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Introduction

i) In 1895, Jean Perin proved that electrons ( known as cathode rays that time ) are
negatively charged.

ii ) Shortly thereafter, J. J. Thomson determined charge (e) to mass (m) ratio of ¢ ectrons to

be of the order of 1011. This meant that m /e of electron is of the order of 10 " and
that the mass of electron is very small.

iii ) In 1909, Millikan measured the magnitude of the charge of an electron.

iv) Studies on X-rays, discovered in 1895, resulted in the discovery of radi activity.

v ) Rutherford’s experiments on radioactivity proved emission of M-particles besides electrons
in radioactive radiations. Thus one more particle was discovered

vi) In the 19th century, scientists were trying to measure wavelengths of radiations emitted by
different gases filled in discharge tubes using the diffraction grating discovered by Henry
Rowland. These wavelengths were found to be discrete and dependent on the type of gas
filled in the discharge tube.

vii ) Same time Max Planck presented the photon theory and showed that the black body
radiation is discrete. Einstein explained photoelectric effect using photon theory of light
for which he received the Nobel prize.
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The magnitude of positi ¢ charge was taken equal to the total negative charge of

electrons to explaii elec rical neutrality of atom. But, the electrons embedded in the
uniform distribution of positive charges should experience a force towards the centre of
the atom directly p opo tional to the distance from the centre. Hence, they should perform
either SHM or uniform circular motion. As both these motions are accelerated, electrons
should emit continuous radiation according to the electromagnetic theory of Maxwell. This
made it diif cult to understand the emission of discrete wavelengths from atoms. Also
such a model of atom cannot form a stable structure. To overcome these problems,
Thomson assumed the charges to remain stationary unless disturbed from outside and
thought about different arrangement of electrons in different atoms. He also estimated the

size of atoms to be of the order of 10"% cm from the wavelengths of radiations emitted.

Despite all these efforts, he could not explain why the radiation consisted of discrete
ravelengths.

i

In 1906, Rutherford observed that o-particles passing through a slit provided in the
chamber and incident on a photographic plate do not give sharp image of the slit. But
on evacuating the chamber, the image became sharp. From this, he concluded that the

o-particles must be scattered by the air particles in the chamber.

13.1 Geiger-Marsden’s experiment and Rutherford’s model of atom

The schematic diagram of Geiger-Marsden’s experimental arrangement is shown in the figure
on the next page.
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S is 33Bi214 source emitting O-particles
of energy 5.5 MeV placed inside a thick

block of lead. «-particles coming out of
the slit in the block were scattered when
incident on a thin foil (F) of gold of

thickness 2.1 x 10"’ m. Scintillations were
observed on a screen E of zinc sulphide
mounted on a microscope M. The whole
arrangement was enclosed in a cylinder
having thick walls. The cylinder was
mounted on a thick disc which could be
rotated by the arrangement shown by T.
Source S and foil F were kept steady on
the base but could be rotated around
microscope M. Whenever any charged
particle strikes at any point on ZnS, a
bright spot is formed at that point. By
counting such spots, the number of

o~particles striking in given time interval
can be decided.

The graph shows the number of

o-particles scattered at different angles
in a given time interval. The number

o-particles scattered is about 10° at 15
and about ‘80 at 150o i dicate
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Rutherford’s calculations:

Rutherford suggested that o-particles
can undergo only one scattering while
passing through he foil as it is very
thin. An atom of Gold remains almost
stationary during the collision as it is
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about 50 { mes heavier than an «-particle. Newton’s laws can be used to find the trajectory

of m-particl s. Rutherford reasoned that the scattering of «-particles at large angles indicate
tha tota positive charge and total mass of the atom must be concentrated in a very small

entral region of the atom which he called nucleus.

The repulsive force on O=-particle when incident on gold foil due to the nucleus of gold is

1
F = (2e)(Ze), where 2e
47'C€0 r2

Ze

charge of O-particle,

(e

charge in gold nucleus (Z

electronic charge)

79 for gold)

Obviously, this trajectory depends on the initial perpendicular distance of its velocity vector

from the nucleus. The minimum perpendicular distance

approach or impact parameter.

is called the distance of closest



13 - ATOMS Page 3

For different impact parameters, the trajectories can be calculated. Such trajectories are
shown in the following figure.

It can be seen from the
figure that larger the value of ’

the impact parameter, b, f s

A ! ’
smaller is the angle of ; R
scattering. o ' Le o

EEEE —mmmmmmmmmmmmmmma-as == Ry
For curve 1, the impact f .
parameter is zero and hence P
the collision is head on. So y _-E,. _____________ -
the scattering is very large. -
Calculations in such a case b o
. 9 - (s ]

show that the o-particle can o j 3
go nearest to the nucleus at L iy @ *E"" TThTTTTTTT

a distance 10 ° 15 m. Hence
Rutherford concluded that the radius of the nucleus must also be of the order of 10'15 m.
This is much smaller as compared to the diameie of the atom which is nearly 10'10 m.

Rutherford also derived the equation of nhumber f mi-pa ticles scattered at different angles.
The graph drawn using this equation matched ery well with the experimental results of
Geiger-Marsden as shown on the previous bag

Rutherford’s Atomic Model:

Rutherford Proposed that
&harge‘-; of ‘an “atom r reside
rggoh i" }ité_ﬁ:jdfntreg he li
mass is concentrated. The nega
electrons move around ths mall central

region, called the nucleus iIn circular orbits.

According to classical mechanics, An electron
can revolve around the nucleus in any radius +
depending on its energy. But such a circular
motion being accelerated, radiates energy in
the form of electromagnetic radiation. As it
loses en rgy, its orbit radius keeps on
deceas ng resulting in its motion being spiral
as shown in the figure and terminating in the
nucleus. In this case, the atom cannot remain
stabe. Thus model failed to explain the
stabil ty of the atom.

13.2 Atomic Spectra

On passing an electrical discharge through a tube containing some atomic gas at a low
pressure, atoms of the gas get excited and emit radiations consisting of some definite
wavelengths characteristic of the nature of the element. The spectrum of such radiations can
be obtained and the corresponding wavelengths can be measured with the help of the
arrangement shown in the figure on the next page.

It was established that specific groups of the lines of the spectrum can be formed according
to their frequencies or wavelengths. In any such group, the wavelengths of the spectral lines

memee Lm memlomislmdtemsd i o= v oessos oo e Lnvieas sl =
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= R [ LI 2] where R is the Rydberg’s constant whose value is 1.097 x10" m
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The spectral lines in a group form a sp ctral series. The atomic spectra of gases consist of
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The lines of the Balmer series of the |
hydrogen spectrum with the wavelengths
corresponding te each line along with their
names are shown in the figure. The H Hg Hy Hg Ho
wavelengths f the liies in this series are o
given by the iorin a spectral lines of Balmer series
% = R L 12 - %J where n = 3,4,5, ... { values are only for information )
2% n

Th wavelength corresponding to He line is obtained by taking n = 3, Hp line by taking n = 4
nd so on. Four other series in the hydrogen spectra in the infrared and the ultraviolet
egl s of the electromagnetic spectrum are as under.

1 = R L - 1 where n > m, n=m+1, m+2, m+3, .... Etc.
A m2 a2
n
with m = 1 gives Lyman series inthe ultraviolet region,
m = 3 gives Paschen ” )
m =4 7 Brackett ? ) all in the infrared region.
m=5 " Pfund ? )
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13.3 _Enerqy quantization

The equations of spectral series indicate that there is something discrete in atoms. To
understand it, consider the following example.

Suppose an electron is in a one dimensional
impenetrable box of length L as shown in the
figure. The electron may be anywhere between

x =0tox=L.

For electron behaving like a wave, it is difficult to find its exact locati n. The square of the
absolute value of the wave function representing the electron represciils { e robability of the
presence of electron in unit length at that point. So the probability of he electron to be at
the walls is zero as it is impenetrable. These are the boundary condit ons of the electron-
wave equation. One such possible wave is shown in the figure,

If A is the wavelength, A/2 = L,
YA =2l e e e (1)

But according to de Broglie’s hypothesis,
A=h/p ... ... ... (2)

where, h = Planck’s constant and p = th momentum of electron.

From equations (1) and (2), h/p = 2L R p = h/

The state of electron represerited by the wave as above is called its quantum state one.
Here, the probability of eiectron to be present at the middle of the box is maximum.

Now consider an elec on wave of n loops as
shown in the adjoining figure. In this case
wavelength of the electron is

n\A
n L S An = 2L
2 n
.L=& O pn=n_h, n=1’2’3,
Pn n 2L
p 2 rl2 h2
& in general, energy of the electron, E, = n =
2m 8mL?

The above equations show that the electron can possess only discrete values of linear

momentum such as, pq = L, p2 = ﬂ,

2L 2L
momentum of electron. Also, as the electron can be anywhere between x = 0 to x = L,
uncertainty in its position is Ax = L. If its momentum, p, is considered as uncertainty,

Ap, in its momentum, then Ap ~ p, = %

This is known as quantization of the
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(L)(nh) _ mh

S (Ax)(Ap) = oL 2

( This equation is similar to Heisenberg’s uncertainty principle.)

Similarly, energy is also quantized as

2 2 2
h - E, = 4h E; = 9h
8mL

E1 —7 —’
8mL? gmL?

This means that the electrons can possess only these values of energy.

Now consider an electron moving on a circular
orbit of radius, r, in a plane. Here also the electron
acts as a wave moving in its orbit. If there are n
waves on its circumference, ( Refer to the figure) ‘\L

21tr=n?»=n—h ( '.'Dk:h)
P P

angular momentum of the electron,

nh

21

Thus, angular momentum of the electron is aiso
quantized. This fact was presented hy Bohr in his

Il = pr =

hypothesis.

T 28 s98% 2@ & % @ e

13.4 Bohr Model /) 5/ § —
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In 1913, Neils Bohr gave th ollowing two hypotheses to explain the structure of an atom, its

stability and its spectra

Hypothesis 1:

Of all the orbits permitted by the classical physics, an electron can revolve around the
nucleus only n th se orbits in which its orbital angular momentum is an integer multiple of
h

T The eie tron can move steadily in such orbits and hence they are called stationary
T

orbits. The electron in a stable orbit does not radiate energy.
Her , h is Planck’s constant and its value is 6.625x 10 >* Js.

Hypothesis 2:

When an electron makes a transition from a stable energy orbit with energy E; to another
stable orbit with a lower energy Eg, it radiates E; - Ex amount of energy in the form of
electromagnetic radiation of frequency f such that E; - Ekx = hf. Similarly, when an
electron absorbs a quantum of frequency f, it makes a transition which is reverse of the
above mentioned transition.

Suppose an electron having mass m and charge e revolves around a nucleus having
charge Ze in a circular orbit of radius r with a linear speed v as shown in the figure on
the next page.
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The centripetal force for the circular motion of the electron
is provided by the Coulomb force of attraction between the
negatively charged electron and the positively charged
nucleus.
2 2
Centripetal force = mv_ - 1 Ze - (1)
r 4T 80 r2

where, €9 = permittivity of free space

Using the first hypothesis of Bohr, the angular momentum
of the electron in an orbit is

2 2
nh n“h

mvr = —— com2vie? = 2 e e oo (2)
2T 4T

where, n =1, 2, 3, ... is the principal quantum number.

Eliminating v2 from equations (1) and (2),
2,2
n“ h 80
TZe?m

Now the total energy of the electron in this ¢ bit is
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Substituting the value of r from equation (3) in the above equation,

2 4
. 1 762 TZe?m _ Z"e' m
= SsETe = =
8TE, n2h?g, 8e 2 n? h?
For hydrogen, Z = 1,
4 -19
Boo= -—me 1 . AW ", . BSy .4
8€,2h? n? n n

Using this equation, the energy of an electron in different orbits can be calculated for the
successive integral values of the principal quantum number n for a hydrogen atom. The
negative sign is due to the fact that the energy of the stationary electron is taken as zero
when blaced at an infinite distance from the positivelv charaed nucleus (i.e.. a free electron).
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This means that if positive energy E, is given to an electron in an orbit with quantum

number n, it will become free. In this sense, E, gives the binding energy of an electron in
nth orbit for a hydrogen atom.

The adjoining figure shows the energy level diagram free electron energy
for hydrogen atom for electrons in different orbits. 0 ey
Electron in an orbit with n=1 has a minimum energy
and is said to be in its ground state. The successive
energy states with values of n =2, 3, 4, etc. are called T
the first excited state, the second excited state, etc. ®
respectively. % nsé L =054 eV
¥ n=d — =085 eV
If an electron makes a transition from higher energy T =3 | _4.51 ev
state, E; (i.e., from n = n;) to lower energy state Ey, E
then according to the second hypothesis of Bohr, i qa=2 L .34 eV
Ei - Ex = hfi
where fjk is the frequency of the radiation emitted
when the electron makes this transition. Putting the
values of Ej and Ek using equation (4) above in ths
equation,
E
4 k-
me
E| = Ek = 2 2 =
8€y%h 5 .
o n=1 =-13.6 e¥v
, =)
T 28% 28 e £ /™ & (values are only for information )
L V] i_% A ¥ E-EE-EEk 11 : | I i
YWV VWL o VU F VWA TV
A4 A4
But wavelength, Ak = fi, where c¢ = velocity of light
ik
1 met 1 1
Nik amgZ h3 2 n2

This equaton is similar to the experimental
R 1
resuit — = R iz -
~ m2 2

T e wavelengths of spectral lines of the
spectral series can be calculated by taking
different values of nk and nj. Also the
me?
value of the term ———— matched very
8€,2ch’
0 n=5 N
well with the experimentally obtained value Pfund Sﬂr'é/
of Rydberg’s constant R.

n=4 < Bracket series

. . o 0 2 4 6 8=z
The figure on the right shows transitions of I TR I

electrons between different levels of energy.
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13.5 Limitations of the Bohr model

(1) On observing hydrogen spectra using a high resolution spectrometer, some more lines
are seen which cannot be explained on the basis of the Bohr model.

(2 ) Relative intensities of the spectral lines observed in the actual spectra annot be
explained by the Bohr model.

(3) Orbits of electron need not be circular as assumed in the Bohr model.

(4) The calculations of energies in these orbits involve an odd combinat on of classical
mechanics and the quantum principles.

Despite all these limitations, Bohr’s attempt in applying the principles of quantum mechanics,

which were restricted only to the radiation at that time, to the motion of a particle like
electron was commendable.

13.6 Emission and Absorption Spectra

In the discharge tube experiments, when the e c¢ctron of the gas are excited to higher
energy states, they return to their lower energy sta es of minimum possible energy in about

10'8 s and emit radiation according to the equaton E; - Exk = hfjk. The spectrum thus
obtained is called emission spectrum. Fer example, Na atoms experience transitions to two

excited states from its normal state 3s and come back to original normal state emitting two
(yellow) lines of wavelengths 589.0 nm and 5&35.6 nm.

Now suppose a radiation of conti isﬁn.c‘igen} o?lgan atomic gas filled in a

Yp bt Bip) Tng ruk%:) nftor aradeustk;@iéﬁ,
b t another
%{gr lﬁﬂiﬁﬁu‘ﬂ' o e:ErgY than ‘ne%ea' Thus out of the

continuous radlatlon mmdem, th radiations of only suitable wavelengths are absorbed and
dark lines appear in thie spectrum corresponding to these wavelengths. Such a spectrum is
called an absorption pectrum

The radiation emitted by the lower layer of photosphere, which is at a higher temperature, is
continuous when his adiation passes through the outer layer of photosphere which is at a
lower temperature Radiation of some wavelengths are absorbed and hence dark lines
corresponding to these wavelengths called Fraunhoffer lines are observed.

[ Photosphe e is the visible surface of the Sun which is its about 100 km thick outer layer. ]

13.7 Many Electron Atoms Study notes of this topic are omitted here as it is not
included in the syllabus for the purpose of examination.

13.8 X-rays

Rontgen discovered X-rays in 1895. The wavelengths of X-rays range from .001 to 1 nm.
Coolidge designed a special tube for emission of X-rays, the figure of which is shown on the
next page.

Here C is the cathode. When current is passed through the filament it gets heated and heats
the cathode which emits electrons. These electrons are accelerated under a p.d. of 20 to 40
kV and reach the anode. As a result, X-rays are emitted from the surface of the anode.

Normally, the anode is made from a transition element (e.g., Mo).
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X-ray spectrum:

The figure shows the graph of
wavelengths of X-rays emitted
from the Mo target by 3 KeV
electrons against the relative
intensity. Such a graph is called
the X-ray spectrum corresponding
to the given element and energy
of electrons.

coptinuous
K

{:min splectrum /\

(1) The graph, starting from
some minimum wavelength

(A min) is continuous. \J/f

relative intensity

.
g.z,_) §T£e rgl@twe}mteé\suy% very 30 40 50 &0 70 a0 90
ggg're =f‘r! S“&]- ni

/" wavelength. g",‘:'%—‘" wavelength of X-ray

(3) A min is a definite wavelength.

The continuous curve n t e graph is called continuous spectrum. The peaks obtained for
certain wavelengths indic te line spectrum. This is the characteristic curve of given element.

Explanation o JX-ray Spectrum:

Highly en rgetic electrons collide with atoms of the anode and lose some energy during each
collisio Thus they keep losing energy during multiple collisions and emit X-rays of different
frequencies which form a continuous spectrum of continuous frequencies ( wavelengths ).

When any electron makes head on collision with an atom of the anode, its total kinetic
energy gets completely converted into X-rays of maximum frequency ( minimum wavelength ).

1 2 c hc
—m(v = eV = hf = h o Mg Bo—=—
2 ( max) 7\«m|n min ev
where, h = Planck’s constant = 6.62><10'?’4 Js,
c = velocity of light = 3.0 %108 ms™’
e = charge of electron = 1.6 x 10°1° C, V = potential difference (V)
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Explanation of characteristic X-ray spectrum

Some incident electrons penetrate deep inside the atom

and knock off the inner orbit electrons. The electrons from e— T - E=3

outer shells undergo transition and fill up these vacancies LT /‘ e

emitting radiations of definite frequencies. The radiation is "

called K, X-rays when an electron undergoes transition "{H..g

from n=2 (L shell) to n=1 (K shell) and is called Kg if R

the transition of electron is from n=3 to n=1. Thus many L ‘Hﬂx’“

lines of X-ray spectrum are obtained and the spectrum so (P { “Dh

formed is called characteristic spectrum. ; . 1{““ N =2
. N 5

Such spectra depend on the type of element of the anode ; ® ; ge

(target ) as energies of electrons in K, L, M ... shells in e K N

the atoms of different types are also different. Hence, the ‘tl n=1 ’df

wavelengths of K, Kp, Ly, ... radiations are also "uﬁ .

different for different elements. That is why such curves
are called characteristic spectrum of the given element

Now from Bohr’s atomic model,
2 4

Energy, En = - mZ—e .

8€,2 h? n?

In a multi-electron atom, an- electron
other electrons screeplng.t cha ge of t

e ucieus. W SN0
: '_ : Fn(i-'1)25" 136 (Z - 1)
En — -

8€,2 h? n? n

To calculate the frequency of K, radiation of a target of atomic number Z,

Ep -Eq = hf = 13.6(Z-1)2 [i- 12} x 1.6 x 10

12 2

-19

Py (1 ev=16x10

J)

m

7 1
13.6 x 1.6 x10"19x 3 | 5
6.62 x 10 "34 x 4

cz - ¢ where, C = 4.965 x 10’ unit

= Jr

This equation represents a line, i.e., the graph of ﬁ versus Z is a straight line.

In 1913, Moseley used a specially designed X-ray tube with a series of targets to obtain their
characteristic spectra. The ﬁ versus Z graph (next page) shows K lines of 21 different
elements.

The following points emphasize the scientific importance of Moseley’s work.



(1)

(2)

13 - ATOMS

During Moseley’s time, different
elements were arranged in the
periodic table based on their
atomic masses. This seemed
inappropriate with respect to
their chemical properties,.
Moseley suggested arranging
elements according to their
atomic numbers which was
found to be proper with
respect to the chemical
properties of the elements.

At that time, some places in
the periodic table were
missing. Atomic numbers Z of
such missing elements could
be decided from Moseley’s
work and such missing
positions could be filled with
appropriate elements. The

1

Hz2)

J7 o’

Page 12
2.5 Pd
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£n
1.3 FENi Cu
Co
TicHe® pin
10 K_~|Ca
Si cl
0.5 L
0 10 20 30 40 a0

Atomic number

{(‘only for information )

chemical properties of Lanthanides ( or rare ear h elements ) were found to be very
similar. Moseley’s work was useful in deciding their positions with certainty.

Positions of elements coming after u anium could be fixed in the periodic table after
obtaining their atomic spectra.

13.9 LASER

LASER means “Light Amplification by Stimulated Emission of Radiation” which represents the
process occurring in the Laser device. A schematic diagram of He-Ne gas LASER is shown
below.

Construct on:

In a

He Ne gas LASER, about

1 m long glass discharge tube is
used. The tube is filled with He
at  partial pressure of

1 mm of Hg and Ne at a partial
pressure of 0.1 mm of Hg. At
both ends of the tube, two
polished silver coated plates are
fixed parallel to each other such
that no gas leakage occurs. A
high p.d. of high frequency is
applied with the help of three
metal strips provided on the tube
lying outside it. Tesla coils can
be used for this purpose.

discharge tube

silver coated plate

metal strip

i

4

i i

HF

L

He-Ne gas LASER



13 - ATOMS Page 13

Working:
2p3as

The ground state and stimulated emission
two excited states of
He are shown in the 1s 2s 6328 A
figure. In the normal z ;

state, the number of 2pds
atoms in the ground
state, No, having
energy, Ep, will be
much more than the

number of atoms, Ny,

2p53p

spontaneous

having energy, Ex, in 2053 emission
the excited state. P
Ny = Ng e!Ex - Eo)/KT
where, k = Boltzmann
constant
and T = temperature Ground state and ftwo Ground sate and some
excited states.of He excited states of He

When one electron of
Ne from its 2p6 orbit { values are only for information )

goes to 3s, 3p, 4s or
5s, the number of excited states obtfained are 4, 10, 4 and 4 respectively as shown in the
goes to 2s and acquires ol

figure. ri i,
Vs a2 N B al V.7V
e 1o ecron ol it - atoms, ond sécor af o
st of the two it tes: Thus, He atoms are.in two excited

states as shown in the figu These two states are meta stable states of He where electrons
can stay for a long time The process of exciting electrons from the ground state to the meta
stable state is called optical pumping.

\WALAVY ALY A &2
- - B
NufivolAsFmpy In e t

From an ordinary exciied state, the electrons return to their states of minimum energy in

about 10'8 s and emit radiations. Such transitions are called spontaneous transitions and

radiations are caled spontaneous emission. These are shown in the figure. When the excited
He atoms collide with Ne atoms, they knock out Ne atoms from their ground state to the

uppermost states 2p5 5s and 2p5 4s. The remaining energy appears in the form of kinetic
energy of atoms. After the collision, He atoms return to the ground state whereas the
popul tion of Ne atoms in aforesaid states goes on increasing. This phenomenon is called
vopulation inversion.

in this situation, if photons of appropriate frequency are incident on the excited Ne atoms,
two photons of frequency same as that of the incident photon are emitted. This phenomenon
is called stimulated emission. Initially, the stimulated emission of radiation occurs due to the

transition from 2p5 5s and 2p5 4s to 2p5 3p and then from 2p5 3p to 2p5 3s. The wavelengths
emitted are shown in the figure.

If two photons obtained from one photon are confined to the system by reflectors instead of
letting them escape, they will induce emission of even more number of photons increasing
their number considerably. These photons can then be taken out of the system suitable to
obtain a very narrow, highly parallel and intense beam of light called LASER beam. The
waves become parallel and are in phase due to multiple reflections. The one foot diameter of
the LASER beam on Earth becomes no more than a mile on reaching the moon.
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Properties of LASER light:

(1) Highly monochromatic. (2) Highly coherent.
(3) Highly parallel. (4) Can be focused sharply.

Uses of LASER light:

(1) Used to bore holes (2) Used in long distance surveying.

(3) Small lasers ( =) used in optical fibres.
(4) Large lasers used in nuclear fusion.
(5) Used in the medical field for retina detachment surgery, blood vessel cu, etc.

MASER

MASER means “Microwave Amplification by Stimulated Emi sion of Radiation”. In such
devices, microwaves are amplified. MASER using NH3 molecules i described here.

The molecules of ammonia are of two types: (i) N atom above the plane formed by the
three hydrogen atoms and (ii) N atom below the p ane forined by the three hydrogen atoms.
This phenomenon is known as the inversion of the ammonia molecule.

Each oscillatory and rotatory layers of the ammonia molecule divide into two types of layers.
Because of these layers, a characteristic behaviour of the molecules is observed in an
electric field.

When a beam of molecule 0 ove mentlonad types is passed through a special
g‘/ppi'gf =el_egtr|p‘ © down. p ’\gg;jm out of the a 1.1’:5
T?e}:t&ﬁ :pﬁg gi? second t ‘ ¥ ent vg’y eir two [aye tyﬁgd;
with' their ' co ‘ , res raylaurb‘i; d i'd



