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D" Discussion of
Laboratory Explo rati ons

The aims of the latroratory crolll)onent of thc course and suggested meth-
ocls fc.rr incorporrting it into tlre course are discusserl in thc intrr-iductrlry
nraterial of this ]n-rfrttctot' Gui,le. There it rvas enrphasizecl tl 'rat hancls-or-r
activitics ar-e an essential cornponent of the stutlents' learning expericncc.
L,aclr of the activitics presentcd in the ,9nulcn.t Guidc is onlv in suggestivc,

ln'r:lirninrL'-1t fcinn. Instnrctors may utilizc these llratcrials dircctly', or adrpt
thc rnl tcr ials to t l rc ir  ou,n clrss nccds anrl  cr l rr i l lnrcnt.  A' Ian1, of thc cxc,r-
crses cic: l iberately involve " low-tech" eqrr iprncnt in ordcr tr-r  crrablc adapta-
t ion to a var icty of high- ancl  low-tech envir<lnnrcnts.

f-his course bffers a widc range of hands-on act iv i t ics,  elch correlatcd
r.vi th thc contents of the text l rook:

a

a

a

a

I lancls-on classroorr.r demonstrati or.rs.
Mini-Laborrtory exp)olrt tions.
( ) t r ts i . . l c  s t r r t l cn t  r tc t i v i t i cs .
Major latrorr tory explorat ions.

T'he pedagogical and content inspiretions of cach of drese nctivities arc in-
dicated in thc acknorvledgnlents to the Sttdcnt Guitle, as we:ll as below. 

-lhe

clrrssroom clemr:urstr-ations arc- suggested in thc discrrssion of th.' apploltrirte
ciranter in this Insfi'rrctor Grtide .'I 'he chaoter cliscussions aiso inclucle ref-er-
encL's t()  thc ci t l rer suggestc( l  rct iv i r ies f 'u l  erclr  c lrapter ' .  S,r lnc'act iv ides are
listcd in rnorc d'ran one chapter discussior-r, ancl instructors shoulcl inrocluce
the acriviry wherc it seerns most appropriatc ir-r the class scl-redtrlc.

Each of the n-rajor latroratories consists of rnany sutrsections, which may
be utiiized inclividually as mini-laboratories or class demoustrations. h-r ad-
dition, two or more mini-laboratories rnight bc utilized or expanded upon
for use as a major laboratory. I' inally, depending upon the class size, dif-
fcrcrrt sections of the major labr>ratories might bc pursued by rliffercnt
groups, fbllowed by class presentations by each group of the results and a
seneral discnssion of the overall conclusions.
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The mini-laboratory "Re'u.ieu.ing Graphs'' end the nrajc-rr laboratory "In-
vestigating Measurernents and Uncertainty" shclulcl be pcrformed early in
the sernester. Snrdents should also snrdy the "Revieu'of Units, Mathemat-
ics, and Notation," either on their ou,n and in class or laboratory.

Ail of the suggested explorations should conclude bv having the srudents
evaluate their results in u'riting and/or orally. \4re sugeest that considerable
emphasis be placed on this sunrrnary evaluation, botlr as a u'riting exercise
and as an exercise in summarizing the main f'eatures of a scientific expcri-
mcnt.

There arc a nurnber of contputer programs irncl excellent M/eb sites that
enable sturlenrs ro view and inieracr wirh simulrrrions of the phenomenon
discussed in the text. Lists of suggested resoulces are given in the refer-
ences section elsewherc in this htstrtLctor Guide.

COMMENTS ON SOME OF THE SUGGESTED
M I N I- LABORATORY EXPLORATI ONS

' 1 .  
Our  P lace  in  Space

Tirese exercises help provide snrdents with a clirect grasp of the vast cli-
rnensions of the Solar Systern ancl the minute scale of the atom. ]iuture
teachers rnay be ablc to aclapt this xctiviry to thc I(-12 environmelrt.

5.  Relat ive Motion
'll ic 

classic Project Physics video "Galilean Relativity: Ball Dropped from
Mast of Ship," is an excclient supplement to this brief exploration. It is
available in: Physics: Cinern,n Classia (College Park, .N{D: AAPT) and (Lex-

ington, KY Ztek Co.).

6 .  G a l i l e o  a n d  I n e r t i a

,\ portion of this mini-hboratory calls fbr the obseruation of a ball rolling
dor.r,n one inclined planc onto a second plane rvith an upwarcl slope. Nat-
ural ly this rvi l l  ret luirc app: lrr tus i rr  which a srnooth transi t ion is possiblc
fl 'ortt tlrc first plane to tl]e sccond. Frir the plancs, we have trsed grooved
wootlen planks irnd ring stands to providc the incline. If a transition be-
twe en planes is necessary, we have used a srnall piece of r.vood or a flexible
plastic rrler held in place by hand. You may find that other arrangements
of your ou,n design work better.
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9. How Do We Know That Atoms Really Exist?
The Brownianscope

This scopc is :rvlilaLrlc itrcxpensively Fronr I"r'ei, Scientific, Becklcv Cardy
( ) rou1" r ,  A ,1 l rns l rc l t l ,  O l I ,  1 -8BB-222-1332.  A  ba le  l iqh t  bu lb  i s  a lso  neer led .

Stucietr ts sh<lrr l t l  bc tnadc awi lre ot ' r 'eal iz,c tbcnrselvcs t l r r t  the otrsen,a-
t ion o1' thc r :rndonr nrot- ion of snroke l)art ic les does not in i tsel f  prclve the
cxiste ncc of atorns. Rathcr,  i t  t ler lonstratcs thc random modor-r that Ein-
stcin 'rntl othtrrs r,i,cle llrlt: to relirtcr tti the r-anclonr ruotions cif atclu'rs.

1 1. Spectroscopy

Incxpensivc spcctr()scopcs using plast ic di f f ract ion grat ings are avai lable
frorn Clenco ( lentral  Scient i f ic Cornpany, Frankl in l )ark,  IL.  The bare l ight
bulb can be the salnc as thc one used with t.l 'rc BrownisnscoDc.

\bu shoulcl  explain how a di f l ract ion grat ing produces a vi i ib le spectrunr
tltrouglr constnrctivc interf'erence. If a laser pcrr is available, snrdents find
inforrnat ivc a clenronst lar ion of crr i rstruct ive intcrf-erence in the di f t lact ion
c,f  a lascr Lrcanr l ' r 'c i rn thc pi ts cin a ( l l ) -RC)A4. ' I 'hc cf fcct is not large lrut
i t  is not icel l r lc.  I le careful  to shine thc Iaser anrl  i ts ref- lcct ion on a wal l
away fi 'orn tl 're class and from yorr. 

'I 'his 
also affbrds an opportunity to ex-

phin hor,v l r i r rrry clrr ta arc r l isplayed on a ( l l ) - l lC)M ancl .subscquent ly read
by '.r lasel reader.

12 .  Rad ioac t iv i t y  and Nuc lear  Ha l f -L i fe
'fhis 

invcrstigatiotr uscs plastic sirnulatecl atoms in a kit providccl by lirey
Sc icn t i l ' i c ,  Mansf ie lc l ,  ( ) I -1 ,  I  -888-222-1332,  par t  nunrber  S16402.  An agc
detcrrninat ion usi trg the <lccay of car lron-14 is simulatecl  thrclr :gh instruc-
tiorrs provitled with thc l<it.

SUGGESTED MAJOR
LABORATORY EXPLO RATIONS

1. Investigating Measurements and Uncertainty
' I 'hc 

stud1, of nreasulenlel)t, uncertainty, and exllerirnental error can be as
thorough and as cornplicated as one wishes to nrake it. Iior this coursc, we
havc included only the rnost basic not iorrs,  in l ine with the needs of the
corlrse.

'l 'his 
exploration involves several measuring stations 'w'ith the col're-

sponding instmments. These might include: a sheet of paper ancl a metric
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rlrler; a container of ice water and a
:l rn2lris .scale; a sr.vinging penclulunr;
of swing.

thermometer, an "unld-Io$'n" mass and
and a stopw'atch to measure the pel iod

2.  Exp lo r ing  Mot ion

This explorat ion is keyed cl i lect ly to our text 's Chrptcr 1,  and should be
perforrned in as ciose connection as possible widt the text material. Wrhile
the version hcre ref'ers to the ticker-tape method of data gathcring, in-
stmctors rray easily adapt this cxprloration to nole sophisticated data gath-
er i l tg  a r r t l  in tc r [accs .

Sect ions 1.2 and 1.3 of the text refer to the example of a hockey puck
on ice or a dry-ice disk on a table top. The motion is studiecl on a photo-
graph producetl using a stroboscopic disk nroving over the carnere lcns. If
this ecluiprnent is avai le[-r lc,  i t  shoulcl  be usecl.  I ]ut  this laboratory assurres,
as an alternrtive, tlre availability of a rnoving object, such as a cart, attrchcd
to a tirning device, for exarnple, one that placcs dots c-rr.r a tickel tal)e or
clectrostatic dots on silverecl papcr. It also assurnes thc availability of a rarnp
or otlter Inean.s ol"'cornpensating" fbr fi ' iction. 

'fhe 
pref'errecl Limcr .sctting

i s  0 . 1  s .
Palts C and E rnay rccluire thc'avai labi l i ty of  I ingl ish or nre tr ic r i rpc nrex-

sures. 
'I 'he 

Irnglish meaiuremcnts shoulcl bc convertccl to the nretric sys-
tern. Ernpl-rasize to the snrdents rhat in science ancl in nrost of the worlcl'.s
cvcryclay transact ion.s,  the rnetr ic systcn) is used. I{ef-cr to the t l js lster of
thc A4ars prolre hi lurc l recarrse sornc of thc tcarn rrscd thc l .ngl ish systeln,
whi lc thc resl  rrst :( l  thc rnctr ic system.

Part I i  cal ls for a l ral l  rol l ing r lown an irrc l inei l  planc sct at  c l i f l -crent an-
gles of incl inat ion. T'he e quipnrent used in the rnini- laboratory on "( ]ai i leo
ancl Inert ia" nray also be use<l hcre. z\  groovcrl  woodcn plar-rk,  s imi lar to
the wpe of planks possibly used by Gal i lco ( the nratter is st i l l  debated) erre
avai lable frorn I i isher Scicnce, Science l-ducir t ion Divis ion. (Aluni inunr
tracks are av:rilable fionr Clcrrco Clcntrel ScientiJ'ic Oonrpirny, Franklin Park,
i[.). A tinrirrg rlevicc is nlso ueerlecl. A stop r,vltch ()r othcrr nlelns rn'ly be
rrsct l .  Al tcrni t t ivelg sf i rr lcnls enjoy constnlct inq a \ \ ,etel  c locl< fronr r  lnrgc
funnel enrptying into:r  beaker. ' [ 'he arnorurt  of  wafcr in nr i l l i l i tcrs is t ] ren
a nreasufc of t i rnc.

Iirrr:l-r part of thc laboratory crn tlso be rrserl rs a rnini-lirboratory. The
entire latroratory can bc cl<tnc lll rlt ()nce ol' ()n tw() or nrore days.

- I-here 
are nrany coluputer sinrul l t ions of r l resc nrot iorrs,  in addit iorr  to

computer nrethods of clata acqnisition, analysis, ancl graphing. In usin{ com-
purer ciata accluisition and analysis be surc that sruclcnts fil ly undert^tancl
what is being recordecl ancl how it is beinq analyzccl.

l :  ,
[i,r;
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Depenci ing upon tbe ciass needs, tour intercsts,  and the avai lzrbi l i ty of
rcsources, scl ine of the excei ient interact ive conrpurer lcarning pr. ,grrmr,, , . ,
lttotion might bc itrtrcicluced in order to reinforce :rnd exfencl u,hat st-ridepts
have alrelc ly obseruecl in the l rr l roratory. ' I 'hc 'v cr l r  rer l rrn to the labolatorv
to cornpare rvi th thcir  cornputcr rcsults.  Onc: of t l - rc bcst lcarning l )rorrr l rns
t l cs ig r rcd  f t r r  t l r i s  s r rb jec ' t  i s :

I). -llorvlrriclgc, 
Gt'ilphs nnd Thrrks, Physics r\cadcnrjc Softrvarc fl\/oodtxrrl', NY:

AII)  I )r 'ess. 1994).

See also the motion "exDerilnents" of the intemctive \A/eb cites listecl in the
t 'efcrcncc scct i () l r  uf  t l r is I  t tstr t tc lot '  Grt i , l r . .

3 .  Exp lo r ing  the  Heavens

As u,ith dre other: explorations, inclividuai parts of this exploration nray bc
rtscti as mini-labolatc-rrics, or eaclr rnay be perftrrrncrl as rn incliviclull
rnajol exirlolation. In addition, tht: task.s orrtlincd in cacli unit lr-rrry be sub-
t l iv i r lcr l  rrn()ng var ious gr ' ()ups in t l r r :  c lass.

Part  A of this explorat ic in assumes the avai labi l i ry of a hel iocentr ic r l iodcl
of the Sun, Iiarth, arrd Moon. Such rnodels arc availaLilc, for exirnrple, fr'orn
Nasco and Iircy Scicntific. Althor"rgh the exploration rioes not call for it,
studen[s nr ight also cornpale sr:ggestcd posit ions of the Srur ancl  Earth with
t l te  cor ruspot r r l i r tg  pos i t i r rns  ( ) r ' r  r t  gcocent r i c  rnodc l  o f  t l r t '  Ur r i v t ' r sc  r rs ing
a celest ial  sphere (avai lable frorn the sarne cor]rJ)anics).  I lowever ' ,  s incc the
cost of thcsc clcvjccs has r isen so rapidly in reccnt years, i t  r r ly noI l )e pos-
sible to purchase cnough r lcvices so thrt  studcnts can rvork indepenclent ly
in snr l l l  gr() i rps. I f  that is thc case, thc f i rst  part  of  thc explorat ion could
bc  l l c t ' f . r rn rc t l  l s  r  t l c t t t c i t rs t l r t io r t  l t ' l i v i t v  invo lv i r rg  t l rc ' r ( ' l i vc  l ) : l l t i c i l ) l t io r l
of  the cnt i re class. In adt l i t iorr ,  thc f i rst  part  of  the explorat ion rnight bc
supplemcntcd, or cven replaccd, by an activiry- involving onc of thc excel-
lcnt aveilable computcr ll lanctrrium l)roglenls. "skyglohc: 

'fhe 
Conrputer

Planctariun.r," cJiscnssed below, is ol'rc such activity'.
Ilarts B and D of this exploration are adapted from Prrlect Pltysics lfnncl-

book, experinent l -1,  pp. l0-11. J 'he instr lct ions cal l  fcrr  observat ions of
the Sr-rn cluring as much as 2 inonths) an(l obscrvations <lf tire Moon dur-
ing a 1-nronth periocl .  So this port ion of rhc explorat lon shor: ld be starred
early in thc semester.

Part E of ti-ris exploration is adaptcd from L.C. McDermotr et al., Pbysics
by Inqtily, vol. 2, p. 823.

Sonre of the srrggesred ohservations involvc measuring the Sun'.s plosi-
tion. Students should be cautioned repeatedly nal)er to look dirrctj nt the
Srm. Lxplain why this is important.

ffi
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'il
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Some excellent further suggestions on trackinE; celestial events may be
fbund in the atticle bv P.M. Sadler, D. Haller, ar-rd E. Clarfield, Observa-
donal journals: An aid to slqr watching, J. College Sci. Tencbing,29 (2000'),
215-254.

4 .  Skyg lobe:  The Computer  P lanetar ium

Skyglobe is a DOS-basecl shareware progranr created by Mark A. Haney
of Anr-r Arbor, Michigan but released into the public dornain. It is widely
available on the Internet (it might also be available through the course Web
site.)'fhe suggested observations may be adapted to one of the many other
simi lar programs now avai lable.

5. Exploring Forces

1-his exploration is keyed to Section 3.4 of our textbook and should be per-
forrnecl in conjunction with the text.

Again the avaiiability of a cart an(l a taperl timing dcvice or other means
of data acquisition are assumetl, as in thc laboratory "Ex;rloring Motion."
It also requires drat tire friction fbrcc be balancccl by the gravitational force,
either by raising the cart on An incline or by attaching an accelcrating
weight, or by sonc other rne:rns. Atlditional apparirnts needed includes: a
spring-force nleter or other nreans of exerting a measurable force, ancl a
serics o[ rrursscs tr'r arlrl to the c]rrt to yiclcl the total nrasscs irrrlicatctl. In
practice, it is often difflcult to rnaintxin a stcaily firrce using a spring-fbrce
lnctcr '  over a lalge distance of accelcrat ion. l )epencl ing upon the equiprnent
available, a weight anrl pulley systen n-riglit be usccl inste:rcl.

Part F calls for: a volunteer on roller blacles or olr a bike or cart. A taDe
lncasure and stopu'atches are also ircedccl.

6. Exploring Force, Work, Energy, and Power

J'his laboratory is rlesigncrl fcrr the springs, hangcrs, antl rtr:rsses availatrle
Irorn Frcy Scicnt i f ic,  Lnrt  the instruct iolrs nrr) /  be ar lrrpter l  to ofhcr ct l rr ip-
lnent. In setting up the spring, an initial rnass of 500 g is attachecl to the
spring (hanger * rnass) in orclcr to overcolne the initial spring tension. This
is clef ined as "zero rnass," which rnrry be confrrsing to somc snrclents.  

' fhe

hboratory calls for the stucly of only one spling, if there is suflicient time
a secoud spring with a diflterent spring constant can be examined.

See P. Froehle, Rcminclcr about IJookc'-s law and mctal springs, Pb1,s. 'Ilnch., 37
(1999), 368, on thc initial tension of a spring.

rl
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7.  F ind ing  the  Mechan ica l  Equ iva len t  o f  Heat

\A/e sugrest the use of a PVC pipc insteacl of a cardboarcl tube,
carr lboari l  may tent l  to col lcct tnctal  pirr t ic lcs. Other metals inight
i f  thci l  spcci f ic hc;r ts t l i f fer rrot icc:rbly { l 'onr cac:h othe t ' .

B. Exploring Heat Transfer and the Latent Heat
of  Fusion

because
be used,

Tl-r is explorat ion is keyed to Chaptcrs 7 and 16 of dre textbook.
In this expioratior-r, stuclents also Iearn the value of careful laltoratoryr

prciceclurcs :rnrl the nccd for care in making lnelsurcnrents. 
' lhey 

must also
learn to coordinatc thei l  act iv i t ies, for i t  is di f f icui t  for one person alone
to perfbrm all of the nlLrrsurcllrcnts involved.

Since Srylofoanr coftec cups are often no lortgcr avlilable, u'e suggest the
usc of insulatccl rhcnnos containcrs. This explorarion requircs thc use of a iot
of hot \^ratcr. One or nrorc coflce trrns fil lccl with water could ire heatccl in
Advanc:c of c:lass, aldrorrgh rircy havc the disatlverrtagc thitr the rvatel is not
heatcd to l roi l ing. ' l ' l ' rc rncldng ol t  thc icc urrbc is alnrost i tnmediatc,  ancl  i t
does allc,w studenLs tO conrlrrehencl heat tr.ans{cr in a vcry clircct way.

Sftclcnts wi l l .quickly discove r that thc hot water c<iols off  very rapidly.
They nrust takc nreasru'es to kcep the hot watcr covercci  in arr insulatcd
containcr as nmch :rs possitrle. (lare must bc talien to prevent scaIcling by
thc hot water.

9. lnvest igat ing Waves

Lr t l i is explorat ion, srudcnts gain f i rst-hrnt l  cxpericncc widr one-dinrcn-
sional weves on sprinpls and two-dimensional waves on water. 

'Iypically, 
a

ripple tank is usecl to study water waves, but the cost of a commercial rip-
ple tank is now so high that many instmctors may not want to purchase
lrore t i ran one such apparatus. (One can, however,  bc homemade.) At thc
othei cost extleme, a Iarge yellow cafcteria tray fil led with water can alsr,r
be used to dcrnonstratc the lrel'ravior of rvatcr waves, although of course
not as obviously as with a ripple tank. Yellow see:rrrs to bc the best color
for obsewing the \4'avcs. 

'fhe 
light irr the roorn rnust reflcct off the surface

at an appropriate angle for best observation of the waves.

10. Spacet ime: A Computer Excursion into
Relativity Theory

1'lris exploration utilizes the computer prosrarn Spncetirue by Professor- E,d-
win F, Thylor, MI-II It is available from Physics Academic Software, Amer-
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ican Institute of Physics, College Park, A{D, which requires a license fee
lbr laboratorv Lrsc.

The suggested explt-'ration utilizes only a srnall portion of the many fea-
rures of this excellent program.l\/e hai.e fbund that this is more than enouglr
fbl r-nost nonscience srudents. Br.rt more featrres cln lte udlized. denend-
ing upon the abilities of the srudents.

11 .  Exp lo r ing  E lec t r i c  Charges ,  Magnet ic  Po les ,
and Gravitat ion

Obsen,ation. oi'ele.trostaric phenornena are nororiously clifficult on days
on which the hurnidiry is even siightly above l)ormal. Nevertheless, sru-
dcnts can obscrvc electrostatic cffects if they work qrrickiy and recharge the
appafarlls oftcn.

The nratcr ial  nec<ler l  fbr cach gr 'oup is incxpensive ;rnd r ivai lable frorn
rnost vendors. It inclucles the lbllou'ing: acrylic and dclvin rods; firr, silk,
antl cottcin; a ling stancl ancl crossbar; Scotcir tape; cl<tth rag; a transp:tfency;
tr'r'o bar rnaqnets; a surall cornpirss; piecc of string; ancl alunrinum fili l.

In aiiclition, the instnrctor shoultl proviclc {irr each gloup birs of n)are-
r ialsuch as the fbl lowing:smrr l l  J l icces of colk,  pape1 Styrof<r lnr,  grass seed,
iron f i l ings.

'f 'he 
iron fil ings shoulcl be spre:rd on rop of rhe rransparency over rhe

magnet, not di rcctly ()n rhe magnet. At the same tirrle as the srudents per-
l i r rnr t l r is obselvrr t ion, the instructor nr iglr t  l lso r lemonstratc i t  using arr
t-rvcl ' l tcat l  projector with the i ron f i l ings spr irk lcd on the transpi l rcncy as i r
lics on top of thc rnrrgnert(s).

&Iost classes will pr<>bably recluire nrorc thxn 2 hr to conrplete all of thc
ttbservarions s.rtgeric.l hcre. If dne is lirnited, scime of the ,,'bseru,rtions on
clectrostatic cltrt'ges rnay have to be exclurlcd in ordcr to include ntost of
tltc observations on nlagnets.

12. lnvestigating Electric Currents I

Scct ions o{t  this erplclrat i r ln rr i : tv also l lc pe r torrne<l ls nr ini- l lborator ies in
C I A S S .

13. lnvest igat ing Electr ic Currents l l

&{ost snrtlents are nclt flrrniliar q'ith clcctricllccluipnrent, and sorne arc fear-
hrl of it. 

'fhe 
ccpripmernt uscd in both versions of this explorarion is quite

iucxpensive ancl rnosr may be ohrtained from Radio Shack or fronr one of
tlte tnanv vendcrrs. Tl-re meters are easiest to fincl through a venclor. Tl-re
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connecting u.,ires catt llc nlade on site. r\ "brearJ boat'cl" can be mrrcle frtlln

it niece oi'fib". boarcl with clril lecl l-roles fcir screrv-dotl't-t l losts' Srudents

.,s.,allv recprire g.gidancc at lirst in farlil iarizit'tE; thcrnselves I'ith the cquip-

nrer t t  ln t l  l to r t  t0  t rsc  i f .

Fr i r  ccl t t tprt tetr  s i t t lu lat iol ls '  st t l ( lc l l ts 1112\ ' f ind orrc <l f  thc ci |cui t  s i t ' t lu la-

t ions, such as "crocodi le cl ips,"  of  valuc'

14 .  Avogac l ro 's  Nunrber  and the  S ize  and Mass

of  a  Mo lecu lc

In this exploratiort, stuclcnts gain a more clirect sense of thc size of a mol-

ecule ancl of the huge rnagr-ritldc of Avogaclrols ntttnber. T'hcv u'il l also g:rin

practice u,ith scienific n<]tation, antl otrtain 2'l l lew sensc of tl-re meaning of

inultinlication ancl clivision, as reconrncndecl by A.ll. Arons, A Guide trt In-

n"ochtctorl, Phy5i65'lcncltittg (l '\cw York: Wilery' 1990), Ohapter 1'

Since this cxplt , rat iorr ' involvcs a consir lerable ar i thnlct ic nlanipulat ion of

nurl l rers jn scierrt i f icr  notat ion, stuclents shoulcl  be fair ly farrr i l iar with thcsc

proccclurcs bclblc l icgir lni l lg thc exl l lor l r iot t '

I

i

j,

t,
il
\i

l,};:

fi
F

tr{
sl
f;
9!:
Eti


