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Instructions

Each problem is worth 10 points. Part I has 8 problems (numbers 1 through 8).
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Problem 1

In this problem, you are asked to give numerical answers. If there are quantities whose
values you don’t know, leave the answers as formulae, clearly déﬁning any unknown con-

stants. . -
/ (a) Estimate the speed of a neutron in an atomic nucleus. Make clear your assumptions.

2 (b) A closed container at room temperature holds liquid water in equilibrium with its
vapor (saturated vapor pressure ~ 0.026 atm; 1 atm ~ 108 dyn/cmz). Make a crude
estimate (i.e., to within a factor of 3) of the time necessary for the number of molecules
in a monolayer of liquid at the surface to exchange with an equal number of molecules in
the vapor. You may assume that every incident water molecule from the vapor sticks to

the liquid surface.
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Problem 2

A pendulum of length & and mass m is suspended from a block of mass M. The block moves

without friction and is constrained to move in the horizontal direction only (ie., along the x axis).
You may assume all motion is confined to the xy plane. At t =0, both masses are at rest, the
horizontal coordinate of the block is xg, and the pendulum has angular deflection 8 = 5 with

respect to the y axis as shown. Assuming 8y << 1, calculate the subsequent motion of the block
and pendulum.

M
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Five easy pieces. Each answer must be supported by brief reasoning.

(a) A positron is an elementary particle just like an electron but with positive charge.
Positronium is a neutral bound state consisting of one positron and one electron. By
analogy with the hydrogen atom, find the ground state binding energy of positronium.

Give your answer in electron Volts.

(b) Consider a particle in the presence of a spherically symmetric potential, V(r). One
of the eigenstates of energy E corresponds to the eigenfunction z@(r). Are the states (i)

zé(r) and (ii) ré(r) necessarily eigenstates with the same energy E?

(c) Tunneling currents are measured under identical conditions in three tunnel diodes
which have barriers of varying thickness d but are otherwise made of identical materials.
The table below gives the tunnel currents in two of the samples. Find the tunnel current

in sample C:

Sample ﬂl Current (pA)
A 10 10
B 20 1
C 30 ?

(d) A one-dimensional square well has one and only one bound state. If an impenetrable
barrier is introduced to block off half the well, how many bound states are there in the

new well?

(e) In the figure shown below, Vj(z) is a quadratic potential and Va(z) a series-of steps.
Which has a lower ground state energy? Why?
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Problem 5

Two neutral particles each have spin § = % They interact through a Hamiltonian of the
form ;= —JS) - S3, where S| and S; are the vector spin operators for the two particles

and His a positive constant.

-

(a) Find the energy levels and eigenfunctions of the system, assuming the particles to be
distinguishable.

(b) A static external magnetic field B is now introduced. Assuming the particles have the
same gyromagnetic ratio, find the energy levels of the system in the presence of the field,

again assuming the particles to be distinguishable.

(c) Now suppose that the two particles are identical. Find the ground state energy and

wave function for the system in the absence of a magnetic field.
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Problem 6

A long rectangular bar at temperature T' exerts a tension T(E,T) when extended by a

distance £ beyond its natural length.

(a) What is the thermodynamic relation between dS, T, dE, 7(¢,T), and d¢, where S is
the entropy and E the internal energy of the bar?

(b) What is the relationship between (85/0¢)r and (87/0T); for a quasistatic process?
(c) Let 7(¢,T) = b¢(1 — 4T), where b and 7 are positive constants. What is the change

in internal energy of the bar when it is siretched from ¢ = 0 to ¢ = £ at constant

temperature?

(d) What are the sign and magnitude of the heat, Q, required to maintain the bar at

constant temperature for the process described in (c)?
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Problem 7

A hydrogen atom is embedded in a solid host which acts as a reservoir of energy and of
electrons. The host is characterized by a temperature T and electron chemical potential p.
Assume only the lowest (1s) hydrogen orbital can be occupied (i.e., the average occupancy
of the excited hydrogen levels is negligible for .this problem). Denote the energy of the 1s

state by £. Two electrons in this orbital experience a Coulomb repulsion of energy U.

(a) List all the possible states of the hydrogen atom together with their corresponding

energy levels. You may ignore the spin of the proton.

(b) Find the average number of electrons bound to the atom. For what relation between

€, p#, U, and T is the average number 17

(c) Since electrons have a magnetic moment, a magnetic field H will induce a magneti-
zation M (T, H) for the atom. Find the magnetic susceptibility x(T) = (6M/0H )y ~y.

Does increasing the Coulomb repulsion, U, increase or decrease the susceptibility?

\
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PART II
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Instructions

Each problem is worth 10 points. Part II has 7 problems (numbers 9 through 15).

~.
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Problert/1 9

A Paul trap is used to confine charged particles. The trap is cylindrically symmetric,
so it is convenient to describe its geometry in a cylindrical coordinate system (p, 6, z),
where p is the radial distance and 8 the azimuthal angle. Typically, the trap electrodes
are hyperbolae of revolution (see figure belo{v). The two end elecirodes are defined by

the equation 22 — %pz = d?, and the center (ring) electrode is defined by the equation
2
# Vi) =V, sinfwt)

)

Axrs o £ —a 2
Culindriced

5Y mm&f‘fj

-4t~ -4

d
J
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(a) Suppose that the end electrodes are grounded and that the potential on the center
electrode is given by V(t) = Vjsin(wt), where w < ¢/d (c is the speed of light). Determine
the electric field inside the trap. Hint: V2(22 — ip%) = 0.

.
!(9 Under the condition that w? > eVy/md?, separate the motion of the electron into slow
gpd fast components. Calculate the characteristic {frequencies for the slow components of

both the axial and radial motion.
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@roblem 1 .

e

\Consider ‘a-uniformly charged disc of radius R with two-dimensional charge density o.
The disc is embedded inside a semi-infinite dielectric medium with dielectric constant ¢,
as shown below. The disc lies along the plane z = —§, parallel to the vacuum-dielectric

interface at z = 0.

vatuum | €= A
$z

7777]] Li/ ol ded T4
/‘*‘7‘77 T ///

(a) Find an expression for the electric potentxal ®(r) everywhere in space.

<(\b\2 Find an expression for the total force on the dielectric. What is the direction of this

force?

/ AV
A\
b



UCSD Physics Department Written Exam

N\
@ Fall 1992 — Part II
Identification Number: 5 6

An electron in a Coulomb potential is in the state |[n=2,l=1,j = 2) (You may not
neglect spin-orbit coupling.) A time-dependent potential,

H(t)=0 ‘ (t<0)
=aS-re " (t>0)
with v > 0, is now added. In this problem, you may work to lowest order in perturbation
theory, and you may leave your answers in terms of radial integrals. Denote the initial and
final radial wave functions by R;(r) and R¢(r), respectively, and the energy difference as
AE = E; — E;. Useful information:

YOO—H o 10"‘”—-—c059 Yl:tl_:F\/: smaeiw

(a) Find the probability of finding this system in its ground state after a long time.

(b) Repeat part (a), assuming the initial state had j = %
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Probh

ConSiderth’é’d/o/uble slit geometry depicted below. Quantum mechanical particles of charge
e originate from a source at S and are detected at point D. An infinitely long impenetrable
cylindrical solenoid is positioned as shown. The magnetic field B in the solenmd is oriented
parallel to its axis, normal to the f the figure. Show that the probablhty of detecting
a particle at D oscillates g;mo:d'mﬂ-y ith the field strength B. What is the period in B,

expressed in terms of physical constants and the cross-sectional area of the solenoid?
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Problem 13

Consider an ideal gas of classical monatomic particles in the presence of a surface. The
surface consists of N adsorption sites, each of which can accomodate at most one atom.
The adsorbed atoms are bound to the sites with energy —W, where W > 0. The gas is
at density n and temperature T and is in equilibrium with the surface. What fraction of

adsorption sites is occupied?

e
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Pictured above are two phase diagrams. One is for ‘He and the other for He. Note the

difference in scale of the temperature axes. In parts (a) and (b), you are expected to
produce crude qualitative arguments based on sound physical reasoning. Hint: It may be
useful to read this problem through before attempting to answer. For example, some of
the options listed in (b) may help you in answering (a).
(a) Which is the phase diagram for 4He? For this diagram, match the phase labels A
through E with the following: gas, normal fluid, superfluid, solid, solid. (There are two
solid phases which differ in crystal structure. In fact, thére is even anothe: solid phase not
shown in the diagram.) Give a rough justification for your phase identifications.

(b) Which is the phase diagram for 3He? For this diagram, match the phase labels A
through E with the following: antiferromagnetic solid, paramagnetic solid, normal fluid,
superfluid, superfluid. (There are two superfluid phases which differ in the nature of their

order parameters.) Give a rough justification for your phase identifications.

(c) Chemically, these two helium isotopes are virtually identical. Both are neutral atoms
with a filled electronic 1s shell. Why do they behave so differently at low temperature?
Why does one have magnetic phases while the other does not?

(d) What is the (approximate) formula for the Bose condensation temperature T of a gas
of ideal bosons of mass m at fixed number density n? Estimate T for liquid ‘He, assuming
a mass density of 0.14 g/cm3,
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Problem 15

Let f(z) be analytic in the upper half plane, with f(z) = 0 as |z| — o0. We can write
f(z) = U(z,y) +iV(z,y) where U and V are real and z = z + iy. If U(z,0) = 1_+1|_ﬂ’ find
V(1,0). ) )



?(O\o\{’/ﬁ\ !\_

+#+ 59

(0) W covn wnl wuucoel \Q,\NTJ\)Q \Pcfrv\uqﬁ\i‘-

/

A~ &F = 10—“,\”\,

= AP~y et A S e
= X ,
f"'—.Tr‘T"\"
T spesdh rown b e ot SN LAN ’A};P_N 10 m'\\M,
P MR
el
b> ’ﬂ,\k W&o.or., \)Jl&o L:tk% :
| 29 o, ' I/
,irmﬂor)-%xu = (- 3._‘5) 3
.o

We  eoun, Co *"'\2' uj\‘l. V\M OARCO0p. A oL ;uwogd quk
—M U AL O ol  Ou (/Uukt [EX\ N o(r\/(\}\) qu(“i,rbk

e ot Thomar (40 , ,
v G

L= Ay (Jm —> R %

P 9 f /
J— e monfeoll colids
(QN) = -,LL_. ¥ &U\A cvk-;cll-s l‘Ml'h*
dt (?)fT‘I’\KT) z Q\,’{(O(Q-' A? . N Y



Peoblown 2
4 59
ﬁ/\k l?-«'/uql. t'c. wm )

—

T ME, @ (Kr 2058 w0 . (487) _
2

1 (mﬁ,u Fald

V= —‘m%& @o_g@ /

-2 ¢
X~ o+ om X
Z

(R
~vIZ

2 o o Z-Z_
L om %8B ram L0 Hvr\oangg
z

d/h‘ &lbo\of)leu S,norw» "YJN J\_O‘AAA\lA‘\a{\'L)rm \(703-,“?'0\5

e weey sunalll (% and © worl b ©(8)) . S0, wpTo B(%)

B=0 vl

.2 o 2 -2 2
M EEr wox wlxQ +ml _ 6
T e e 'WY({

= O

J

jl% ( M)E + M\‘/"\ +/~N\Qé\
A AN, v (l‘ -
d’%('-ox +NY\Q.6) '-—I’YV\%Q

/
(Mtan)x + kB = O ( coorm riifiad coudTthan)

"/(04— 1.9.7-

T

—.%6 /



Gt-gm) e 55
TUEIEE e emy

!@({—): 6, cws(et) e
o x = —é—ﬂ L 9 x(0)=%  %l0)= 0
i)

C4) - Ko = GQ >L [ 6, wo(2t) - (90]

A1

X(H)= x_ 4 (Mrm >i€o [ 1- ws@/
) 4

L)




Yty
Peoblem 3
4+ 59
a,> MQQ{LLQ,{[U&(\ NM-Q\-;'L{\‘(_ \cf_}g('(ec’fg (<. 1 8-(’%))
MW o Sudac \(»QJGL JE‘: Ex% l'mm

C

Dai&c\wuk_ ((mw e L:L_)\/\A‘Cl/\_ Tku\ c,\(o\'\;.c& ry o}\Nnj\

[T}\,{S s '(—o L Lulee, _'Mkc)—& Hk,\ J—‘}N‘M\l\lc WLL e

!
boPa %-("C\),v‘-l,ﬂ, \p.Q\_ ﬂﬂ,\_). M)

- 9 s
a gx'&: CQE)
——
-Y) Y 2
)E: '_\_)_'XPD \/
S
7] %
T S
N - £ = E?)z’é
'°x

A Lonucste( $P\/\;_)QQ_ N ges c,our.'ta,u\l —QQJ\&VCC, %M_Jd“

/ V= ¢ (wmducoc!)
o 3]
S @ \ E Poz ¥Bvws® + A b
c '
d - <_VP>Q . A)wse ¥ coudinmoun
c 7

- C(/ =0 =p LA: v B R:D) (£ s sl eatin
= Q

COVJ,J AMWA)




b)

LS

o we house ous "M&/\(—Qé‘ #— 59
dipds v
> 3 A
P = NLE‘ k-2 i pole P'UM
w/ )
El= wBg o« 365 -F > R)
- {.3
= O ¢R)
[GUSTIENY ) = P
R - (Y
VSU3 OU'CU“‘ oL, AA'GO%' %-Q(-Uv VA '(-L\A UN\\L(\‘m\ug_
‘{Vw
= / 2 A ANn N
£ = (A}BQ) 2508 5 (r>e)
< V«S_M‘ .
v .
CNVN . B oousw %“J‘&
‘é tm )-\(93- ﬂ)\x se“/‘\o.—ce,
el
& X E= _"}.'_I—)B 1 Q(\<2)
Z-L -

(2]
EN IO W dag B =0 /’»‘ms«-&& W oms + .\«m)-a,o:()

Vv

E:’E; = 4[\_@ Q

o
— - 3 (vB 9
510)= & (L2 )ws

o))

Q);B) [ SRS —('05’6] + '\):E)_ 0,0 = 4L ()76)'
< C



w) m Yo s o ?(\QL‘QCM Z{

#H 59
f .
b LISID R 2K A
QrovmoL <% 222K g,\‘
£ 4
L N R 2 4
2
W\’\’“(\L Mmn o _H)\,Q o dan ULA AN
= —L + Lo oma e
v vy
£ Ve, ,}

rO( '_M ()-O (‘(\"L\r( UL VMY 20y '—11»(/'/\_/\{%/\/
MA” SOuane, \;uui

b) SN e f’j‘,Hl—/o s OO\O\bCQJu\S‘ co'm(‘)'b\
w M b Do) Wl oud csbodd ks Y
'\'b\k SOUUIAL, Qzu\ua%r

Sm ce x¢(r) s %gé(v) Mo d o 'S aue U‘%Q,US-\:O\%
(A.){v\/\ u'cg*woim E .




Feoblem ©
4 59

&) Hu weck a\ow,b*%'\mw*o exdoud o} \;Aejdg '

dW=_7Z(5T) d$

L) C{))\A%\W F:U~ST

dF~ —sdT+ Cdg

~Q.O]ch.$jv\rif\)§ 'O\, a0tk % &:O\Q(; OT'O-Q?
- @_5) = 9&)
03/1 (9T§ \/
(C) Lol wl ( |.+1

g
et gt
T 3

0|U>T = [_ T(B__%)g ¢ z}a’.g

QU
[GVN

<)



?FOL()*Q(’.MJV é
| 5
3_/6); - bsTt # 59
]

= bgdg

D

= LW

8 )1': T@é)rdi

- T (2) 4

A) T bl

= bsTT dS

/"0

s
0135 j Urm} ABSOR BED

t




beoblow, 2
4) We howse  Juun OB b Ltie, = o9
w \f"\A QAL Q_,QJ d/(Q/m e} M«l (1<) S—to\b |

—=  —t esecopy €

UQ\"K)\)\)\ 2 s &%‘{qu; Vs *J\L\ Ll
ot bl '\V\M J‘.'om S PV hos 1o bhe Jaxo

% Wa&sé 2640

UV 2 weoe ) *@\a:;'\a«'\xl«‘w X

(ot L JL’--:":;.
£ , E , 26 + U R :,')
77 : A
()T (18)], (18)'s
—

b) WA 'UA,;S s conctcock Ao NN Qﬂ)&t\‘w

?\M’\(A&;QAA‘ /

1 N pp2 -p(2640) et .
d—l\: 1 e o /J S o g 6ﬂf/ )):2”3.{) b
(N = 1 Q -D/V\ % L/// ’ - __ /\/ e . ,.--—--~-- o
/’; 7. '..--..;;:--.-.n, (, . / :

.

- LB [ aree) s (24”07 M) |

{ e/’*//}\ a—-())
= }




P(O \oi)&m ‘?’

E+ U Ny
kKT
“
(NY) — |

(,\)>—-BZ>

(e P oVhue  Irman :L M=E -V » 14

| 1
(c) ‘ﬂ/\k WQJF\ ot —XYJ“N A gj\p}’\g\l Vo AM ?(\LS&N. UL_

O\ )})\,\x) ’gr\cﬁjé .

D —> £ - IR

!/": /

n\l/>\—1”> £+m2

<, =0)
o ° ‘s\-n\%>—%m, 28"+U | ; i ,) /

i Py F {
AR A

aopat =

_p _as —pmB (f* oL »/;uj
- 6ﬂ9P~[€(J£C/5m%+e/L e/3> el e

o Juon =
m*o%”m 1

%(\‘ ‘
oﬂﬁrm% R :
how

o

- /é//A—é—U)]
6/5(/* ¢) [ 2 cosh(pmB) + €

g [ #1-e) s b [2wslpmB)r € )
PAv ;

1l 2

/>
/1 ,[{/ :\n’g //’fg/ Lork(/,b,m%))rcfi M—C - o) f{
A




“\% Souroa w«w% \90. ‘lo\kcg\. PCO\O)QTD q

@\Doo\ fﬂﬁ(r) D Ths wowe., e
fonction  eamnok he dotar i -
0 oo e maot couudo moks om of 2¢, %¢MY¢

AN j«k\j{ .‘;AJ\,\O$(§;O’U\, 0{‘ a0 Q_OQUVQN\L¢\OY\.-& £. /

\\—O\A \'L
L duooy o b PMI L3 0T LM(\ o oecoy 1=

(¢)

(d) we  hod

0 X
T(’\a, 0\{.(‘@.),\,\&{‘ g*-.:o.flf\g fs el . ‘M \'M-L—(‘o okuc.t\'%
of Mg e madcadp Qg woll  durvande
\'k /O) = "

M/\L o il
A O ard, j&i\ 1 str'l\ Oar, e«‘obe&,vg{—qip 0\.. H Q&Lﬂ’\k O

WS of Pua uyelQ bod o\ 3905 o b S

(,@U\Af\v\ o= We rwvos(‘ ) . boundocs §

\NO\UQJ od 9-Qo,/>j Out, —'\‘/L;;{-.LCL %J(OJLJ (odd)d



JNO 2 Y r)

# 59
i of Ao o “ewse o bouad ¢ tods (oC thu
ciouwd  tose | z

/

NO BounD STATE IN THE NEw wELL

K@) U>£ ChOaoe (L(‘aQUQ, o (go[.boum)g .
_D«/vt, )Y,Q V\‘(\‘u& "'\;)\)Jﬁ T LAI ) ro J[/(/u H,O.

TO= (VD
—) & = 247 >
o P w2 E- (T

A SUNARS JBRY: SRWAN

S :
Boa o.(coorvd Qo3 B

_u)q Corrar e T AN~ A X

W e AIAD) Q\~ \A-O\/\YQ‘ “'»J\Q UK AT L@U’ u\%\& ‘()}{\' M -‘J«‘Qﬁi&_

ZA¥> oarde o e @) MMJ&I" ’%U&- 'é'bqgoww.

of doc =0 M«k Qﬂ(oo;\,\gr} g—ta\h op ﬂl} U\),OJ\&

—

's va\)q,(‘

We LCoui OJQJ)’O o-r Cl) UN'S B M PRYVRTS o

—

s n/\,oL‘ wu‘%-b@q\, =



Reollows 5
H 59
&) T¢ W portidus are dudical
s Wouse SV s soouse, uadean
sk \;Q, MSY’NE\'QU\&, O/\ALL% ﬂM
e 10Q) ve oMouse b

ocoonnd s Talu L&kﬂ.c(-l{q 2> ?"

,—.

\L'OO% % M > - *+>JU



PCo\aQ&/m _'.2
4 69

\/\Q—(‘ SM)koL % MLYPOJ\J\A'

2 [.)J(m —&
) -£-0 v
2 + 66(’“ )

M~ 020]

K
UM u\,cu;\\,rg\'/\,-\ob Q) N\ g2
2 A
X - (f(\of‘n’) B5LAQ VD
KT



)m) 111 * 5
W ‘Z o> )= - 3K | 110 o3

g/v) jO@C\‘ )

-~ - Mh.(po
oJL 4 S’-OJCK OLX‘{,'\JD\L;& s\MCQ_W‘?Q,‘MOb e 4\\JOXLM \’*QML
UL MQ’ MO (Q“‘tfaum om MA.Q
gy

$ 7’7’7’3’7\/\-(,}:'(‘\] 9] F

_ _ Z o
H= I (s - EM) - g B% (SEr<E)
aogame M 4 gy s > ove wepuslada |
—_
—— e — ~N
Wl T’ _ug) o )
QL
(0> - (-3{;2) [10)

VWM\"/ (‘(C};M' C‘Q}\U%& 6 ’V\/\Osoh-l, OJOQ&UL _MM






| - Problor 8
L) a->=< H 59

5 X o |
(4-5%‘@“ e
llen @
_ o0 ~X?— é(xz+0)5<>
I(A)ad Q_Q_x_,__[ g K e OL‘./></_+ gd«x
. ) —
SN
23

><7— &
N + &
%
] _ o — = [ A
fla 2 -2 > 5= (£)
{_”, 2+ 24
- =3
73
Y. Vo %>, /3 2%)= 2 &
o= ()P B )
fle)~ ¢ <
We lhose Fuon v .



?(‘o(a—QQ/YT?/g
A =3 9 :&_5%

0D e home i |




F-’@’j, E,;/‘!JJJJ‘ J
(o\) We (our UL W/r'-f)fﬁﬁ'c @L\/JQ'(OX) / ﬁf%
ou{ code t W e Jh e P e[L’{}(OQ“(;9~’(:\'C Y*JA

v\M‘M’\ HM Qr'\zb.}, ‘.o@uvr\d.ow\/ U)&)au."t\‘ ouny, AT THE
il TTIE (mo codhiodaas)

By ’Q{ma*\j P- (,P)

2.
VP =0

2 2 &
Ude  Cours 'X—Qx{ \P(%,/,o\); (2 ’l/lp - & )A

-Vz Qp -0 0/\/~_0L 'M,\Q L., Usé IPLU\ Q-‘( O'\)W‘d\‘? (&.

wc}w odo, o 507\‘\'& %Qb\ ’

o coli sty Ay b ok The nm% s C0 AU e

2
A= -2 \/_0%‘/\003%
F\'(V\JJZJ?( 34
N ra
Kp("z}/(o).‘— ~2 Vo 9rnw't ( 2:2" ;le —0’\)




YQPO!'J*'/‘Mﬂ
=—€E O
) A A
X= ppt+ 22
= A « N s N
X= 05 +000 +1212
;— , . . 2" ro 1
XK= 371050684 pGGe-pbp 12
» . n e
:(,o‘pe)/cl)‘ 4 (Zp@‘iﬁ@)@ 22

Jos o m orsdienll aymmm AT o
wul )u_) QA QJ«)O)AQ’\)\ OL L%

Crre
(oAt L ) —7 )__ﬁ_;fm ﬂ
NJ“QJ/\./\'Q _

MWW VAR

fm/o

O = L = [ \_/_0_ e s«mw"{) e,
,W"ZPB 3 dl m
vo /
Z2 =" & Yo € am u\)'t) Z
) AZ oM




VFO {/Q;o)uu\ 3

os A

"A‘é: L + '%_}’;L?\'m()jt #(6
/),o PP

} :%;: ——_l_f_)l:l_sﬂmoo't

Lt 3

—xuzu T DD NJQ-U& 'S

2= 4
=

“—

2
L o (J\)-t

£l

€ * .
(\/k-kA‘: /-J/nr\)f’.j/f'ﬁ_)\})- v

; z
z 5\0@ Grs O ¢~ L Cogwt(<_]_
w

A
MQD \/\0_/3 o \_')e/k\/‘(] SANO\M- O"M’?Lr F\Ja\l .

Fﬂc l‘iu {(,\_,«;Lgo& r\,/.ml\ oS VN VU SRR M % O Q((M
, 2 .
wm’) ( S“JAX‘J.JJ. oL ‘.:'\??/g/ “(«U\Oli 8’) ( %%1) ) w l""\ < IA 'S

- T _E
- 1&'~}~mu\
L = 3

/O

i)

- ( Q\JA‘QMQ e (AO—\B-Q,
Ans. n.{ﬁ: 3 A‘\\-CE) s cromodd oz
’ 2
op o 8 (35

= 3
o = 0 3
713 X
(S coludroms of Y ¢ Lar«»e,i:&u— ore %\’ (o2t .
WQA/&OA}\—{S OF ﬂJJ JIASD (A‘Qu . \3é
JRN l

d ' - 2N ﬂ- _

P unw,ué 5 Of §rddc T )




;Pco Lins 1O
(o;) We o g'*Q//JUQ HM P,(\o ut’u}\ Lﬂl
of o o wa%ﬁ Tj (%, ¥, -5)

|

!
i

.

’ e '
G
xiv.8

SR TRR T RTINS B M sugerpo -
C,«tCQk« \{}CSM L\'P/@. to ("‘L—{:OUUV\

¢D\SC(,'7\); g ¢(?/x', \/‘1"5) (-TOLO‘/

A
7‘ 3
. O
— O ~;'— - R
o <
“ e
a (g%)
L 'U‘)\l U\"‘r\) E‘t: fzz wg@
A
P
" oo L t= _j_,_cofae + 9 oosG
edr e 4
1' o
149 - € q
&
YA o O HC Dy = j{_ ‘}M@ ; !
’ { =49
LW f Do = _(1) . _’%__)c,u@
Az 4t



L] N ) ANYAAN U
AA) 2 \FM‘U‘ TN ridJ (AN

# 79
29 = (c+1) 9
T)'P.: _é_ Lépc(,v«\se C("»”ﬁé’_
/6i eer * for T U p

e polin e - G=1)

Ul P . ¢(?1x’/y'/_8): 2 { //
‘ E+1 V’OT- x))l-F (\/_‘\/,)2.4_ (Z+g)7‘]
L S
P ¢(r/x,v’,—e):<é;, (1/e) Y.
<+ /4o

)4 (y-y) e @-5)

+ __“(4/6)
(6" Tt Gare) |

‘U
¢((‘): g ¢(WIK'/VI/"S).GIOLK)O‘J‘//

X1I \7’6 AASC

éb.



CE ) F‘CO’YV\ 'SLU‘ ‘Q}c.o\-o/o\wy\@, o % it ’\\ 6

o~ ?Q\ »\/\5\ JJD\/(' oa(\, woe CGQ;\)rﬂA\, —M
'VVJ\ JAM 0/6, Vi o~ ML ‘PJ\)_ cb‘m,ki. c,,b\(\\'c, sees

< MQ‘ = <§11> 9 m'a)\/\} albone o4 0} 2= ¢
&+l
cogl el s I)
V’\-\ MQO”" \,.J:,))”JOC lv')'\z (:;D)JJ\)A.\\Q\“%'V\ g oo (o L
S (‘&M%\'\)Q . T Ha wone ol Yoo ar'sc./ \gx.%';‘/fmt__{;(f/
2N e o o be
aJoud. s 2 - ducechiov

/ /[ // ! ’ ’ s . é




HOo2
\QCO\»C oo !

We Wowme ’[Lu Q\Mo& ’Loii ¢ IA fui!(ou:jzlo«,«. %\c't\m(

I{?I y Coa ‘U\)m !IO M-&)X\
2
P :/éélgﬁpm)lQ%}
V.4 E%'
=l <el Uty 1] (L s eE‘/*»,c( FA
é’xo(ou&)
Ur m Y\'rgi’%co‘)«f Qﬁ\cm(\ooilﬂ% Mug%
{
-t l'%%,
U.(t o) = _1g e~ ! !
'y +LR Vit) e A1
¢ ‘ ‘
: _CLEE -1t
et LT L w8 o [
t J
wolauce woc e s O < |%>:_ ¢ =0, 12—/0/ A"*z\M‘/l/J"‘/d"kJ:{
(1O feo0) ) = L o ¢cr1271y 4
© (ta S: (T+L'Q/E_
1

2 - Z -
P x ; | <l ST ‘. .
£+ OF // [



(9(0\4)%.)\»\“

WL Ao \/\QA){» ‘LC CJ/\OU\ODIV ‘V;mw S %\‘\Q/{‘r"?

\me atg) (o N (7_- L,+gf)

!‘4 > = l3/7_ 3/;_)) ‘

@lon>+ 1440 ERER/Y

‘:, - \9%
;f—l—-‘%w%'hvﬁ o /ZJ 14 0% - flww 1 ¥, 7

jc -k
V

1

\FI P 1 IO‘/J— 4 1% -5
G \4/)(3@

-

EVN . —
| 24 /17 ’/27 — A0 = 1% %)

(VN

\ l*'@ e‘fz 10 1/1”

|1 ’/z7 = Wz'%)
17 ek Yy 7D

Aol AV (YR e {;‘Y\NJ | %
\: s‘tokx lf\/\pj

Gimes & codoc | LI - Scleac
L\N.‘D aor - TA '\NCA’( M Q(\G‘&\M L/’Lq; h~Aé/O’

=2, A=t =, £ — lm-,o,;z-,o/gzl/?_)i>

)‘J\L. UM

ot o VD‘"QJ& ve ok gzimu. 6T (s odd oud



2 79
I L \ .
S C_,Ou‘k\?dwy;k %Q ook = qu& , Wm y

- X
NS T gaﬁr C-le)Otr) [ *
¥ 73—7%"‘ ( ho 2 Too — \fz(xﬁ\(}) \/,l 700>

3

O .
RN I -
\\f S‘UL Vi 3 Yoo - gdl(\[_é}tosé (rew=9) g/_{,
N | m
J

Yl




¥ o
[ Y]
WL o0t hw \MA'H\ Y )SW Dy
(\)/0' 0) AY\,/
T : u/“ K’:Ay\r"
‘ Q A ‘(\ Q {r) e (r) ) \({2& \'M: L))).“\
PR
e T /’__’_____\
2 |
VY o<2‘ g ﬁdr)ﬂ:(f) \ d,(‘)
| /’L_’_/‘Z




{E(‘O bm}\)\, 17

4 €9
OJ L ust Q’:(A?)W‘Om ()Q )\'\ \NJ\X QGFO\ﬂ\
%Q-(‘rYY\O’\D\A S A .
(S (pathh)

Dt |s,0> - gawwkwwsm'e 2

A
P‘\‘)L OJJJ\,?), 7 )O:/(
of dadicT 129 tho
‘be’b o od D od Bt .

OE:\)-QJ.)- o. Poj‘v‘« ;?(#) E 3’((0) =S ) X(-H =D 1 Urs ]/‘—OM

(}/,l/\k o\c'é\\_(l/\,\ . -t
5[?(;‘)]___ g %ROEX)({‘)] + %R’A 4t
N
L

1 R ‘
S P WA
t D .
x E_—. g 9 B
< )
0)4 ,‘\\_/ ’._,.’u.x‘\'r\)ﬂdc({‘o\& OK\ A
ifm AH’) 99@"'0(._'\‘)“ ?a.ﬂ\rv
2

We o g doc Yoo h‘u&s' o ‘60\’{)\/\ )'H/u QU R A
OilOO/\fQ, O.A».ok 'UM\ QAL ‘}(M.@AJ\ ) éb\, ';}QjJJ\)\;Q»I 5(

' ob ,
O

b bl |



‘!;0 oi{?ﬂL foc P r,m!ooja\' Lr(/\&j

T ”;.4 .
kptyso)d] = ?L e
: -~
we cyy{ A@C‘:{/‘Q’f lsmoz( eEﬁ) /M
(?——e) .o’lC,V\

‘HAJV Yu,r.'ai ;- B s Of\‘\}-ﬁm LJUG,
NN <.
e o

o 4
AR ~ ke Y
L e A X A




—‘.1“’"“’"" 5
/\L\L ot ¢ (’.’,g_( l';.JJ/(ofJN»ULfS» MM e O #

?LortiAJC%A'Chz on W gmo\Al~. h}l@llﬁ@xAJ "o bewe

LS, )
ow (_a!aooe)
= - q.to\ -9RAL
o -Gy e
abpue,
o) \,\9;\-—0__ a2 ‘\9(, LM(&L
N S 2
b= Vx A
- D
@1’%-% ds= g A
/Afca > A’) &ﬂ/au/x@ B
B 'A - % A\ ~ ?0‘61\—\”% j:O \0\)(‘ go(L
T _a

§3M:gg

0SS -g(d)‘OUOQ LA™ A
/.—
‘(',U\i'w'oj oA
We l/\»OUUQ, : et 0“19{ /70“
7 e
-(5 -t
(Dt 5,0>’~ 2 C 't:{' e n
\
F“‘~" ;;éxyya ound LﬂLlj&3Li) ) uv:.‘{lA 11AJ SOUIN
= o
(o l%wwﬁa pori I .
g/(u, o (j/\.\Q&\, . BA ’
..,'2& —n —L‘
e JF T (Hrew)
poc 1.

l('L‘C"\‘Q



peokllin, 13
oandd WER
ﬂ'\& o't \?Qf" {/\0«/\. ?‘U\J\/\Q—t:'QJ\/\ ‘D%—MM o\g\(p(g%y?)
,CWZ: 2_66//‘4,&)
L

d
= V e/é?/&M' dge (e/é/lj

K
NS 2 )2
21T CT, ngu)%\/x*\
N>= L2 ez
/) 7%
sy L et atm
/\5
{:Qf ’M A,
;Z: N ﬁ’//“‘?‘\k))fy)
L L e C(Yl
L=-0 N

= (1 . 613(/.A+w)) N

o Z- N b /(+<B#e/’w)
N

< ’ B _pW
ho Parow 2 A/'L,IT g’ ﬂM ~ N M
. & A7 A ol il

1]

N ( A
e L >



Reo blon 17 |

H 59
We shodl we o cﬁxspu SAOAN
\’M‘Q&AC.
flxo,00> L P fx0) o -
me X~ X
<d

I
\ -
\
\\
“
Sy
v

ﬂ/\A'S V‘MYL LMD (0 Cou f.a_-rﬂj,r\',\,,._g,_ g M
rﬂ/\'\ cndu Q&ron, 'S e el —H&LL\Q
Can g€dl .

MR S\'wogqﬂw\'t' es

Ia
g L-ro - © e £

08y to fere
Te Z %o %Y

ga\ﬁpf Prowe K-

e o lgd wth

?gﬂM ST fK0) = O \/
P

X —Xo
/ -2

COML(M& PV, G(ou» wL\A‘c\/\ ‘l’l’\\ Njﬂj:f% %\g\(ﬂ)«m .



