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PHYSICS DATA:

- speed of light in free space, ¢c = 3.00x10° ms™
permeability of free space, Mo = 4nx107 Hm'
permittivity of free space, & = 885x10" Fm?

~ (1/(36m)) x 10° F m™*

elementary charge, e = 160x10" C
the Planck constant, h = 663x10% Js
unified atomic mass constant, u = 166x10% kg
rest mass of electron, me = 9.11x103 kg
rest mass of proton, . mp = 1.67x107% kg
molar gas constant, R = 831 JK'mol’
the Avogadro constant, - ‘Na = 6.02x10® mol" -
the Boltzmannconstant, -~ - k .= .1.38x 10 mol"
gravitational constant, G = 6.67x10" Nm2kg?2
acceleration of free fall, g = 981 ms?
PHYSICS FORMULAE:

uniformly accelerated motion, s = ut+%at

vV = u?+ 2as
work done on/ by a gas, W = pav
hydrostatic pressure P = pgh
gravitational potential, p = —Gm/r
displacement of particle in s.h.m. X = XosSin ot
velocity of particle in s.h.m. V = vocosawt

T tayx,t-x?
mean kinetic energy of a molecule of an ideal 3 "
gas, ‘ E = '2— kT
resistors in series, R = Ri+Rx+...
resistors in parallel, 1/R = 1R+ 1/Rx+...
electric potential, V = Q/4rner
alternating current / voltage, X = XpsSin ot
transmission coefficient T = exp(-2kd)
where k = ’w
h2
radioactive decay, X = Xoexp(-At)
decay constant, A = 0.693
t

N -



1 The Van Der Waal’s equation is used to describe the pressure, P, volume, V, and temperature, T,
of areal gas, -

2
(P +1’VT")(V —nb)=nRT

where n is the number of moles of gas present and R is the universal gas constant. a and b are
empirical constants.

What are the units of a and b respectively?

_ Unitofa - Unitofb.
A Pé msi mo.l"2 - - m3 mol'v1‘ )

B mol? Pa™* m® mol m

C J m? mol2 J m® mol!

D mol?J' m2 mol J m

2 Astudent throws a stone 35° above the ground at an initial speed of 20 m s™. It travels in a projectile
motion until it hits the ground at P with the same speed.

Ground

What is the magnitude of the change in velocity of the stone just before hitting the ground at P?

A0Oms" B20ms C 23ms?! D 33ms?’
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3 A metal wire is stretched by a varying force F, causing its extension x to increase as shown by the
line OPQ on the graph. The force is then gradually reduced to zero and the relation between the
force and extension is indicated by line QR. .

F A

[P

Y R "

Which area represents the elastic potential energy stored in the wire at Q?

A X

BY cz , DX+Y

4 The anchor of a small boat is initially completely submerged in water and resting on the riverbed.

O

T — Water Level

Riverbed

What happens to the water level with respect to the boat when the fisherman first pulls the anchor
up and when the anchor is finally on the small boat? Assume that the rope tied to the anchor is of
negligible mass and volume.

A

The water level decreases when the fisherman first pulls the anchor up and then increases
when the anchor is finally on the small boat.

The water level increases when the fisherman first pulls the anchor up and then decreases
when the anchor is finally on the small boat. :

The water level increases when the fisherman first pulls the anchor up and then increases
further when the anchor is finally on the small boat.

The water level decreases when the fisherman first pulls the anchor up and then decreases
further when the anchor is finally on the small boat.
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5 A crane starts to lift a load of 5.80 x 10*kg load from the ground.

[———> Hoist Line

Crane Platform A L/ Load

Wp!atform

The diagram on the right is a simplified schematic representation of the crane and load on the left.
If thé platform has a uniform mass of 4.00 x 10° kg and the boom has a uniform mass of
4.00 x 10* kg what is the maximum mass that the crane can lift vertically at constant speed at the
end of the boom without the crane toppling over at point P?

A 280x10°%kg B 427x10°kg C 440x10°kg D 5.47 x 10%kg

6 The following graph describes the variation of the resultant force F on an object of mass 2500 kg with
' time f until 10 s.

A
10
F/kN
/
5
/
/
/
0 0 5 10 :t/S

If the object is initially at rest when ¢ = 0 s, what is the object’s speed at t = 8 s?

A 14ms?! . B 16ms™ C 18 ms? D 20ms™?
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7 An object falls freely from rest vertically to the ground. The effects of air resistance on the object are

8

negligible.
The object travels 60 % of the total vertical distance to the ground in the last second of its fall.
What is the total vertical distance?

A 18m B 21m C 36m D71m

An object is projécfed with a certain speed u at an angle of 45° to the horizontal from the ground at
point P. It travels through air with significant drag force on it, reaches the maXImum helght atQ, falls

and hits the ground ata certam dlstance away atR. "

helght 1

45° R
P ) >
) distance

Which of the followiﬁg statement is true?

A The time taken for the object to travel from P to Q is more than the time taken for it to travel
from Qto R.

B The time taken for the object to travel from P to Q is less than the time taken for it to travel
fromQtoR.

C Thetime taken for the object to travel from P to Q is the same as the time taken for it to travel
fromQtoR.

D The time taken for the object to travel from P to Q can be the same as or more or less than
the time taken for it to travel from Q to R, depending on speed w.
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9  An object of weight W hangs from a trolley that runs along a rail. The trolley moves honzontally
through a distance p and simultaneously raises the object through a height g.

10

trolley

rail OlO OO0

object

As a result, the object moves through a distance rfrom X to Y. It starts and finishes at rest.

Which of the following statements about the object during this process must be correct?

A

B

Cc

D

The work done on the object is Wr.
The net work done on-the object is 0.
The gravitational potential energy at Y is Wq.

The increase in kinetic energy of the weight is W(p +q).

The data below are taken from a test of a petrol engine for a motor car.

power output 150 kW

fuel consumption 20 litres per hour
energy content of fuel 40 MJ per litre

-“Which expression will evaluate the efficiency of the engine?

150 x10°
40 x10° x 20 x 60 x 60

150 x 10%x 60 x 60
20 x 40 x 10°

150x10°x 40 x10%x 20
60 x 60

150 x 103 x 20
40 x103 x60 x 60
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12

8

Two toy cars are set to run round a circular track of radius 80 m. Each of them moves at a constant
speed. At time t, car A overtakes car B. 4 minutes later, car A passes B again for the second time.

What is the period of car A, if the period of car B was 60 seconds?
A 15s B 48s C 120s D 240s

Two spheres A and B of equal mass, m, are attached on a string which moves in a vertical circular

motion. A is at a distance r while B is 2r away from the end of the string X as shown in the figure
below. )

- ~
P - .TB s ~ N
V4 . \
,’ A \
\
] Ta r 1
l X ] direction of rotation
\ 1
\ 7
/
\ N ,
~ e
S o ,/

The tensions in each part of the strings are Ta and Ts respectively.

Which of the following statements about the forces acting on objects A and B are correct?
A The magnitude of Ta and Tg are always constant. |

B  Throughout the motion, the net force 'acting on sphere A is only Ta.

C  For the objects to execute circular motion Tg can have a magnitude of zero.

D

The magnitude of Ta and Tg are always equal as they are action reaction forces.
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13 Two binar'y; stars of masses M and 2M revolve about their common centre of mass in orbits of radius
2R and R respectively.

. y
[ ] .
.3
:U‘
e
~_____'_____-"’
o

.
N
~
-
-
-

At which point does the gravitational field strength have the lowest magnitude?
14 On October 19 2016, the spacecraft Juno will enter into a circular polar orbit with a period of 14 days
. around the planet Jupiter which has a mass of 1.90 x 10% kg.

What is the radius of Juno’s orbit?

A 864 x10*°m B 167 x10°m C 6.29x10"m D 4.69 x 107 m
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15 Two charges are placed in free space. The variation of the electric potential V, with the distance r
from the left charge along the line joining the centres of the charges is shown below.

o .
® — e
VIV

r/m

Which of the following statements is true?
A Any charge placed at point P will experience a resultant force towards the left.
B The electric field strength at point Q is larger than the electric field strength at P.

C Net positive work needs to be done by an external agent to move a negative charge from point
R to point P.

~ D A positive charge at P has more electric potential energy as compared to an identical positive
~ charge placed at R.

16 Two charges of electric charge g and —q connected by a light electrically insulated rigid rod of length
L are placed in a uniform electric field of electric field strength E as shown in the figure.

electric field

30°

Which of the following is the correct expression for the torque due to the couple?

A qEL
2
B qEL

C 2qEL
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1 7' An object moving in simple harmonic motion has a maximum velocity v, and an amplitude xo.
‘What is its velocity, in terms of vo, when it is at a distance 0.25x,from its amplitude positidn?

A 0.13v
B 0.25v0
C 0.66vo

D ,b.75v0

18 Some. doors use a spnng system to ensure the door closes agam after lt is opened These spnngs i

_are usually damped. .

if the spring used causes critical damping in the door which of the following will happen when the
door is opened?

A The door will quickly swing shut without oscillating.

B The door will continue to swing back and forth for a long time.
C The door will take a long time to swing shut without osc:llatmg
D

The door will swing back and forth, but will come to a stop eventually.

19 A copper block at 500 °C is cooled in an oil bath that was initially at 20 °C.

Cil
Copper

Using the ratios below, calculate the temperature at thermal equilibrium. Assume no heat transfer
with the surroundings and the container.

density of oil
density of copper

=0.110

specific heat capacity of oil

- - =4.29
- specific heat capacity of copper
volume of oilbath ~10.0
volume of copper
A 416°C B 104 °C C 160°C D 416 °C

20 The temperature of an ideal gas is raised from 32.1 °C to 40.5 °C. What is the percentage increase
in the r.m.s. speed of its gas particles?

A 1.4% B 2.8% C 12% D 13%
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21 The figure shows the shape at a particular instant of part of a transverse wave travelling from left to
right along a string. '

displacement p

4\

. distance along
" the string

' Which statement about the motion of elements of 'th'egt'ri'ng at this 'ih:s‘t'ant is-correct? -
A The speed of Qis higherthan S.
B Both Q and S are mbovingb upwards.
C The energy of P and S is entirely kinetic.
D

The acceleration of P and R is a maximum.

22 The diagram shows a beam of initially unpolarised light passing through two Polaroid filters.

unpolarised
light

Polaroid 1

Polaroid 2

‘The transmitting axes of these filters are initially aligned. The two filters are now rotated through 360°
in opposite directions in their own plane at equal speeds.

How many maxima of intensity occur in the light emerging from the Polaroid on the right?

A 2 , B 3 C 5 ' D9
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23 Two sources of waves, Si and S, are sntuated as shown in the figure below. Individually, each
source emits waves of intensity L
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Equidistant from Sy and Sé, a detector at P registers a steady minimum wave intensity. The same
detector registers the next steady minimum intensity when it moves to pomt Q. Which of the
following statements is false about the two sources of waves?

A The two sources of waves are coherent.

B The two sources of waves have the same amplitude.

C The two sources of waves have a similar wavelength of 2 m.

D The two sources of waves have a phase difference of 7 radians.

24 Monochromatic Iighf is incident hbrmally on a diffraction grating and first order diffraction is
observed at an angle of 28.6°.

Which of the following statements about the diffraction pattern produced by the grating is true?

A The second order image is observed at 57.2° and there is a total of 3 intensity maxima formed
on the screen.

B The second order image is observed at 57.2° and there is a total of 5 intensity maxima formed
on the screen.

C The second order image is observed at 73.2° and there is a total of 5 intensity maxima formed
on the screen. :

D The second order image is observed at 73.2° and there is a total of 7 intensity maxima forméd
on the screen.

25 The potential difference across an electrical component is 20 V. The time taken for charge carriers to

move through this component is 15 s, and, in this time, the energy of the charge carriers changes by
12 J.

What is the electrical resistance of this component?

A 0.040Q B 0.80Q C 330Q D 500 O
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26 A 10V battery is in series with an ammeter, a 5 Q fixed resistor and a 0 - 10 Q variable resistor. A
high-resistance voltmeter is connected across the variable resistor.

The resistance of the variable resistor is changed from zero to its maximum value.

Which graph shows how the potential difference (p.d.) measured by the voltmeter varies with the
current measured by the ammeter?

NN ke

current current 0  current current
A B C D

27 The circuit diagram shows three fixed resistors R, R, and R; connected to a power supply. The
currents flowing through each of these resistors are /1, I and I3 respectively.

O O

I
A -2 B ot NN C ik D 1+——
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28 The |-V characteristics of two electrical components P and Q are shown below.

8.0

6.0
U
Q .

I/ mA 4.0 /

2.0

0 4 8 12 16
VIV -

Which statement is correct?

A Pis aresistor and Q is a filament lamp.
resistance of P

resistance of Q
C At 2.0 mA the power dissipated through Q is always twice that of P.

B The ratio

is always less than 1.

D At the point where the two lines intersect the resistance of Q is approximately twice that of P.

29 A beam of electrons in AB and another made out of protons in CD are parallel to each other.

electrons
A : > B
X
C > D
protons

The rate of proton flow in CD is twice that of the electrons in AB. What direction is the magnetic field
at point X, which is equidistant from AB and CD?

A Towards AB B Towards CD C Into the page D Out of the page
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30 Five straight and parallel wires are arranged as shown in the diagram below, and each carries a
steady current I '

Which of the following statements incorrectly describes the a.bovevsce.nario? |

A

B

The resultant force on wire E due to wires A, B, C and D is pointing towards line AD, perpendicular
to AD.
The resultant force on wire E due to wires B and C is pointing towards line AD, perpendicular to

"AD.

The resultant force on wire E due to wires A and D is pointing towards line AD, perpendicular to
AD. '

The resultant force on wire E due to wires B and D is pointing towards line AD, perpendicular to
AD. '

31 A circuit containing a circular loop of wire connected to a low power light bulb is positioned around a
solenoid connected to a sinusoidal AC source and a diode as shown in the diagram below.

e

Which of the following statements is true?

A
B

The light bulb lights up because the magnetic flux linkage through the loop varies with time.

The light bulb lights up because the magnetic flux linkage through the loop reverses its direction
every cycle.

The light bulb does not light up because the magnetic flux linkage through the loop does not
reverse its direction.

The light bulb does not light up because the diode prevents current from flowing and thus
producing any magnetic flux in the solenoid.
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32 Two coils are linked by a soft iron bar as shown in Fig. A. A current source is connected to the primary
coil. The primary current /, varies with time as shown by the Fig. B.

primary. coil secondary coil r~h
( {ff f ‘ ‘5 4 - Softiron ,
bat §
.. H
L A 4, ; l l 1 :
Current _ K ob ! — >
source . A B o t, Tt time
o Fig.B. -
- Fig. A 19-5
‘Which of the following sketches represents the variation of the voltage across the secondary'_c.:qil Vas
~with time? I o S - S
'{'F, B
A A~ Vag A Vig
0 > 0 >
b time t, t time
‘ c ”N VAB . D N\ VAB
0 > 0 >
L4 t time ‘ t,- t, time

33 A 20 Q resistor is connected to an AC power supply with a voltage output that varies from 2.0 V
1o -3.0 V as shown on the graph below.

voitage output/ V . 5
2.0
0 : : >
1 2 3 4 5. time/s
3.0+

What is the average heating power dissipated in the resistor?

A 0D N2 \N D N0 \A? £ A A" LAl

S A ~v %8 2
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34 Which of the following statements about the wave-particle duality is true?

A The wave-particle duality suggests that every particle will have an associated wavelength when
it moves, provided that it is subatomic in size.

B The wave-particle duality suggests that every particle will have an associated wavelength when
it moves, regardless of whether it has a mass or not.

C The wave-particle duality suggests that-every particle will have an associated wavelength when
it moves, provided that they have a non-zero charge. -

D "The wave-partlcle duahty suggests that every partlcle will have an assocnated wavelength when -
it moves, provided: that it is undergoing quantum tunneling. -

35 The fastest recorded tennis serve was measured to have a speed of (73.20. 1) m s and an average
" “tennis ball has a mass of 58.0 g.

What is the minimum uncertainty of its position?
A 9.09x10%3m B 1.24x10%m C 9.09x10%m D 1.24x10%¥m

36 Which of the following changes will increase the probability of a particle tunnelling through a potential
barrier?

A Increasing the width of the potential barrier
B Increasing the height of the potential barrier
-*C Shooting particles of a smaller mass at the potential barrier
D Decreasing the energy of the particles incident on the potential barrier

37 Which of the following best describes the meaning of pobulation inversion?

A Electrons are able to stay in such a state for a longer period.
B An atom in an excited state undergoes a transition to the ground state and emits a photon.

C The number of atoms at a lower energy state exceeds the number of atoms at a higher energy
state.

. D The number of atoms at a higher energy state exceeds the number of atoms at a lower energy
© state.

38 Which of the following statements about a semiconductor diode in forward bias is incorrect?

A Holes will move away from the p-n junction due to the external electric field.

W

Electrons in the n-type semiconductor will cross steadily to the p-type semiconductor.

)

The applied potential difference from the external source of e.m.f. opposes the junction potential.

|w

The n-type material of the diode is connected to the negative terminal of the external source of
e.mf.
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39 - Two alpha particles with equal energies are fired towards the nucleus of a gold atom.

/.

—~

gold nucleus . ' . o /‘
T - o . : © gold nucleus

Which diagram could represent their path?

A ' B

KN

Y

Y

gold nucleus /.\

gold nucleus

40 A newly prepared radioactive nuclide has a decay constant of 106 s
What is the approximate half-life of the nuclide?

A 1 hour
B 1 day
C 1 week
D 1 month
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PHYsICS DATA:
speed of light in free space, c = 3.00x10® ms*
permeability of free space, o = 4ux107 Hm?
permittivity of free space, & = 885x10" Fm?

~ (1/(36=%)) x 10° Fm™!
elementary charge, e = 160x10" C
the Planck constant, h = 663x10% Js
unified atomic mass constant, u = 1.66x10% kg
rest mass of electron, me = 9.11x10°% kg
~_rest mass of proton, mp = 1.67x107 kg

" molar gas constant, R = 831 JK'mol'

. the Avogadro constant, Na = 6.02x10% mol' -

‘the Boltzmannconstant, . =~ = .-k. = 1.38x10% mol' .-
gravitational constant, G = 6.67x10" Nm?kg?
acceleration of free fall, g = 9.81 ms?

PHYSICS FORMULAE:
uniformly accelerated motion, s = ut+¥%at

v i = P+ 2as
work done on/ by a gas, W = pav
hydrostatic pressure P = pgh
gravitational potential, p = —Gm/r
displacement of particle in s.h.m. X = Xpsin wt
velocity of particle in s.h.m. vV = vpcos ot

T tayx,t - X2

mean kinetic energy of a molecule of an ideal 3
gas, E = E KT
resistors in series, R = Ri+R2+...
resistors in parallel, /R = 1R+ 1/Rx+ ...
electric potential, V = Q/4ner
alternating current / voltage, X = Xpsin ot
transmission coefficient T = exp(-2kd)

where k = ’M

h2

radioactive decay, X = Xoexp(-it)
decay constant, A = 0693

t

N | -



aJe q pue e

oW jow d
pow g . zlow ;w 0
oW jow oW .Bd slow g
1ol e - oW W ed v
qjoun e jojun

(AleAsadsal g pue e Jo spun ay) aJe Jeuypn

‘S)UBISU0D |eouidwe
juejsuos seb |esiaaun oy} st & pue jussasd seb Jo ssjow JO Jequnu 8y} SI U aiaym

4
G~:

+d , ‘

‘seb |eal e jo

Lyu =(qu~ 4)



LSweed SWeES -Swoc 8 SWoov

i.d 1e punoJB ayy Bunny a1ojeq isni suols sy Jo Ajoojan ul ebueyd ay) jo apnyiubew ayj st 1BYA

punols

: ‘peads aWes ay) Yum d 1e punosb auyj spy )l iun uonowl
fosd e Ul SjaAe ) *,.8 W O JO paads [eniut ue je punoib sy} 8AOQE ,GE BUO)S B SMOIU}JUSpNIS Y

14



XV
4O 18 anm ayp ul pasoys ABieus [eiuejod onsele sy sjuesaldal eaie Yoy

X S| o

< -
<

4O dul| Aq pajedipul S| UOISURIXS pue 80104
m£ usaM}aq UONE|2) BY} pUB 0482 0} paonpai Ajlenpeld uay) si 9210} 8y cama ay) uo DO auy
aonpap OU) AQ UMOYS Se asealou] 0} X UoIsuaixa s} Buished ‘4 810} Buikien & Aq paydlens Si SIM je1a v

g



‘1e0q [[ews ay} uo Ajjeul} s| JoYodue ayj UsUm Jayuny
seseanap uay} pue dn Joyoue auy s|ind 1Sl UBLLIBYSI SY) USUM SSSEDI08p [AS| Jojem ayl

- "Jeoq |[ews 8y} uo Ajjeul) s| JOYOUE 8y} USUM Jayuny
' seseaJoul uayj pue dn Joyoue sy} sjind JSiy UBWLIBYSY BY) UBYM SSSESIOU| |OAS] Ja)eM Byl 9

. ‘Jeoq |[ews ayj uo Ajjeut} st Joyoue sy} usym
. s9sE8I08p UBY) pue dn Joyoue sy} synd ISJi UBWIBYSI 8Y) UBUM SSSEaIOUl [OAS] J8)em 8yl g

'JBOQ ||BUIS S} UO A||BUI SI JOYOUE S} USUM
sesealou) uay} pue dn Joyoue sy} s|ind Jsil UBLLIBYSY SU} USUM SISESI0SD [9A9] Jojem 8yl Y

‘awnjoA pue ssew a|qibyBau
JO 1 Joydue ay) 0} pal} adou ay) Jey} SWNSSY £1eoq [[Bws 8y} uo Ajjeul S| Joysue ay) usym pue dn
Joyoue ay} s|ind 3s41) UBWLIBYSY BU) UBYM JB0oq 8y} 0) Joadsal yym |aAa) Jeyem ay) o} sladdey Jeymn

poqIanY

|oAs™ Jo1ep




V d juiod je Jano Bugiddo) suesd a8y} Inoyim
W00g aU} JO pud ay} je peads Jueisuod e Ajjeoien Y ued aueJd 8y} Jey) ssew wnwixew Sy} St eym
BY ,01 x 00 JO SSEW wuojiun e sey Wooq ay) pue 6% ;0} x 00" JO SSEW wiojiun e sey wuoje|d ayl i

48] 8U} UO PeO| PUE SUEID BUj} JO Uoljejuesaidal Jllewayds paiydwis e s Jybu ay} uo wesbelp sy L

wioped M

m_ ‘.%.,e :
i
peo Aﬂ.\ wJose|d euel
Lm.V‘ 1eld o]
BUN ISIOH €
woog

wEw_noa pajejal
anjoS 0} JO suonenys
meu - 0} sjuawowt

77 jo ediound ey Adde ‘punoJB ay} woly peoj By ¥0L x 08'G 4O PeO} € Yl 0} spe)s sues vy




S W 0T

a SwegL 2 SwWol 4

¢S 8 =} Je peads sjoslqo suy S11EUM 'S 0 =} UBYM JS31 Je Allerul s 193(qO au) 4

S/ 0l S 0

A
o

N3/ o
ol

'S QL [pun 7 awn
osap ydesb Buimojjo) 8y L

o 2580]

By

obirs g BHL,OMXOPE 5 BY,00xZ% g BA,01X08T

8



e|q

aijos.24. 18[00 8y} Uo SoUE)SISal Jie JO S}

£ 80UB)SIP [BOILBA (€10} U} S| JEUM
|8} S} JO pUOOas 1sB| 8U} Ul puno.B syj 0} souB)sIp

[B2113A (B30} BU) JO % 09 SI9ABI} 108[q0 By |

osye ay] -

"8|qibbau
punoiB ayj 0} AjjleaieA 1sa1 wolj Ajgaly s||ey 1o8lqo uy




o 0} D wodj
[oA1} 0} )1 10} LS.} SLUY} Y} SB SWES dU) §1 D 0} d WOJj [SA.S} 0} }09[q0 8U} J0j UXE} W} 8y L

Y 01 O woy
[oAJ} O] )1 O} USXe) auul} 8U) UBY) SS3) St D 0} d WoJ) (9.} 0} 109(00 8Uj Joj usxe} swi syl

" 0} D Wol
[oAL} 0 }1 1O} USXE} SLul) BU} LB} 8J0W S| D 0} d WO [9AEL} 0} 18[00 8U) 10} udde) swl YL

aoue)sip

<

d

d KT

| uBay

z

now- ayy

v

sony) st juswale)s Bumoljo) 2yl JO USIUAN

fomet Y 1e Aeme aouejsip Uleuso B R puno.f ayj siy pue
I s|je} ‘O e Jubiay wnwixew oy} sayoeal ‘i Uo 8310} Beip ueoyiubis yim Jie ybnouy) sjeaes} §| ‘d ulod
aquosap 18 puNoJB 8y} WOl [BJU0ZLIoY 8y} 0} G JO 8|fue ue je n paads ulensd e yim pajoafoid si 1980 Uy



‘0 S1100[qo ayj uo suop Jdomisuayl g
M S1109[q0 oy} uo suop YoMyl Y
£1091100 o9 3snu.ss300.d siy} Bunnp 10800 U} Jnage sjusiusiels Buimo]io SU} JO YOIUM

1881 J8 SeYSIUL) PUE SLEJS }] A O} X WO} J S0UB)SIP B UYBnoiy) SsaAowW 108[qo ay) ‘}nsal e sy

Jos[qo

Q1) Q10 el

Kajj04

S8 ‘b JyBiay e ybnoay) 108lqo 8y} sesies Ajsnosueynwis pue d souejsip e ybnoay)
Mous. Allejuozuoy senow Asjjos} 8y ‘et e Buoje sunl jey Aajjos; e wouy sBuey pm ybiem Jo j0sfqo uy

'n peads uo Bupuadap, ‘¥ 0} D WOy |aA.) 0} }i 10} usYe} sw ay)
UBU} SSO| JO SJOW IO SB SWES U} 8q UED 1 0} d Woyj [oAe) 0} J0afdo au} lojusyerauwmayl @

b



09X09X (0L X 0¥

0Z X .01 X 0G1
. 09 X 09 9
. . 0ZX40LX0FX.0LX0G)
. 4,01 X 0P X 02 q
: 09X 09X 0L X 0G) .

: _ 09X09X0ZX 04 X0F
0L X 0S)

¢auibus ay} Jo Aousioye oy} sjen|eAs [IIm uoissaldxa UdIUA

aa) Jod PN O [any Jo jusjuod Abiaus
Jnoy Jad sauy 0z uopdwnsuod |anj
M3 061 Indino Jamod

119 J0J0W € 10} ulbua |osjed B JO 18] B WOJj UBXE] 81 MOjeq Bjep 8yl |

(b + A 1 14BieM o1 Jo AB1sUS ofjeup| U aseall oUl @

‘b sI A 1e ABisus jepusiod jeuopejresbayl 9

¢l



¢ SpU008s 0g sem g ..o jo porad ay} ji ‘v Jed Jo pouad ay) st jeyp

"B} puooas auy) Joj ulebe g sessed v Jed ‘Isje| SeINUIW { ‘g JBD SONBLISAO Y JED  aw Iy peads
JUE)SUOD B Je SSAOW Way) JO YOBT "W 0g SNIPEJ JO OB} JEINDJID B PUNOJ UNJ 0} }8S SJE SIED £O} OM]
e a : @, i R Wr/.w .f:... : e / : £ , rm § i R 2 2, % -+ s




AR RN

& 4
‘$8210} UOJjoBal UOIIOE 8lE

‘0182 J0 9pn)IUBEeLI B SABY UED 8] LOIOW JEINDJID 8)noaxa 0} Sjoalqo ) Jo-

‘¥ Ajuo si v a1eyds uo Buioe 82010}

‘JUB)SUOD SABMIE 8Je 8/ pue ¥ Jo spnjubew ay L

2je 8] pue ¥ jo spnju

e BB AR

des
pew ayl

18U 8y} ‘uohow sy} Inoybnody

< m O AQ

£1021100 8JE g pue Vf $08[qo uo Buljoe $80.0} 8U} INOGE SjUBWISIEIS BUIMO||0} BY} JO UOIUM

‘RloAndedsal €] pue ¥) aie sb

I
I X
uol}E}0. JO UoHOAlIP !

\
\ v

ainBy ayy ui umoys se X Buls sy} Jo pus sy} Wol Aeme .tz s
" JBJN2J10 [EDILSA B Ul SSAOW YOIYM BuLis e uo pseyoeye ale ‘w'

145

ulis sy} Jo Med Yoes uj suoisud) ey |

‘MOJoq
| g S|lym J SOUB)SIP B je S| Y "uofow
ssew [enba Jo g pue v sassyds om .



—m———————
~.
-

copnyubew 1samo| 8y} aaey yjbuais pley jeuoneyaelB ayj saop juiod Yoium 1y

-
-

P el T
Y

.

fl..\.\\\\\
‘AjoAnoadsal §f pue ¥z

01O Ul SSEW JO 91)U80 UOWILLOD |8y} INOGE SAJOAS) /g PUB jy S8SSeu Jo siels Aleulq om




“mojeq umoys si sebieyd auy} Jo sanuo auyy Bujuiof auy ayy Buole abieyo Ys| ay) wo)
[enuajod o088 auyj Jo UoNHeLeA 8y | "eoeds sal) Ul paoeld ale sabieyd om|

w 0L x69% A w,0Lx629 9 Wwe0l x L9') 8 w,0l x¥9'8 V¥

Ngu0 s,ouny Jo snipes 8y} st jeym

e ‘BY ;201 x 06'} JO SSew e sey yoym saydnr jaueld sy} punose
sjeie sAep ) Jo poliad € yym 3qI0 Jejod Jejnouid B OJUl J8YUB |IM ouny Yelosoeds au) ‘9L0Z 61 120000 U0

oL

2%



i .. Y 1e psoeid abieyo
- @Asod [eopuapi ue o} pasedwiod se ABiaus jehusiod oujosle alow sey d je abieys ealisod vy @

. 'd jiod 0} Y
* Juiod woly sbieyo aAebau e anow 0y Juabe |eulsixa ue Aq sUop &g 0} speau yiom aAjIsod JoN 9

‘d 1e Yibuauis pialy ou3os|e sy} uey) Jabiey si o julod je ybusiis plaly oo 8yl g
J18| 8} SPIEMO} S0I0f JUBYNSA] B aouauadxa ||IIm 4 uiod je psoeld abieyo Auy vy

jeny; si sjuswialels BuImojjo} 8yl 40 YOIUAA

w4

E 3

Ll



73b 4
r4
. 73b v
£,81dnoo au 0} anp anbuo} sy} 4o} uoissaldxa 1091102 8y} s BuIMO|0} 8U} JO UDIUM

plaY 213993
-a1nBl} U} Ul UMOYS Se J yibuaus pialj oUj08[8 JO Plal) 914089 Wioyun e uj pade|d aie 7]

up AjjeaLjose 1461 e Aq pejosuuod b- pue b ebieyo JLos|e Jo sableys om|

8l

¢

-



‘padwep Ajjensn aie
wsu wm:_aw asay] nmcmao S| “_ Lmtm c_mmm $8S0[0 doop m& m_smcm 0} Wajshs mc_aw e asn sloop mEow

R

2A99'0
%620
°A€1°0

Juonisod apnyjdwe sl Woup0XGZ 0 SOUBSIP B JE SI } USUM 04 Jo swia} Ut ‘AIO0IOA S} S JeUAN

ox apnjijdwe ue pue 04 AJ00jaA WNWiXew e sey uopow ojuow.ey ajdwis u) Buinow 108(qo uy




Jaddoo jo Ayoeded jeay ouyoads
llo j0 Ayoedeo jeay oyoeds

6Cy =

Jaddoo jo Aysusp
llo jo Aysusp

oLL'o=

‘JoUIBJU0D By} pue sBuIpuNoLINS By} YIm
JoJSUBl) Jeay ou awnssy ‘wnuqiinbe [euusy) je ainjesadwa) sy} sjelnojed ‘Mojaq sofes sy} Buisn

"0, 02 1e Ajjeniul sem Jeu) yjeq |10 ue ul pejood si 3, 005 ¥e %00Iq Jaddod v

Alienjusne dojs e 0} W0 [IM ING ‘YHO pue 3oeq Buims [|Im Joop sy L
‘Bue||ioso Jnoypm nys Buims o3 swyy Buol e eye) [im Joop 3y L

‘aw) BuO| B 10} YMOj PUB HoBg Buims 0} 8nujUod |jiM JOOP 8y |

< O O 0

‘Bune;ioso Jnoym jnys Bums Apioinb Jim Joop ey

¢pauado si Joop
uaddey [im Buimoy|oy au Jo yoium ‘Joop ayj uj Buidwep jeanuo sasned pasn punds ay 4

0¢



‘Buuys e Buoye ybu

%EL Q %cl O %1

%8'C 84

, i ¢ sooned seb sy jo paads ‘s'w'l 8y} ul
109} _o_a,_wc_x, mmmsoc_ abejusotad ayy st JBUM Do G0 03 Do |'ZE W) pasiel s seb [eap) ue jo ainjesadwa) ay |

3.91¥ @ 0.09L O O, ¥0L 4 .9V V

; . _ daddoo jo swnjor
4 : - 00k= yjeq |10 JO swnjon

44



‘s19)|l} pIoJejod om} ybnoayy Buissed Jybyj pasiejodun Ajjeniul jo wead e smoys wesbelp syl ¢

- uopese|

‘WNWIXBW B S| Y pue d JO uolesa|adoe ay|
-onauly AjaJjue si g pue 4 jo ABisus syl 9
‘spiemdn Buinow sie gpuep ylog 4

‘g uey) Jaybly s1 D Jo peeds 8yL v

41091102 S| JuBISUI S1Y} Je BuLs au) JO SJUBWIB|3 JO LYo B} JNO]E JUSLLBJE]S LDIUM

Bums ey N
Buoje souejslp s

\

d usweoeldsip



6 d
LB auy uo piote|od ay) wouly Bulbiaws jybi 8y} ul INooo AJsusiul JO BwiXew AUBW MOH

‘spaads [enba je aue|d UMO J1BY) Ul suonidalIp a)Isoddo ul
,09€ YBnoy) pajejos mou aJe sisyly om) 8y "paublie Ajleniur aue sis)|ly asay) Jo sexe Bupiwsues sy |

¢ piolejod

| plosejod

\ Sy petmpr et

By
pasiiejodun

€c



ianuy s Bunesb ay) Aq paonpoud ussjied uonoe.yIP 8Y) INOGe SjusLWa)e)s BUIMO||04 8U} JO YDIUA

*.9'82-40 8|BuE Ue Je PaAISS]O
j§id s uonoeyyp Jepio jsuy pue Bunelt uonoeyyp e uo Ajewuou Juspioul S| Wbl onewoIyIoUoN

‘SUBIPEJ 1L JO SOUBJBIP aseyd B SABY SSABM JO $80IN0S OM} 8YL

a

‘W Z Jo YIBUSBABM JE|ILUIS B SABY SOABM JO $90IN0S OM} 8YL 9
‘apnyjjdwe swes sy} 9ABY SOABM JO S80IN0S oM} 8yl g
"JUS18Y00 Bl SOABM JO S82Inosomiayl v

,SOABM JO S80IN0S OM} 8U} Jnoge as{e} S| Sjuslajels BuIMoj|o}
8y} JO UDIYM "D Julod 0} senow )i usym Aysusiul wnuiuiw Apesis Jxau sy slejsibal Jojosjep
swes ayj ‘Aususiul snem wnuwiuiw Apes)s e sisjsibal d je J0jos)ep e '2g pue +g woy juesipinbg

o w

R R R k) Nm
“n -

we

\
A
I

®'s
"] AlsUB)uUI JO SOABM SJIWS 80IN0S
W[ yoes ‘AlenpiAipu]  *mojeq aJnbll 8y} Ul UMOYS SB Pajenyis ale g pue 'S ‘SSABM JO S8DIN0S OM [

14



U005 a [OR%e) 00804 ooroo Vv

susuodwios siy} J0 8oUB)SISal (B0 BU} S JBUAN

T2k
o £q sebueyo sielues abieys suyy jo ABl1aus au) ‘swn siy) Ul ‘pue ‘s G| | juauodwod siy} ybnouy) erow
551 0} SJo1LIED 961D 10§ UBHE} BW} BY L ‘A 0T S! JusUOdWod BOL}08|8 Ue SS0JOE Souasaylp enualod ay L

{1es

_ "U88.9s 8y} Uo
pawLIo) BLIIXEW AJSUSIUL / JO [e]0) B S| S18y) pue ,z'¢/ B PaAIasqo S| aBew Jopio puodss eyl @

_ "U9a10s 8y} uo
' pauio) BwiXEW AYISUBiUl G JO €10} B S| 8L} PUE ,Z'E/ Je POAISS]O S| afew) 1epIo puodss 8yl 9

'uS8I9S 3Yj UO
© pawuoy} ewixew Ajsusiul G JO [e]0) B S| 818y} pUB ,2° /G Je panlasqo s| abetul Japio puodss syl g

_ : ‘U9aJos 8y} uo
~ pauwioy ewixew Aysuaiul € Jo [B10) B S| 219U} PUE ,Z°/G Je PaAISsqo S| oBewl JopIo puodss 8yl Y

_ g2



. (ispwwe ay) AQ painsesw juaiino
‘aUy) YIm seleA Jejawijon ay) Aq painsesw (‘prd) souaisyip jenusiod sy} moy smoys ydesb yoyp

‘anjeA WNWIXeW s)i 0} 018z Wolj pabueyd S| J0}s|sal d|qeLBA S} JO 8dUBJSISal 8Y |

AOL

10}S1S84 9|gjelIeA BU} SSOJOB PBjOBUU0D S J8JSLW}OA soue)sisal-ybiy
"JOjoUILE Ue UM Sal1as Ul st AJeReq A 0L V




1>
m|&: 10 oljed 8y} sjuesaidal uoissaldxa Buimoi|o) 8U} JO YIIYM

°

T
=]

q

o)

‘Kjonnoadsa
‘fiddns Jamod e 0} psjosuuod

a 0

uaund o Jua1Nnd
0

L

o

1€/ pue 2 '] ale s10)sIS81 888U} JO Yoes ybnoly) Buimoy sjualind

mm UCW NN.H\

‘'hy Sl0}s|S81 PaXl) BBIY} SMOYS wesbeip ¥NoJI0 8y

0 usund 0 usund 0

0 0

0 <

.U.Q




0¢

7 0% YW /s

09

: Log

‘MO[Sq UMOUS 818 D) PUE d S)USUOdWOO [BOLIOB]S OM) JO SOSLIBIOBIEBLD A/ SYL ¢

8¢



m B.HE 20IM) Ajejewxoldde si
‘d 10 18Y) 921m) sAemje s1 O ybnouy) pajedissip Jemod syl YW 0’2V 9
L uew sse! skem D JO 8douE)sISal
| UBU) SSO) SAEME 8! - |0 eougjsisal opelsyl g

‘dure| Juswe| e s D pue Jojsisalesi d Y

£108.1100 S1 JUBLISIEIS UDIYM

6¢



ebed ay} joInO Q@ afed ayj o o Qo spiemol g ay spiemol v

s £0o pue gy wol juejsipinba si yoiym ‘X juiod je
plalj onouBeW BU} SI UCKOBIIP JEUAN ‘EY Ul SUOIIOBS U} JO Jey So1m} SI 0D Ul Mol uojoud Jo jel sy

suojoud
qQ . < o
. X
g < v
su04)08|8

‘JaY}0 yoes o) |9|iesed aie 0O Ui suojoid JO INO SpELW Jayjoue pue Gy Ul SUOLOS|8 JO Weaq Yy ¢




: "MO}aq WeIB.Ip 84} Ul UMOYS Se SpoIp B pue 80Jn0s DY [EPIOSNUIS & 0} PajOSUUOD PIOUd|OS
6jdxa & punode pauofisod s} ging 1ybi| Jemod mo| B 0} pajoBULD M Jo doo] Jejnould e Buluejuod JNdlId v

0} Jejnoipuadiad ‘ay ull spiemo} Bunuiod S| g pUB g Sa4M 0} 8np 3 S.IM UO 8210} JUBYNSSL BY L
,_8 Jenoipuadiad ‘qy aull spsemo) Buuiod si Q pue v SaJim 0} 8np 3 aJIM UO 8910} Jueynsal mn,_._.<_. 9
: MS Jenoipuadiad ‘Qy Sul| SPIEMO) mc_y.c_oa S| O PUB g S@J1M 0} 8NP J 8JiM UO 8910} Juejnsal mm__M g
| Jejnoipuadiad ‘qy aul| SpJemo} Bunurod s pue 9 ‘g ‘v S8m 0} 8np 3 8JIM UO 8210} Em«_swmm_w.;n.vm v

£ 0lIBUSOS BA0qE 8y} SaqLI0sap A|10a.i00u] sjuaLualels Bulmo|jof 8y} 40 YdIUM

=

1 }uaung Apeass
e ‘mojeq Emam_n_ 8y} Ui umoys se pabuelie ale saum |ojjesed pue Jyblens an4

33



‘g "Bi4 8y} Ag umoys se awif} Yum saLiena df jusund Arewpd sy |lod
v "B ul umoys se Jeq uoJ jyos e Ag payul| aJe sjloo oM ¢

pIoua|os ay) ul xnjj oneubew Aue buonpoid
snyj pue BuImo)) Wwoj JusLIND sjuaasid apolp ay) asnesaq dn jybil Jou ssop qing bl syl A

. VT EN/ RS TRIIET =T
jou saop dooj auy ybno.yy abexul xnjj onaubew sy asnesaq dn Jyby jou saop qing bl eyl 9

.

) _ '910ho A1ens uonoallp
sy sesionas doo| ey} ybBnolyy abexul| xnjy onaubew syy 8snesaq dn syybl qing bl syl 8

-} yum saen dooj sy ybBnouyy sbexuy xny onsubew ay) esnesaeq dn syl aing by sy v

¢anJ) | sjustuslels BuIMO]|o) au} O YIIYM

o ——

ce



awp

0] anp (109 A1BPUODBS B} Ul JUBLIND B 80NPU (1M )]

N~ - h

aw

.m«\\' Q
g ok

N

m<> q

‘me] s Aepeleg o0} Buipioooe ‘(100 Arepuooss auy ui sabexul xnj onsubew BuiBueyos sy)
‘sabueys 100 Arewd sy} Ul Jusiind ay) sy

g :damsuy

awyp Y 4

N
o

m<>

awy g 4

m<>

v

&AWl UM

o avp 1100 A1epuooas ey} $$0408 8BE)OA BU) JO UONELIBA BU) Sjuasaidal sayojeNs BUIMO||o) aY) JO UDIUAA

awn

g ‘b4

N

1eq
uon yos

€e

a v

L]

v ‘614

89n08
usuny

Al

109 Atepuoses

noa Aewpd



jnoge sjuswajels Buimoyio} auy

MEeY0 D M8Z0 8 MEBO0 V

ZJojsisal ay) Ut pajedissip Jemod Bujeay sbessae ayj st 1BUAA

. O-”l

s/oum g ¢ ¢ @ l

™~

pd

/A 7 1indino abeyjon

‘mojaq ydesh ay} uo umoys se A 0'c —

‘0] A\ 0°Z Wodj salieA jeyy indino abejjon e yim Alddns Jemod Oy Ue o0} pajosuuod S| J0isisal U 02 V
2} 0} +} pouad swn)
- Buunp 8njeA 0192Z-UOU JUEISUOD B 84 [|IM [100 A1Bpu0D8s 8u) Ul Jwie paonpul 8y} ‘aAoqe diysuone|as
- au) 0y Buipiodoe ‘aiojalay] ‘(2100 uod Yos ayl Aq psull se 100 Atepuodes pue) Atewnd sy ul
abeyuy| xnjj onaubew ay) jim os ‘2 0) 1 wody Aluesul| sebueyd 10o Arewiid sy up JusLINd 8y} aduUlS

ve



Wee-0L x 2L A Wge-01L x 606 O WeeOl x¥C'L & Wee-0L x 606 V

Juonisod )l J0 Aureuaoun WiNWIUIW Y} S JeYAA

B 0'gg Jo sseuw e sey |jeq siuus) abelane ue

_ ‘Bulisuuny wnjuenb Butobispun si 31 jeY; papirosd ‘sanow )|
‘usym yibusjenem pajeloosse ue aaey (m ajoiued A1aAs jey) sisabbns Ajjenp soiped-anem syl Q

‘abJeyo o1az-uou e aney Asy) jey) papiroid ‘serow
‘usym yjbusianem pajeloosse ue aney |iIm ajoiued Aians jey) sysebbns Ayjenp sjoiued-aaem sy 9
: ‘JOU JO SSEeW B sey )| Jayjeym Jo ssajpiebas ‘sanow )|
- uaym yjbusierem pajeloosse Ue aney |m ajoied Aiane jey) sisebbns Ayenp sjoied-enem syl g

g '92|S U} jwolegns s) )i 1ey) papiaoid ‘seaow i
“usym yibusjanem pajeloosse ue aney [m spied Aieas ey sisebbns Ayjenp spoiued-anem sy v

ge




_m_tmn _m_E&oa ay) uo Em,.,n_oc_ mo_u_twa ay) v__o ABisus uﬁ m:_mmeomo a

Jauleq [enusjod ay) je sseuw Jajjews e jo sojoiued Bugooys 9
Jauueq [enyuajod sy} jo ybiay sy Buiseasou| g
Jalieq [enusiod sy} Jo Yipim ay) Buiseasou| v




_ gRITR-
JO 80JN0S [BUISIXS BUj} JO [BUILLIS) AIleBaU 8y} 0} Pajoauu0d si 8potp 8y} Jo [eusiew adAi-u syl

‘[enuajod uonoun( sy} sesoddo *J'w'a Jo 0IN0OS [BUIBIXS Y} WO douasayIp jenusiod paljdde ay |

J0)0npuoslwes adA)-d auy o} Ajipes)s ss010 {|Im J0JoNpuodIWes 8dA}-U 8y} Ul SUO0JIO9|3

< O O O

‘plol) OLI08]8 [BUIB)XS 8Y) 0} anp uojjoun( u-d sy} woly KemMe aAOW [|ImM S3|OH

A ‘a)e)s
- fBisua Jamo| B Je SWOJe JO Jaquinu ay) spasoxs ajels ABiaus Jaybiy e je swoje jo Jsquinu syl a
e ‘ale)s
“. . KBisus JayBly e je SWOJE JO JaqINU 8y} SPasdXa S)els ABJaus Jamoj & e sWoje JO Jaquinu ayl 9
‘uojoyd e sjwe pue ajeys punolb ay) o} uonisuel) e seofispun sjels pajioxs ue ul woye uy g

‘pouad 18BUO| B 10} 8)e1S B 4oNs Ul ABJS 0} 8|ge SJe suoJoslg Y

;uoisienu; uoneindod jo Buiuesil sy} saquosap 1s8q Bumo]|0} B} JO USIYM

1€




(apljonu auyj Jo aylj-jley ayewixoidde ay) sl JBUM

"1-S o0 JO JUBlSU0D AeDap B Skey apl|onu aAloeoipes pasedald Aimau v (

snajonu pjob

o

\ -
- -

¢yred sy} Juesaudal pinoo wesbep YoIyan

woje pjob e jo snajonu sy splemo) pady ale ssifisus jenba yum sepoiued eydie om| @

8E



Yuow | @
yesm L D
fep| g
mnoyi, v

6e






