Q1-Q15: Lecture multiple choice — Fill in the correct answer on your bubble sheet.

SI prefixes: k= 10° c=1072 m=1073 n=10° n=10"

1. [4pts] Alight wave moves from a relatively slow medium into a relatively fast medium. Which of
the following best describes the changes that occur to the wavelength and frequency of light upon
entering the faster medium?

A. Frequency increases. ~ Wavelength increases. F‘\Ut M\{\(l‘S Ao fe tvnivad b)

. Frequency increases. = Wavelength decreases. 5(\'\9\- <ol

B
C. Frequency decreases. Wavelength increases.
D. Frequency decreases. Wavelength decreases. '77 ’?f@%, 5 Cav\s\vw\“\ ’

ne of these are completely correct.

2. |4 pts] A two-slit interference experiment is conducted involving light of wavelength 555 nm and a
mask containing two very narrow slits separated by 0.10 mm. (SI prefixes are given at the top of this
page.) The distance between the 3™ dark spot to the left of center all the way to the 3™ dark spot to the

ww\i&\\_—j\

What is the distance from the mask to the screen? 'S/ Mo VTP

A. 15m \H%WM, SV\MM OW@@/ Jrﬁ/‘\f\ c\wect

@1.2m OKSSuW\P\\o{\ 0\‘( end.
C. 31m 3 L>\W\ we 2.5 e 3o &am‘(/spﬂ

D. 43 m d

E. None of these are correct. ? \/- 32‘ a (@.05 N)K@.]X’I{jgwa
_ - - o T
X295 25x555:40" o
2\ wm
— 2. wW

Swadd ombbx S ")us\'r?‘xai. . 3LL4 L

right of center is measured to be 6.0 cm.

Phys 116A — Summer 2025 1 Midterm 2, Aug 7, 2025



\ v
3. [4 pts] Blue light (Zoie = 470 nm) and violet light 4 o //\ ®4 P
(Aviotet = 390 nm) pass through a diffraction > S e »

grating with line density 800 lines/mm. The
diagram at right shows bright spots on a very

wide screen that is 3.0 m away.

CENTER Violet Violet
Blue Blue

What is the unknown distance labeled on the

(Not to scale)

diagram?

A. 094m d1s o gw\a,\\\ (ot Sevely assuin svel 4 m&
B. 0.99m e\ w>
c 1om > d-swO= Wy = O = ate _OR/> “QC(S\“( 145" w / %00

@2.4 m

- 2%.6° (0ol I'\

E. 8.0m igz \/'AVOW\E}
— %_O w\\ AVO\\!\(% %'605 -2 Y W\

4. [4 pts] Light of wavelength 600 nm travels from air (» = 1.00) and strikes a thin film of material

(n=1.20) that sits atop a much thicker material (n = 1.60). What is the smallest non-zero thickness of

the thin material that would produce minimum reflection due to destructive interference?

- 126 f.co -
@125nm V\—Y

150 nm U @
250 nm [

300 nm

m o 0w

500 nm
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5. [4 pts] A circular, thin film of soapy water

(n=1.33) is oriented vertically. Gravity acts 1 dark
downward so the film is very thin at the top (i.e., 1 bright
essentially zero thickness. Air (n = 1.00) is on 2nd dark
either side of the film. 2" bright

The diagram at right shows dark and bright bands
of light caused by reflection of light from the film
using light of wavelength 511 nm.

What is the thickness of the soap film at the 2" bright band counting from the top?

O | s e =t o=l

A. 192 nm c 1 [N ®
288 nm et (A \ =
W _
384 nmo =) S ¢ Z» > (\N‘:j &:M a
D. 576 nm W 274 b >

E. 1020 nm “-57 JO _ %x%—"\ —~
2*\25

= Z%% WWA

6. [4 pts] Suppose you are looking at the central diffraction maximum on a screen that is caused by
monochromatic light going through a single slit. If the frequency of light is increased and no other
changes are made to the physical setup, what happens to the width of the central diffraction

A. The width increases. v = N\WC CET AW
he width decreases. > cé\\/\@ - \/V\>\ | >\&/ = o) \\}

. The width remains the same.

maximum?

= AN Qo cnesse e

D. None of these are correct. —
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7. [4 pts] A light bulb is located 2.0 m from the surface of a mirror. A Bulb
camera is located 4.0 m from the surface of the mirror and is viewing O T

the image of the bulb due to the mirror. The camera can only see the
image of the bulb, not the bulb itself. The distance between the bulb

and camera that is parallel to the mirror is given in the diagram. The 5.0m

mirror is 100% efficient at reflecting light. TJ\L_/

If the power output of the bulb is 100 W, what is the intensity of light Mi = ‘
irror '

from the image as measured by the camera?

_—— Camera
Didene ¢ = W = (G * (W = {6t
A. 0.066 W/m?
B. 0.072 W/m? P 100W 100 W 04BN
— _ _ =015 =
0.13 W/m? 1= N - f(?—” T Gl W "
. 1.03 W/m? t

E. None of these are correct

V\ag\\/\ 9’0\ =N\ y S\\’\Qb

8. [4 pts] Light enters a transparent medium (n = 1.7)
from air (n = 1.0), as shown. The dashed line
represents the path that light would take without the
medium present. If the vertical height of the medium
is 1.5 cm, determine the unknown distance in the
diagram labeled with a *?” mark.

A. 0.60 cm e wWant LO_L—1
B. 0.89 cm

cottem Lo = Sew) dem G6° = 2.5 e

E. 2.1cm R _ ] }
L't ) ('\l\CVAS-{W/\Q] < U§CV\\ JCO'V\%‘FCS]V\( LO;S—;\[”O >]

T 0.8%8% e
D Lol L Fewm
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9. [4 pts] An object is placed 15 cm from an unknown type of thin lens.

from the object (not from the lens!). What is the focal length of the lenS?——" 19~ ——%

A.

oS 0w

+38 cm L O 0\5\ /\ (o
—25cm _p < é * é‘\ / * %/ﬁ Z";cv\:4
-12 cm ‘ 15w

Fllem ;7 e 1 \ = 457% cor =AY cn

— A

@9.4 cm S 5% (o

10. [4 pts] An object is placed 15 cm from a diverging lens. The distance from the lens to the image, as
measured by a ruler, is 10 cm. What is the focal length of the lens?

O\f)\ N

A. —15cm

+6.0 cm & 10w

. T18 cm
“— |5 e

D.) 30 cm
-20 cm
1 LY
o7 gy
1(1 \ _ _/"—~ — —%O C W
= — L L - __1/. +_/(—\
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11. [4 pts] The near point of your eye is 60 cm. You want to wear glasses so that the near point of your

eye becomes 40 cm. What is the refractive power of glasses that you should wear?

Wit gkf’“@%’ Qﬁ_%
ay

t

O.83D
B. -0.83D -
C. 17D wlo 4l -~ {
0 ) _ L
D. -17D Jrseast 7, = < '
Wk ot
E. 19D |
- —
0.60w
2 R 7 e e
3 M0 wm 0.0m

SIS S
I |
0 4
HO m
i
S/
¢ ,Y)

S

0.%%

12. [4 pts] You purchase a magnifying glass that claims its “magnification” is 2.5X. If this magnifying

glass is used to form an image of an object that is infinitely far away, what is the image distance?

0.025 m

F

0.063 m 1 \

T %

c

0.050 m

g

A.
B.
C. [
~
D. 0.075m S

@O.IOm

+
P

_ 025 w @Q:

{

—

S/

0.
T 2.5

> ¢ = Lcz0lm

13. [4 pts] You purchase a standard microscope. The manufacturer claims its “objective power” is 20X.

What is the focal length of the objective lens?

.0 mm (COO M WA
- /
B. 20 mm e "P
C. 80
o _ | O waw
D. 100 mm - e
20

E. 160 mm
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14. [4 pts] Amazingly, it is possible for the human eye to detect infrared light! It can occur when two
separate infrared photons strike a photoreceptor at the same time. Our eye and brain interpret this
occurrence as a single photon with energy equal to the sum of the energies of the two separate
photons.

Suppose that two such infrared photons of wavelengths 900 nm and 1300 nm strike your eye and you
can see a flash of light. What is the wavelength that your brain perceives this ‘single’ photon?
A. 400 nm ’E >E \f\c_ _ \(\C ,\_\/\(,'

>\ ‘{\Qw >‘\NzwJ >\ ( >&z,

B. 495 nm

C. )530 nm 1)
Quoollm =7 }W\”t() 33 = BM,% we A TZ20 wwr

E. 2100 nm

15. [4 pts] In a photoelectric effect experiment, you shine light of wavelength 200 nm on a metal. The
maximum kinetic energy of the electrons that are ejected is 2.0 eV.

What wavelength of photons can you shine on the metal and still eject photons?

= | 2ZH0 N o _
@ Any wavelength smaller than 295 nm Ep\&vx y Z,O(;‘ o 6.20 <V

Any wavelength la%r than 295 nm - (o — 2.0 e\

T 420N
Any wavelength smaller than 620 nm
Epvlen? Bot 4 =420eV4 “\L > W 4225 nen
. Any wavelength la%r than 620 nm

R\\ Sudans il pecene m SN OV TR ree oI

.\\l\&\(:\\@ﬂx Xf\ﬂ\)r J(\NL ?\‘\A‘UQ\OC\((‘\L q&&ed- \/Qd,&& \/\Cj\" \GQ—/CCKNJ\NUQ:

o = K
Any wavelength lal%r than 310 nm o 4

O 0w
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Q16—Q20: Lecture free-response — Unless otherwise noted, explain your reasoning or show
your work.

16. [4 pts] You shine light of wavelength 520 nm on a diffraction grating that has a total of 4000 lines
across its length of 2.0 cm. How many bright spots will be produced on a semicircular screen? Show

your work. DO e 0.02m A
\L\A\SC(CQ\!\)( 3\"\' e A\-—__ /Lto—o(p/:LtOoo = 5x0 wm
Fund ot order ' o A =k it @:go°
W\hd%)“g - b)xl(p N R S [ )
52040 wm  7*°

H\‘\’)M '\V\\Q- AT W\:Q\ —_:> W\:O) 1) Z/)q = \’F.Za( :‘YC‘ s

17. [4 pts] Suppose you have two different transparent materials that are in contact. Material 1 has index
of refraction n; = 1.4 and material 2 has index of refraction n, = 1.6. Describe carefully and
completely the requirements for total internal reflection to occur at the boundary between these two
media. In particular, you should describe (a) in what direction the light ray should travel (from
medium 1 to 2 or from medium 2 to 1) as well as (b) any numerical requirement on the incident

angle.

NPT

TTR (%0 0,50¢) so Nz L6
WSy Ao Yo &\u\‘ww\ 7 Yo ﬂ slow

(,\9> \“\C\&\U\}\ O\V%QX, ©; W\us\‘\a\QJ At o~ C:>W Proan

U‘l il

2 o V\%QL@W s O =g

Z%\V\SC’ = V\,\S\V\ |
=2 O. < ach‘w\(%\ =]
=216 2010
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18. [4 pts] The diagram below shows two rays of light that leave an object (a very small bulb) and reflect
from a converging (concave) mirror. Use your knowledge of image formation and ray diagrams to
label the focal point of the mirror somewhere along the optical axis. Use ray diagrams, not the
thin-lens equation. Make sure your drawing is clear, including any backtracking you have done. No

explanation is necessary.

19. [4 pts] In this problem, all lenses are oriented along and perpendicular to the optical axis, which we

will take to be the x-axis.
An object is located at x = 0. A converging lens with focal length 5.0 cm is located at x = 15.0 cm. A

second converging lens with focal length 2.0 cm is located at x = 25.0 cm. What is the location xfina of
the final image produced by the second lens? Show your work using the thin-lens equation. Ensure
your final answer uses the indicated coordinate system.

ey , e

—

_ |
‘P| S‘*
= y Lo X=1S cm x4
"/75|‘:\/(§t\m ’|<(v-\\

< 7.@(% (/v\’\‘\c\\\g. m/‘\/ X © l'—/) (WA ¥ 7.Gcum =22.5 cw

S/ X;l(’ ) \J 7}(

\

\ 2.
W&Z& Xz 228w a5 locedtone O’Q O\wa . TWe locadTan

\!\—0(% av O\DS &C& ATS\“S\\I\UZ_— SL = lzq A\ — 2‘2,? c,w\ = 2.&%— [

| L ( 1 {
{‘—7’ B 5L+ ng = S, = 1 /(ch\ B ZSCW> = lo <) e

15 OU!V \OC_&Q‘\-\(C\/\ X'Z - (ch_uv\'\' [O C\J\-A-: )%q v
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All students will receive full credit on this problem since one resource
online mentioned that photoelectric effect would not be tested.

20. [4 pts] You are conducting a photoelectric effect experiment. You shine monochromatic light on a
metal and observe electrons being ejected. Suppose you were to double the intensity of the light that
falls on the metal. Would the following quantities increase, decrease, or remain the same? Explain

briefly.
(a) [2 pts] The maximum kinetic energy of each ejected photon
K‘N\oq( = ‘/Q"\‘\"\"“ - E
\\/\mﬁu&m6 w\\veug\\s e CMonga_ Qg p\m&w Sy
ecd\n, P\u‘w\;\ = S 7 Y we avde Lorte Fonclion So

o, S0 W ﬁww%wq |

(b) [2 pts] The number of electrons ejected each second.

Sk ivgpr atengiiy S WO ?\I\Q*w% Rer ¢ c
T ik v
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All students will receive full credit on this problem since one resource online mentioned that photoelectric effect would not be tested.


Note: In the diagrams representing interference patterns below, lines of maximum constructive
interference are represented by solid lines and nodal lines are represented by dashed lines.

In Experiment 1, a periodic wave is generated by a dowel in a big

tank of water. The diagram at right shows the crests of the d
periodic wave incident on a mask with two very narrow slits. mask I —— —

21. [4 pts] Determine the distance between the slits, d, in terms of
the wavelength A. Briefly explain.

The distance between two consecutive crests of the periodic

wave is the wavelength A. Therefore, the wavelength equals crest =~
3 units (measured in terms of the length of the side of the

square).

Since the distance between the slits is 5 units, the distance in I direction of propagation
) 5
terms of Ais d = EA.

22. [4 pts] Sketch the approximate locations of all the lines of maximum % 02
constructive interference (solid) and nodal lines (dashed) in the region a \
of the tank far away from the slits (the unshaded region in the box at v
right). You need not calculate angles. Explain briefly. '

3
Since ADyorizontal 1S the maximum possible difference in distance, and 2|~ v

ADporizontar = d = gl (~1.671), the lines corresponding to

AD = 0A,AD = A represent lines of maximum constructive T_T

interference and dashed lines corresponding to AD = % and AD = 37/1 2 slits

) . 5 3 31 )
represent nodal lines. Since d = 5/1 > 5/1, the Y nodal line does not

appear on the line connecting the two sources.

In Experiment 2, two point sources generate periodic waves by tapping the Pattern for Experiment 2
surface of the water with the frequency f;. The diagram at right shows an
interference pattern for Experiment 2 in the region far away from the sources

(unshaded). The propagation speed of the waves is v;.

23. [4 pts] Determine the source separation, d, in terms of the wavelength A.
If an exact value cannot be determined, give the smallest range into
which d must fall. Explain.

The diagram shows the 04, A, 24 and 3 antinodal lines and the

0.54, 1.52, and the 2.5, nodal lines. The 31 antinodal line is formed
along the line that connects the two sources, and since ADyorizontal = 2 sources
d, we can conclude that the source separation is equal to 3.




24.

25.

[4 pts] A single change is made to Experiment 2. As a result, the
interference pattern is changed, as shown at right. Could
increasing the frequency of the sources result in the change in the
interference pattern? Explain.

In the previous question, we concluded that d = 3. After the
modification, the 21" occurs along the line connecting the two
sources. We can thus conclude d = 22'. Therefore ' must be
greater than A (' = d /2, while A = d/3). An increase in
wavelength is consistent with a decrease in frequency (we can
assume the wave speed remains the same). This means that an
increase in frequency could not have caused the change in the
interference pattern.

[4 pts] A mask with a semi-circular aperture
is placed between a bulb in the shape of the
number 4. Draw the image that would be
produced on the screen in a darkened room
when the bulb is turned on. No explanation

After modification

\/

2 sources

Screen

required. v

Correct image is shown below.

v




This page intentionally left blank.



é%::m = Nim =4
T T
n+x=41
Nsd\ — _xmac_

3—\ — _xmgﬁx_
(fug)sooy,(Jur)— = (D'
Mfrg)usyfuz— = ()%
(1fug)sooy = (9)x

s\iutNu%Nue
Loy
-

xXy— = xﬁwctam.mv

Y _a
Aq
Qpus L =1
aw=d
Aybw = 3y
(3 = #)1; = *nv
NQSMHVN
1 v
N~....~”|”|” Q
M HV
M= HV
§s0pd =ply=m
buw = m
HN@' A .A@S — ....NN

xv*og + ;(*a) = J(%a)
N“cm +2'(*a) + x =
7D + 1(*a) = (*a)

INHS ul Aduaus |eajueyoas|n
UOI1BJ3|220B XBW IAHS
A1D0|aA Xew |AHS

INHS Ul uoI1eJa|a20y

INHS Ul A}o0[aA

IANIHS Ul Uo1ISod

Adusnbauj sen3uy

Aduanbau4
SUOI1E[|19S0

MET S, 9300H

9INssald
anbuio|

WNIUSWOIN

A3J43Us |eljualod [euoiieliAelo

A3J3us |einualod 211se|3

A3J43ud 2118Uny

JaMod
A813u3 Jo uoI1eAIaSUO)

92J0J 1UBISUOD B 01 NP YJOM
Y3IM

SMET] S,UOIM3IN

(v "|922€ "3SUOD) SoIIRWBULY

GTT pue $TT Woldj suoienby

€
NL‘..R* =V .M.L.NNW = A

(Cv/V);sumr =9 Gy + w_\\ =y

puisy = “y ‘gsooy =y

ASTQQ0 = Wal |
A9 100 =peIT
3
A319u9 paglosqe moqoo.ﬂ =4An7]
s/Aedap 1 =bg1
bg,,0T X LE€=1D1T
8,, 0T X 92£9'T = “w
M1 0T X ¥60T'6 = "W
22/ NN 67’ 1€6 =
3,,_0T X S099T=nT
De1_0T X 9T =2
[(1_0T X 9T =A3T
S A9 0T X THI¥ =Y
S [,e_0T X 9299 =Y
V/No_0T X971 = o1f
W N/zD77_0T X588 =03
S/Wg0T X 00°E =2
U/ Mz 0T X T =9
Or-ow)/[1g8=93YN =¥
A/[g,_ 01T X 8E'T = 8y
S/W3T=NT
S/wog6="0

wexJ |eul

aJayds

B JO B3JE 32BJINS 13 SWN|OA
SIXe-x 0} 9AI}e|3J

7 JO uoi1daJ1p pue apniude|n
wCopum; ag e 4o syusuodwod

solnewayie |

S1DAIS pue way
AeJog pue pey

AeJo

|[94anbaag

E10lale)

uoloJd Jo sse|p
U0J123|3 JO SSeN

Jun ssew 2]Woly
934eyd Aleluswal3
}|OA U0J1D3|3

JUBISUOD S ydueld

92eds 994} Jo AlljIgeswad

92eds 994} JO ALAIRIWISY

1431| Jo paads

AlISUS1UI PUNOS WNWIUIIA

JUBISUOD SeD

1UBISUOD S, UuBWZ1|0g

UOIM3N

UOI1eJ3|9D08 ||B-93.4
S1UBISUO)

‘199yg uonenb3 ‘97T sAyd



C+ D=

Aduanbauj uone||12so

|8 = Y| =Y Aauanbauy 1eag
[4 _ (9A132N43S9P)
4 AM + Ev =PV 90U3JaJIP Y18ud| Yied
(aA119NnJ35U0D)
yu = pv 9dUBJIBYIP Y13ud| yied
(AR « w w w
geET=wWw "—= = Y
ﬁ\ﬁu 14
Hu= AMVE =" adid pasoja-uadp
(Ot _ « w — w _w
eI =uw ==Y
. 12 e :w adid paso|a-paso|d
Ju = AMVE =" Jo uado-uadQ
(Ot — « w _ w _—w
eel=u —=om=Y
qmqm 14
Yw = Aﬂvs =1 guls e up
20UoJal4alu| pUue SoABM mr:_ocmpm
a»0a10) —3YzF = Jv
04 u01303|434 103[qo SuIrO|A
a _ _
s Aﬂ + ﬁv =Y JaAJ35q0 SUINOIN
[ 92JNn0S SUINO|N
0
1 01g
— o] =
A~v [(apon) g [9A3] AlIsua1u| punos
D
—_— N
d A1lsuaiul punosg
UIA|DY
L7+ =1 01 SNIS|9D) WOJ} UOISIAUOD

(

— bunos,
LYyA
w — punos,
L8y
T/w=r1
m — Sulns,
L
Jr=a
WEN F WENV sy = (2%)4
2 x

pbw
I
I

pbw

1/3-9V = ()

sed ul punos jo paadsg
AjIsuap ssew Jeau]

3u1J1S B UO 2ABM B JO paads
S9ABM [BPIOSNUIS O paads

uollounj aAeM |eplosnuls
punos pue ssaABAN

adojaaua spnyljdwy
uole||19sQ padweq

wn|npuad |eaisAyd Jo poliad

wnjnpuad [ea1sAyd Jo "bau4

wnjnpuad ajdwis Jo pollad
wnnpuad sjdwis jo "bau4

3uluds e uo sse|A JO polIad

3uluds e uo sse|p Jo "bau4
poliad pue Adusnbali4

wex3 [eulq 19ays uolienb3 ‘9TT sAyd



adew ydudn Joj g < w

uonpaIflubo

JOLITW X9AUOJ JO SU9[ 9ABIUO0D ‘0> ..\

JOLITW 9ABIUOI J0 SUI[ X9AUO0D ‘0< ..\

adew [enylia 10 ‘g > ,S
adewr [eal110j‘Q < ,S
sfemie () < S

u< u .A|v p_uIs = %9

tu
Cguis tu = tguis 'u
M=1Y
§=S

yibuaj |p204

abouwiy

122l90
:SU0IUANU0I ubig

uoiIbnba suaj-uiy |
:sJoddiu

PIAIND 9 SISUB| UIY L
JoJJiw Jo

Sua| Jo uonedljiude|n

uoloeld s Ag adew|

3|3ue |ean)

ME| S,|[2US
ybiay abowiy
3oubisip abowy

JoJddiw

aue|d Aq a8ew

UO0I129|43J JO meT

so11do (Aey) |eolu3awoan

abulif yiop 15414
J333WoIp
WNWIXoW [043U3)

aJnyJade Jejnadin

YIpIM WinWixow [0Jaua)d)
aq
aburif yipp Jo uoiiisod
'xoJddp 3/bup |jbws
sabulif yipqg
UoI2eIHIP 1[S-3|3UIS

Tvd
p/yd ~ Y

u ure
ME =1C N Am + Ev =1Z :aA1onJ3s3g
WE =12 :aN1INJISUO)
auQ C JO 3UON :sabubyo asoyd Jo saquinn
:uoI3|434
01 anp Ylys aseyd wiyy uiy |
u U X3PUl DAI}IRIYDI

yim jelusiewd ul mecw_w>m>>

UOI30R.JDJ JO X3PU|
(buiip.b)
saburif 1yblig fo uoisod
(vjs-g) sabulf 1ybLq
TY 1U32p[pp U2aMIaG BuIdDAS
IIs-
i) = sousfyop fovoso
P _w (v/s-¢)
TYw abulif 1yb1g fo uoiisod
RANIES
w o y(f+w)="gusp
TTTo=w  yw="gusp

abuLifyiog
abuif1ybLg
:8uje.d uoldelyyip/Uis-s|gnog

9 ~ (p)uls uonbwixolddp ajbup ||pwWS
:90UBJ34433u1 }1|S-9]gnoQ
u — umﬁw\
oAy [elIa1ew Ul Yyi8us|anem
u
5= a UOI30R.JDJ JO X3PU|

$211do aAepN

wex3 [eulq 19ays uolienb3 ‘9TT sAyd



(

49 X An u1 9sop = A urjuaeainbs asoq

4 1
2/3-2%Y = §$ =—=4

I N
1
a0\ = 4 ON=N
a o\t
1
16690 = zu[2 = ¥/N
Uy
) = S = 2
2/1y

A310u0 + 9 + ?wuw « xm
+

A31ou9 + o + ?w Z xm

A8I0U9 + v + ?muw P xw

2 CHW — A — Xw) = gv = Py

n
|$.Hmov X (UO%w — "wpy + Hwy) = g
AP
Xy
N+Z=V
u
(ogr-) =%
o7
Z Z
— WU 6ZS0°0 = 5= =
u D

z
0 < W < u‘s1ag8aur ugw

pcw_m>_3_uw 250(

ANy

Ae23p Ul

13[2NU JO JaqWINN
94I|-4eH

JUBISUOD

(Aedap) swi]
Aedap sn|d-eiag
Aedsp snuiw-ejag
Aedap eyd)y
3[013ed eydje

J0 Aduaua anauny

A813ua 3uipuig
uoneusdisag
Jagwinu

SSEW PUE J|W 01y

soi1sAyd JesjpnN

A3Jaua |e1gIO

snipeJ JIW0lyY

y

Olm __ D912 — xNEVN

9 — 9 HQBm\_

o7 —-Jy XUy
y/%q =9

Y Y
=—=Jy=4

Wu - A2 ZHZT  9Y

L — xmmaw\
A WUGO0T X 67C

-(§ S00)3UPPRUY — pantwISUEL
0y
%M|W” %@owum”m =]
J H H Q
,- 8
%7

T = 1830y
NQATHQ”TNHOHQ

wexJ |eul

(ejnwuoy Jaw|eq)
yidusjanem aul| |esyoads
S21SAYd d1w0ly

yidusjonem a1doug ap
u0J123}3
31233 Jo Abiaua 2132uLy
|blauajod buiddols
Aduanbaif flo-1nD

11094J9 214109[90304d

A813ua uoloyd

uonelped jeway |
S2I1SAy4 wniuenp

Me| Sh|elp
AlIsuaiu|

9NBM [N JO P[al} g pue 3
SaneM\ INT

uonvaIflubow

pauIlquio)

JaMOd pauiquio)
J9MOd 9AI10RIJDY

410411 2AD2UO)D)

JO4IIW X3AUOD)
SJ0JJIW JO Y18uaT (204

‘199yg uonenb3 ‘97T sAyd



