

Isy/2
p3i2. 1p172
ldsi. 2512. ldyja

]
20
28
1/5:2

50
2p3. 152 2p172- 18922
1g7/2. 2ds,2, 2d372. 3sy2. M2

Lhg/, 2772 2512, 3032, P12 1i132
22, 45172, 3d3/2. 11512

82
126 |

184 i

T | 2g9:2 3dsp. 1102 2g

he
Se .
{Wthese levels is shown in figuré 2.20. //—"
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e MR
3p 2

~~ 2
—— lhgp

3 —8d

\\ r’
k. 12" 1y
"""" 35112
3s "______ﬂ____ o
“ g 6 2dsp,
= 124,
fl” 8
1g ~I: 50
N 10
= 2 189:2
- =TT 1py
2 S, 4 1p3
-~ 1
“f’ 6 fS:’Z
¥ s 28
\“‘.“ 8 ‘
Vi 20
4
-7 ld-,
& T s 2 32
1d = -
6
lds,
2 B
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s — 2 2

i : s,
Fig.2.20:: Level scheme due to spin-orl::it couplin
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W of Shell Model :

2.3 T of the closed shell nuclei reproduces all the magic numbers
;: yen-even nuclei have ground state angular momentum or spin 0. There is no

known exception to thifs rul.e.

g In odd A nuclei, The splrt" \::Ill be dtettermined by the last unpaired particle.

4 AN odd-odd nucleus will have a total angular momentum which is the vector sum of
the odd neutron and odd proton j values. The parity will be the product of the proton
and neutron parities.

5) In an odd nucleus, tlje total angular m-omentum I of the nucleus is equal to the
angular momentum j of the last unpaired nucleon. Thus we see that magnetic
moment of the nucleus is produced by the odd nucleon only.

§) The shell model also makes predictions about the electric quadrupole moment of the
odd A, odd Z nuclide, on the assumption that this is due to the unpaired proton.

7) The single particle model has succeeded in explaining the phenomenon of nuclear
isomerism. The shell model also predicts that almost all of the isomeric states with
long life are found for nuclei with N or Z near the end of a shell.

8) Theory of beta decay shows that the life time can be understood in terms of relative
parity and angular momenta of the states involved.

9) Stripping reactions can be explained by single particle model.

2.3.2.5 Achievements and Failures of Shell Model :

Achievements of Shell Model :

1) It explains the ground state spin and parities of all even-even nuclei without any
exception.

2) It explains the ground state spin and parities of most odd A (even-odd or odd-even)
nuclei.

i: :: also e_‘XDIains the spin and parities of oddtodd nuclei.
. explains thg extra stability of magic nuclei. -

also explains the qualitative features of magnetic di

Moments of different nuclei.
nul; ;'SO able to explain many other properties, lik

Ailur

ell ) ‘ . | _
) § & Model fails to explain spin values for certain nuclel. wven

- i in even
Model is unable to explain the energy of first excited states In €V

pole and electric quadrupole

e nuclear isomerism of different

IS |
Y isunable to explain magnetic moments of some nuclel.
Model is also unable to explain quadrupole moments of

\ S
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2.3.3 Fermi Gas Model :
The semi-empirical binding energ

drop. Such an analogy is an oversimpli : ) )
can be explained more simply in terms of independent particle behaviour rather 4

terms of the strong interaction picture imp”ed_ by t:etrl:qw:u;::ups '?Odtel- The Mogt
primitive independent particle model s obtained If tné o i reated o5 ,
degenerate Fermi gas of nucleons. The nucleons are assume ve Treely excepy fo

. 1
effects of the exclusion principle, throughout a sphere of radius R = Ry /3, R, = 12fn
The situation is represented in figure 2.21 by two wells, one for neutrons and other ,,
protons. Free neutrons and free protons, far away from the walls, have the same
energy, and the zero level for the two wells is the same. The two potential wells thoyg
have slightly different shapes, mainly because of the Coulomb part, the well for protgyg
is less deep because of the Coulomb potential by an amount Ec and extemally the 1,
dependence of the Coulomb potential extends the range. Protons trying tg enter the
nucleus from the outside are repelled by the nuclear charge, they must either tunne

through barrier or have enough energy to pass over the barrier.

o -

 formula is based on treating the nucleus kg

cati leus has ma 2 ligug
fication and nucieu ny pl'Opemest

han in

l t Fermi level : t

*>
-9
lq— En —b]

‘

I
-%——H i~ .
|

v

TEc Protons
Neutrons

Fig. 2.21: Protons-neutron levels in Fermi model of the nucleus. The two potenﬂill
wells have slightly different shapes because of the Coulomb repulsion of proton®
The wells contain a finite number of levels, each level can be occupied by two nucieon_S;
one with spin up and other with spin down. It ig assumed that the nuclear temperawfe'

so low that the nucleons occupy the lowest states available to them. The terw
degenerate Fermi gas describes such a situation. The n up

a maximum kinetic energy equal to the Ferm; energy Ep. ind
From the density of the states obtained from free Fermi gas confined to stay Wil
volume V, the nuclear volume, the number of particle states are given by

— /

2.28
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\ / P
2V
.: f d3p

~ 2nh)3
0

or VPF3

- 3m2h3
Fermi momentum P is given by
1
ny /3 3 n
Pr=h(3n2=) " = (__)
P=n(3n’p) " =n(gy
¢t us calculate the depth of the potential well for Z protons and N neutrons. We can

1/3

- write .
_ h (9TIN ) /3

P g fl 500
Fn = o\ 44

h /9nZ
Prip _?{( 44 )

For the neutron and proton Fermi momentum respectively.
A simple estimate of the Fermi momentum can be reached by considering

1/3

N=2Z=A/2
Resulting in
h (9 /3
Pen=Pro =77 )
Using the value hc = 197 MeV fm, this becomes
297
Ppn = PF,IJ ~ — MeV/c
: To

The corresponding Fermi kinetic energy with o = 1.2fm becomes
PF,n2 PF,PZ

F= ~
This 2m 2m |
bind_energy corresponds to the kinetic energy of the highest oc

'Ng energy). The Fermi gas model gave some information a

Stat . . y
€S even at low excitation energies observed In radioactive decay.

~ 33 MeV

cupied orbit (smallest
bout nuclear excited

2.3

'?iﬂective Model : ———
€s - . — ear features.

Th hell Model has been most successful in explaining a number of nucl

deviation i makes this model less
s of i m the Schmidt curve
a°°_"3ptab| magnetic moments fro oral times larger than can be
Might

. . e by
"ercome | i ideri olarization of the even-even cor
the Mot e in odd A-nuclei by considering the p S ugleons, thus have 2

we odd nucleon. The nuclear core, consisting €v . —
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hape. This distortions would make gn e
contribution to the quadrupole moment and the quadrupole transition rate T &
the deformed nuclear core has been developed by A. Bohr. and B, Mottelson Lea@E
nuclear quadrupole moments are found in SOME cases, mainly among the rgq e
elements with major axis 30% larger than the minor. The mechanism by ypjg, lhi:

deformation is done been illustrated in figure 2.22.

M. Sc. (Sem.- IV) (Paper - )
spheroidal rather than a spherical s

—
=
W
alo
g 2/
o[ ro
—

(a) (b) (c)

Fig. 2.22 : Mechanical of equilibrium distortion of nuclei

In figure 2.22 (a), a nucleon outside a closed shell is shown orbiting around a sphericaly
shaped closed shell core. If the forces between the extemal nucleon and the intema
core are repulsive there is a tendency to polarize the core by pushing the equatord
plane towards the center of the nucleons to form a prolate spheroid (figure 2.22 (b)).On
the other hand, if the forces are attractive, polarization is accomplished by pulling out the
equatorial plane to form an oblate spherical as shown in figure 2.22 (c).
The individual nucleons are imagined to move in orbits as before i
distribution determined by the remaining nucleons. It is suggested that the entir
configuration can undergo periodic oscillations in shape. This collective motion of the
nucleons influences the individual particle orbits because it changes the potential of t‘h:
region in which these particles move. Because of the stability of the core, the collectV®
motion is small and the independent particle characteristics are prominent, for the nu°
consisting of almost closed shells. !
The scheme of nuclear energy levels which results from the collective motio” of ﬂ;e
nucleons in the core and interplay between the motions of loosely bound * ?ng
nucleons depends upon the strength of the coupling between them. When the coup ld J
is strong, the energy states resemble with the linear molecule The collectiVé -oual
does not deny the validity of the shell mode|. |t must bel realié:ed that the ind“ﬂd

nucleons still pursue their ‘quasi-interdependent” motions in a spheri‘fw

_ potenﬂ?ﬂ
e shel
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| Radiation Dete

Wdel, the inner core of the qucleus behavztsolri:ea:i:nlﬁ::ar Mo.del.s

! ‘“CCOS “ounded by Ioosely ‘bound nucleus in outer shell, thus combini iy ‘Irqu|d
dmpacteristics of both the liquid drqp and the shell models. Nucleus has a ;1:19:' ik
Ghatr 2y oscillate in s.hape and size and the energy levels rise due to th: st[r!uctl_ire
thitioﬂ of nucleus forming the core and the coupling between loosely bound nu;ZuZC;I:Z

QOCRRRRRRRXXRCERRARRAE

Short Answer Type Questions

1) What is the principle and significance of a photomultiplier tube in a
scintillation detector? '

2) Why sodium iodide crystal is doped with thallium in Nal (Tl) scintillation
detector? :

3) Give the properties of a good quality photomultiplier tube.

4) What are the advantages of a semiconductor detector?

5) How are the Ge (Li) detectors more suitable over the Si (Li) detectors for
electromagnetic radiations?

6) What is the principle of the cloud chamber?

7) What is the principle of the bubble chamber?

8) What is the principle of the spark chamber?

9) What are the drawbacks of liquid drop model?

10) What are magic numbers? .

11) Give two achievements of nuclear shell model.

12) What are the similarities between a nucleus an

13) State predictions of shell model.

14) List various nuclear models.

15)Name the various contributions to the bindin
in semi-empirical formula.

Q. 1.

d liquid drop?

g energy of the nucleus as taken

:0"9 Answer Type Questions :
2) Describe the construction and working 0 ;
) What is the principle of a bubble chamber? Discus

f Nal (TI) scintillation detector.
s its construction and

Working. What are its merits? ' d
: . ; tion an
3) What is the principle of a cloud chamber? Discuss its construc
Working. i its? :
9-\What are s meiss per? Discuss its construction and

4 :
%ls the principle of a spark cham
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Reference Book

Introduction to Nuclear and Particle Physics by V K. Mittal, R.C Verma. S C G
Nuclear Physics by D.C. Tayal

Nuclear Physics by Dr. S.N. Ghoshal

Nuclear Physics An Introduction by S B. Patel

Nuclear Physics Principles and Applications by John Lilley

Nuclear and Particle Physics by K K Sharma, B.S. Satyal

1)
<)
3)
4)
5)
6)

- i its?
working. What are its meri o
5) What is a semiconductor detector? Explain its working

6) Write short notes on i) Cloud chamber i) Bubble C—*’Ia:_“?“'\;;‘ ‘\\f ™\ Cham

7) Discuss the basic assumptions of liquid drop leode S \rft\.\- US Explanm
the model is used to estimate the semr-e_mpln‘fa' '“3&‘ ‘ ‘?“tﬁ*\i‘

8) Derive the Coulomb energy term of seml-empmca_l iﬂ&b‘a Ttmm“a.

9) Discuss the shell model of the nucleus. What are its ments and demerng

10) List the experimental evidences for shell mogel‘

11) What are the basic differences between liquid drop mode! and sheil masy
the nucleus? What is the evidence of shell structure in the nuclel® Explan
the main assumptions of the shell model of the nucleus. Discuss ity
achievements, failures and limitations.

12) What are magic numbers? How does the shell model explain the extene ¥
magic numbers and other nuclear properties?

13) Describe Fermi-Gas model and obtain the expression for Fermi energy &
proton.

14) Write note on Si (Li) and Ge (Li) detectors.

15) Discuss the collective model of nucleus.

N
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