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ffhs eaÈhery wÊsþes *s a€hwl@ge hta
üffieþ*&rÈgmø** üø ffi* 6* ffiswwÉa sf the Fa€slt'Y
øf &ls&efråwg eË &* ffifvçrseW 6f Hamltoþe
f,sr ÏrSø SatåææÈ æð w[øç aømæg[ 6æþ9 ühs
ðsryst€ffiõrnt cf *S¡å# prebíew* ffi& å.e åXsq f,s*
deffied Ëe Þ!'. t. &rærnr Ëlreetor of É¡rrpl6+¡-
Xffi. FemrËment of ffiuriatÉosl of, tåæ Han[t6be
ewêffiI**æt, fur thæ u*6 ef Ïsþsr*tury nøü$¡e3'*
belßm#t.nm úæ ümt Þapartnnsnt. Ee fraø proftt€d
arsati.s ãlae #ffi df.sßmeslms wåttr håe satr-
íeamøi¡ f"n thø f,åçld ef, eü¡wùuFg edueat*em¡
narã*grfsr'3y freÉ Ërese wtüt! ÞãFr &' Rgctmaxrt
*'orrer1y of- *rç Þanüal' Helatyre 6sl-[agåaË+
Instltstse Hfnnlpeg.

¿å



I95J*.

Ëftås &ë.Tl{åy æ}.eåns fv*m r€¿ffiÈ#* er&&s +S ç¿tueæ*t'*n
##fl,tefåffi &heä ffifry be usef,i¡]" ås¡ çw¡tw&raåt&åfi# s eh*¡påæ&Fg åshora*
t#rF mscåuåå' läA sürvey beg$.rls wåth t&1# br#ed a$-me *f gænenal
w*$þaË$.sn ¿*n:d p&#ees Ðhpsugh ss&f-ÍÌ&rtr*wå*g få*åc{æ: *ee*rldary
øÉueatåon, seåú¡nçe educet*"on, ehmmåetsy eelu*æt{*la, E,* åst+srffit#ry
*.ngbru*tå*¡r . .m çlã*ffi$.ffigry"

?he hesås sf-m *f m¿*r,rsct$.ær: ås¡ &åãw wes*er* nætå*ms la
f,rsåv:*"*m Ssr pmrt,åsåp**å*n $,n * dew*erdå&åü þ#*åeEyr TIaåæ *reån*
å¡re üahõm the'f'c's"rfi mf a medlfåcatåan of l¡¡dÈqå$ue} grÕ!ffii?r b*tlr
frero the $osåaå and egoiStS.* vå*wpof.rl&" lilstt¡ri"er*1, evådesce
ä$.#g€#fis Ðh*,t çhe wc*fle3" v$"*wp**nu hsø hæ*n wæffiI"*sfred. lltvsLve#
erä*f"Êtuaf nll*wLer*ffie, skl"å"åmr habå6ø¡ aÈ&åttnd6w, nnd $.d**åue
Åä thÊ mee**rd*ry sehsCIå Ïev*I"' ähft elsFlrmeås $'æ çn eüttt$desr
Se5"*mçe wdr*eætåbm f.nsludång eþrwm*æ&ryl c*r¡tr{ht*U*w &y åt* e*ltp}ra*e,åe
srr thw weåøn&l"f$,w stsåtud*i themåw*ry mmkeæ *&m ure$;qtåe eËsï€rf hr*
t,$"qrm hy pres*nÞS"nffi ffiåþ*stfff,aeæ ph**emens *f stx$f$,såæ:tqåy mubtlg a
ß&tur& üb peiffi*"t Uï,re d*w*åoËment *f uå*"peråm$"$eüå&6 er*qr*Èry* ii$.æ*
eråmånaçånq ænqu$"ry roquires abætrfteå shår*kå*;¿r ãr¡ *riør E* effi*
r¡i:agf.m* ü?:ån" Ahe ar$.me #f ehem$.ettry e{:Íxåffð{ftf"on Ër¡¿ve hæwn ßtåt€d et
bhse* .Í.ncre¿¡i¡ååliqäy mbsÈrç*et, i.srüeL3.ecËu*ei" åeveås:

{m} ¡1m umderw*¿*¡st$ån;q *S &L¡m emp:r*wåtå*xt of ffie6t*tr #rid
S¡êe ehwrcge* $"& uæder#ües, sr*d *hw w{effiïå#r $,n wÞråe}t
Ëltås kss***åe¿*We eåde æesn *n *he ***&rså mf h$,s ær¡*
v$"rottrsertä.

{bi å r*va.¡1.*gi"nt¡ mf &he* or6rutåma&*,mn $"n ehçwåcæl ch*xnge.

&f fr*-ìäth, amd
tlr# psþtr&r pftel l¿m epÞf&s$,*t'åem *f *trø plu*åwe neür¡Fe

çrfgshn1 ü#,u#ffif snd *¡t u.ppreciaùSor¡ ef
dåreeüed *ma6ån;*tå.om.

l,eþsrm&,elry @dË#.eäå,*a $"¡¡ etaemåøeny Ë&ffir&6 t* pr'*v$"de
c*screte raw dêrü& whåch b* æan$.pu3at'e wce*rd$.rry Ëo ths e*åen-
tl$i"s ¡aetlr*d ¡ f.t, aåso s€rvëg ta- å:roa*3en tþ¿s oen,mory å*rpere È of
a lesrnf.ns så&ueg$.*nn l& wh*t¡ãd empS.og rhæ ol;wpleeå så&$a$å$nß
snd sk$.flm f.n srder v¡*& te smr*fr:e* å&m m*iåm Suns&å*ns.

Tï'låw €ttrdy &ïårvey& sçvetr¿xå *urnexrÈ ehemå&Êrp }.nb*rà-
t#rg msnu¿¿ls Èo d*,gbsvæf *ii,tgt, ås *t¡ffiulru pracü{r;*. Frçm eUeh
egs$iãsn prer$å.eë n srumbær sS es*b*rå* psr&ååæÍ"nffi ts Seræmþ *¿td
ËsrÌ*çËT&"sr*.se, .rårËsønffi tåI* ffi*re vågnåej,eeru& er* eh& fü¡.16w*"yl&r
{*} ÍsiaEiweÏ,& er& $*mffiÊänåy sf Uhæ f'S.}åråst &yl,}* erxphms{m*.nS g6x4gf,ry*

lduuå Fenfor¡auÍ¡ee, {b} år'or *n experåuier¡t the ebjeet åe clsåråy
Ëtåtûrå; the meÈh*ri is {u]"3.y and precf.qeLy prt*scråbedr en-f, n@çq$*
åerir p*evåæp¡ of üh.ecry $,e þnovå{Éed. "Tire el,ttphaeåe'le en eJ.*rLf'å*
Êsüi*n of pri.ncåp}"em'

lhe eul"mi.r¡e¡tåar¡ of t¡Èr1s *üudy ås ghe *¡,plåeetåon ef ths
rysr$,æçs srs'ter$,+r åm çhæ 6*Tì$grTJsüå+ru bf a åmboràbcry mmlu'*3.,
wh$"eh ås ån*åt¿dmd åm gh6 eppsndåx ** &he s&'u$å".



gÁffisÆ æp ËfrË{g*sffig&

Fege

frf&g W gêffiã&ffi * * ,* * r , ü * r r r * ri'. . Y

tftøpter

l. fffiFBffiEffiÍ*..f û!*r i *rþ* L

Ehe ffietÈl¡re çf, tbe Froþlemn
trhe Freble,
LLnttattone sf thø Frebl€M

13, ffiIrffirß AFr#rHo ffr* $F ff'Hffi Agffi üw
ffi$&ffÍilffi ü r r r r È r * ¡ * ü | r r lf

fhe Âtms sf, Generaå Edseetfglt
ffþe &' aæ çf $ðueaüÍ.çr¡ f,r¡ tÊaø

ffo - f;iåfåfË-H*#*#**srå,m
Hhæ Å,åmË äf €heinføtq¡r ffiêuee,tåsüÌ

lffx* üRTgffirå ÃffirffiIw& ffi üry Ëffi Keff.ffiffi å&n
$wetrI$H €P &Æsüffierffi wffi n * * r " 8&

Bbç ffi*ture *f l¡aþøraËçrf Werk
fhe fusti.m sS Í,eb*fetory &rk

l9* ËRISHF"SA åBrSffie ffi €F rffi ffÅgffiRW tr
&{fl[*åtqfiffi åHÞ Isffi ffiFgtt Èffi Ãffiffiegffig
W*&&,r r r * r rl r r * s * $ s *' ¡ 36

ffie äÍ.Lçme ü.n fmheratory Ëu*.damçe
$ec€¡rêr #æenstfaËÍ.sn vç* ln#!rå*

drael Hãperf,m*ntø

1åå



#hæp*er Fage

8. ffiä,*Fffigå åRXSgg€& ffitr ffi' üW&e
FffiAtrgxtrw Iw ffiffiÞffi ëwffiHrdffig &ågóð&s,tr$&Y
$deffiÅ&# t ? ! * + * { r r r {. r r ï u''Ë5

$?re 6tre$,*e øf ffirådense
#esssal Frsssd$pe
Ehe Haeter &f"st
Ilnterptetatåea of, thø äuldrmee.
ffiffiffiãfy sf the Hstå€n68

VI* #HþdH&HT W ffiffiPWffiE T}#gÞ IH T$frH
Ëffiffi*RËSTIOH ffi Â, ËTTffiMTStrRg
äåffiffiÅff4ffi? ffiåWån . *' . . t, * r r 6S

firåemÈaÈåçn
ffianr¡e3 $traett¡re
${effäeÏ. to¡nteil*t

ffxl* stråf#etrr&ffi.ffi ffffi #Hgpemää ffiffçrå& ïH
Bffi r,r#ffiB gF gm #eTgwre ffiffiËÏ4*p&ffi * S5

BIHf.*IüËËAP3tr å o r . ¡,, ì . r . Ð r ¡ l ¡ . q*

åFFF"t{FIX r } * r }, r ¡ . n r ¡ r ., * *, 93
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sT S@@ssg s* qes& dæ*ssÉE.æ*Í pæøodllq
{fi'*re ssdrstÊË .*ts*slærffi ffiH ÞpsÄë *e æwrtauw

r +#ð*sïHrÐq$ lÏg ep€üg trß $Ð$rstsfi¡ Ãeo*
**s&4#S pæeedq &Wt pffi efiretrBe-dl #sm #&

sffiÊqfi& $t*Så pe-re{wep q.Ëlq .rs&trffi #Ê sffiW&
l ü { * ,s*w$,t+dffi åpE sgdÄff, Rrffisøg¡ry#
g6 &Tgrrsëffi äqÊeç us$*ßqïtr*BTg Bws.rsd

#É

##{#ge ,ü# å,trÍï

¡lË

..tr

*T

åTqBffi



ffieffiffi r

ffffi Fmffisffi

fftrc Ëettt$Ë of tlæ Frøb3emc

Êþ@ KeË!Èüqba kÈr$æI,atâøn #sæse at *k*e

åßrf E*Ml. åwsl- tmç3r*åçs a ahøf.ss æf, æåthep üffiñ sr
üw* seÍffdüÊÞs trffi eeæ*,#t#y' 1&ywË*þs sr þ*æ3sW* &&

ç&så*ø æade GË?ðtrs * ççr6*pn*ffi ffiËs6 begåwÍæg &s

&ra*e Kf { fuåas ffi*tr ery},**S,#&} r e$Æ ffiwüæk$ng **x S.rm#ø

KHf (ffisurf,str ffietr¿m*lettær ørya*vnternt tæ F#rsü Be*r af
$,rtæ {Ðr ffieåeffiee æ* fth* &åv#røåË,y" ef &Íes!Êtukå} * mß

f*,ret sêr ed slffii[strF tmärd,us€s ws* ef t;hø fu*
dmmüaå &çmesmåË"w$Sqffi* sf Ssosg*nåw eewfu$rg aM

Sfuryä€æx tftm #*æøsfpË ve ehaæS.æsgE uf s æsunbçr *f esffiffi

€$"ffi*ts wd tlmtr @e$M{ilrês} ffltç s&ffid f6êr sf €h,ffi

#.stty Fr*æs teø sft*ty sf bep*e, pr$ne$-p}es ffire thÕr*

mgftå, ¡ sdú* s førp rseç eMåss sf st-*efu Þaslo pwËæeåpåem

ag the g€spåðdåø S,Rrû ffi* øråSeãËs¡n -redu#ÊS,en ræ*etåwl*n

Sæ,tpdgees **sF øLemt* ef, srËgürË.e *.M#t^rf' M
expønÄ* t&s #,ss€.fl,ptåvø ek*æ$,øtxy ts !¡ne}fidç e l"e¡rger

æræþee {$d ÍMustsås,L *Fp}SeaËf.wsr"

ffieê& peffi s8 s&es$s&.:F å* æe*W¡øm*,så &f *

-I.-



*Å*

Sebmratr+ry effiårËeÊ åntegrslt*tÍ eÈ*ÐrdåËg tÕ år*d*.lnå.dtxøÏ.

**aeÏ¡er akå3"å*y wåth ähe *:eguåäl,r {s3.ås#r*#rê w+c'}i, É.n

*}¿eæÍ.atry tltlt taught 5x *pe*åe1-39 åWrÍ"Fþe* rrltffi$e

ffÏr* requårøsffi*nts adånst th*m*elvs* ån P*ftetÍ*e t* **e

6.**SÕ måxiute perå*d *f, å*.bc>ra$c¡ry Þr6rk & se*k" üt¡r-

erråm*ÍB&&3 ã,nøpe*tå#& ãæåÌåse* *h*t th$.s rÉqæf"F*exË$*t S.F

ffiÈ ån *rs*æ HI ç mx w*Ï.Lr *.n *sa#ç Xãl *fte effiffit $.e

ÈKpðëte* ?* eçbmf,t, ?e

*å#sy ffikr fçr æ*¿åøh

tß¡a* ffirffintsd ån t3a**æy"

93m Lsfunrat*r5r û#$r#&# þ¿æry's *hamg*d v#Fy Sfttre
ån Èke $wst *ssëTrty Sr€8r#. ff* t?ts åæ*w3"ø#6+ of tÊ:1*

S*ruæstÍgetpr I thwre þæs besct ne +f$f,efiaÏ. attæwpt

*qeÍentlfå**I"1y tqr eppraÍse laboratsry annuaLs f,n order

Èa dÍ.Ëswer k+rtr t'hcy coq:åé 6erve bett*v t*'tæ s$,we *f
.sh.wløtvf e#ç*st$,øn, b be*h 3r6&rs a *+t¡rse af
ånúårr$.dum3 Ï"*"kratery ør*te$.*es *s pr'es*råþü# end

gæåded by m *ppcøed m*slä&J"* åãæ ry*tewxäte ç:csl&lll*

st*om *f the gætære ssß eûfittetgt e. tlrese smuals 1t**

t*þerr ptrece fwr aþsat, ttøenty yêårso untf.L two years

e6* e *h*n6æ tn t3rs eþ¿*st*Sey t*xt for &re$e $ã brou$þt

*T:cut a *hsrÍge slt tfie mançeå*å ãn}le 6sade Kïr marm*å

ß!å

ke

Írrspe*tn**3. tsst *n l"*þr*
rçs+åcr## øteltd$ng: nBært frem

ågqfgern Frmrdk*



$*i

hmæ æoS Þs@& sevågø€ *åga*s ea reprå.retåErffi $.m 3.836.å ärc¡*

æåp #.sæ.æ thås sstuat3øn ï{åËpË#?t rææppræ*ss*, øff BBse

xææxruaå, MË çe9tåsåsffiis *vey tFræ yeær* cåemmmcg åË* ffimd

*mef$set* *þe tr*e*å fwy æ mew msm&*ä*

ffiweh erflëË,eÍ,ems fes t&ø wø. & psr* ssøø Sræm t-Fta

sle#&rffi*s €eae**ær* wksr åæ e&eøêFned Fgåmaråäy wÉt¡h *rtw

prææBåe*å&åf ef th* gwåcf wre;e effærçd by *he sþ,# æenusåo

ã.$aø æå€ {æc# sÈåå;1. eut'sapB} *rsÆe Hïf rmnr¡aå Spæs møS

e3.eøråp 4effå*se *þw pt¡sp¿pew øf ff$ @sp#tr$wwt, -lhe mstfurd

ef præeeßuse f"e ælptli¡ned øpæsselyg f.t asstï"fi*s e3"tlzær

l"ahærmtøry *ewp*textË# Ërs t*rø pær* pf *hw FrnË,åå* 6tr €ffiÌ*

såderæb3"e gnåëær*&B *& tf:ø p*w* *ff *?c* tsææher *.æ 3-æ*sr-

e*€#y eþ*3"ås æn6 ewesïåffiatå*mm* ffis å"RsttrTþe*åsãr g"m

gåvane åsk &Fræ s$mgp$,er sks'åå** auld vørg few pweueu&&mces

æræ gåvæn *Pcmt m$;gfrt esffiå#ê þmt.Fr w*fø*p w*d 6**ê þørå#s*

keæFån&. We$tåtåes mr* æB**e* åsr æ*rSç wt*eo MqæE'¡ *'ey

apprewf.urætåem* # ffixræ femååtas üsååü æågh& av6å* wås&mEer*

prutatåw:" Fbequemtåyn -*&* qtaæmt$.ff $.* æBatw# *r*"äÞ*cst

ånßte*t$mg **"aw dwgr*e øS preeås$.om eS ås;s ffieåffiås&*

trÞg$.s feeffiå.t ås psm*$"eu3.aråy &ppffi.,trËslü Srå *t.e $ns€r**eüåsms

pmrü*ån**# ft* *hæ vsãtwe æf a l.åqu*.d* 'Ílaære ås 3$"t*Lø

pa$úæw.e* *f. æHa#æcå*& æþææcq,a6å*gew þy rpsøg¿s e*. qtl**êå,*tr.r*.

#rm*wx Kä mwd HXI* S3¡ø {tpmde Kf
pr$m*"

å* *mw *r** ef



å+."

&æ æ r$Le* the Êü$*äæ6åeär å.s åçft æxrt*.ræ3"y te¡ 8þø'

**txelenê, T*&* çft*ffi dsæm ææt kwærþr w&tæt å* æxpeetæd af !aå"m.

Ëåwgræm# er@ *wwÏ.}"ç æsud nmt ampååfåecï wåth æssø*åst*&

d**eråg:S*gn* ä'he expessææret ås s*weþ prewedee3 þy a

revle¡o of *he æmsæmt3.a1 tlreoryr Í-r¡ the Ï"Í.ght of #¡.åeh

gtffiñent perf*rr*æncæ c*uld have ne*mf"ng.

ffiæ Frtlblem

trln* geeed @s¡*Ë*#H*d føw &, ffie&" r**rusæå. f;* gwå*e

Ërade Eff tabunat*r¡ ahæraåcsary *m tE;e Fr*v$.æee æf Sen*

åtçbe pffi*v$*e* tþe m*f,se$üen *f thåe *nvæ**å6¡¡,ãå.emu

*råtåç5"srus kmvs ües¿åæ6 Se bç #åæo*6lwrå,smdn Sefær,e tkey

sen e,f$'e*üåvæ1y gg*ådø *.hw cømsÊrl'rmetåm*t sf p ¡rors msnuaÏ.

thøy wst be er&eüI$seé aïwrÈ' serm& erÍ.ËeE*e basË& €*L

m*ðerm ç4sea*&wxtaå æ .ææ wrld præe8åee* X* *.s tF¿e S'ürF*

p#6ë æf tþfi,s *mvøa€ågctå*n $ç, dåsË&ser ffiat msüemr

æßl**a**æmæL æåreæ ærd p*a*tfi.ce erffi¡ S¡nsøSms a6 *hsy

bev* a bcartt-rg ftrL åa&æsat*ry oh*r*åwtxy åm t&s #êëtrrneesy

*wlme*m, $m ærd*r *ø dsråve *hæref*em ep$'8esås røhs-eþ* may

ß*e$e æs guå*ws 3.s,a *32æ s*ngtwta*8$"em eS a &ehsyeÊösy

æsr¿ls*å Ssr #rede Kfl elwæ*.stry*

Li"inåèmtten *f the Freblffi

Ïøberaterry ehæmåsÈryu 3SlçcB amy CI?lhcr ed,ueetleneå

e$.fertu **o *r sË:ould be, so Í-n*ægreted wåtlr generel

*êtacæ8*rum *hn$ amp'r*ådel.y a*wæF*ærå wåm sp $ïne€t*.ew så3.3-



€f.*

f,m gems æsããå## }aag@ erå åfg'@et *n llto ffiå*ree *t ,S.s gæ&

pr***å*aå ss eË##å *ss*ræþåe t"s mtudy e,Ï"å 3æeæÉkr.Ë fps*
t*rw frP¡s.t *ma&# effe*ë fr*r *ãaå* æârøßy sæ3"s*e** €*åtr

thr¡se æ,seäB eå mr¡d-eræ edceee**,*ffiø1" efiert tlreü sæw t*
år*påæge mçst *t"reefrågr eE? åsbmraê*rïr æk**mtstry¡ åfå€?

*ttemptæ tç qïep3ne tþ¿eraf,ff{r*å eerÈaåe erÍ^teråa that
'l

wsLå &æå¡i'$s* t?åæ cwn*gx*çzs4r$ïå *f a wsreumã* 56 *rsr"å

m&åemp* &*¡ w*mweg üþ¿o $'mäLæ,¡råm6'ry*estË"*måfi 
' '

','
L* å#r&* erf.tesåa æs*$mç ært æf gf+tx eg*my *f' tFeø '

'''
s¿åms æ# e*$eåt*e*e?

ã* tdkå* sr$.*eråa ær*se #Ìä* ßf m mt¿æåys*"* of t1kàe

msttxsæ æsa# #$*rietåsrt æS llekratory srørk? '

ã* þ&e* epãÉesåe *såsç eu* s*" Ê}se æfuxd}r çf &he
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w *wgeaqswo &4 Frxø& rå&Eq&ffi Sw.A*S*çËffi a*{s EsÆmsq Æ**sw
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#shrc #e*sep €WNr@sF6* €.?w ffieffiø nü"ws

{ir¡r se}moLf"ng dçes gtCIt edueatÊ" gg Þtr +dueat3.sr} be
mes¡s* m $r*$m*# håþå* *s d$,serå,ssf:eatilr¿m øssqtrå*y uoåd

&i*.f.p*tråekn H* Ë{,r
ffievr Yøsks gfie r&sd&Égâffi* ud-

#gu,g*.r F* p.Ë#*

3lhf,g.r Eå. r+gp,



*3.#*
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ftfid gut shether ssrtaå$ Eenelluelf,eß ftre æawrê o

?" Hakfmg Ínferwrcøs f,ren faeta and experÍ.mwrta n

8, Irrmantång elrea& *rrpartsuents¡
9" üøf"ag eantnolm*

J"frn lsçL*tÍ.ng t&8 çxperÍ.mætal f,aetars*

Yæt evsËÈ f"n ùtr* v*grort* sf *&n trÏ¿4F$r'*ffiåry;st
+?

lffiqf,&g$H1 ühere r@Ê g appeäffiÊ å*vørg&Esss *f that*ßP*ü

åe* *p*L}ed eet a ffagltlwr âbåft of emphaæË"s 6 **,æ#* Í*Ð

*hç analtr*ås af thæ .sa*.ffitåff.c s$t$.Me by trurüåæn

*1rø*dp qanted"¡3 tf¡æ æsp&aæå* Sç 1æS# çm #ta ffisltt-

va*SÉ,n *f e6ol*t$.* *ttå*u&øe¡ å*6* **vøÏ"e¡mmuË wåü'k*P

t*:*' å¡gfrlvåéüef. by Ï*fm*u}f erid f,ar båmse!"f* "&å1 eøeep

the 3ss* oatcgoty, aR*ep+e* trer enCItheri s Wünt of, Yt"ews*

tsn& te 6evç]"op tFm l,rdtv$étle1 wåt'bstrt ænY Bartf.øuXer'

pæfçtræses êc' håa rø!.ståwrs ffitk laå* f*ååew s*exl* å

åF-, Þ, €t*rtË.e, $Ëâ*gaos!.u end Rewdla3. Trøakent

*ie$sl'" ru*å¿å- gghdmt' nrgrgshånff_-#s. o igsgi r ÞF* ggl*3t*5"

*ûp* e5-ä' ¡ Þr 3Ê* tf*l.e efudy*

3**e peßs $-S sf, ttsXx ettrdy"

Ís the $'åeld of #e*.eneEro
fËoel"ety fçr Ètce Bfieéy *f

Wståenmå
f*



.4#*å3_

s$eççs#ftãå *tlmúøt5n #epen*s æç wreÌ¡ sm sÈËBþ *geåæt$.e

€øve$,æpmøxtt es åt dæee m* Èhe êerre3egæent af #esårabåe

&sËgåå #,Ë*åtT*#øs. lÈ Ë.s ffirÉrå ÏwsçåþÏ"s'tþåt æeeh dweT,*

8W$ã wE3å be eeeffipntøü by a #esåræþ1ø elrmge *n

Èhæ ssef.al. attåtr¡Ë*æ* k€ *fuçre &s us eøffi¡råffisË tt¡a* Í"Ë

ç1Lå bs* The hå*tory 6f ï6orl.d Har 3l l¡as reyeal"ed

tlret mæn snê sssùstlç# eåy davcløp a sM ssÍ.çn*åfge

ættåtede kd,t*ftsmt eeqlrür**g e ð**åraþ[e ssÈÍ-eå æËüåüç#e"

fff¿e røø*åËø'*re sn*b thet @t*eå'eå#å ås gs*håmg ts æyld

åts feness W e greaËer eæg&r*sf-g an trlre lattçr* ltr thæ

seffie *#FB'Þ* *n thç ffi*rËgrqgflge* YEge&&dk1 #reåg s}mweñ

*h&È tþåg øphew$,* beå meä bsøs* etrøe&m*keå w&e üh€'rà Fy

æS åeæsü **ruø øf ths ¡uwbars æf &he Ë.owä.tt6e* lã* w**6*

6æw*,* tþat 'a #sÊe$ef,f$e *üfrä*u*ø eells f*r en aec*püan*e

ef Èhe foSLswÍ,ng epgffËeåeË**ns I

I, He*f s s6nËÊpt ef tm¡th eürffitg&sr
2n trder1lne66 ¡tr€nra,åle ün Retn¡re.
3" ffire fsrmeüÍsn *tr *rf$*Èhss,*s M tk¿e *esttng ef

tt*ew. by exper!,mwtaå *üu#y efê s#ßenttal a*ep*
- Sn t&e øef.sntgfle møthdo-
þo Âttafl,nmnÈs *n setsnse hsve breê øør#l.dençe ån

ühø æeåæntü,fÍ.e meühçd,
F* Wçk kæw1dgø remedmq eÐ ba reveeåæë"

fmhøsên* $,n &ftås axam,åy**.s Ís m offia*fl.s øf
mscåæå a€tåtr¡êes' lËsws I ætd 5 *.Nnpfy sm attû"Ëude çf,

&mï.*r*aoæ5 ü,êsffi H åmp3É*s ws eÈtåfaåæ ¿f ç6*6psræ,t$.nmç

å&*æ 3 åmpf"âøË &n sÞWeeflst$.ow ef d*rceñed $;wagâ"ruætÍ.en

ëþe* mæp raw"lt åä æ,øympatïaetås *t*åffie tewerd* *he

kpo e***ç Þ* I'ä of tk$"s s*ttdË,
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*tr*e*åse etr&ff emd re}"ågå*xr"

#urrexatÏ.y €b¡ts æm,ffi**Ss pm pse$"aå e$**,&ude* ås

åc¡d$.ent€*i hy l. E" Ïtat¡åo Fr*feeear *f Fhyn*.ee sÈ Ç*Lttr¡*

?¡sm trmånere*'*yu *sg 1g\fu Hmbeå Fråse w**:mer fsr hås H#r$Ë

*s¿ aß*w$.e phgøåesu

þ#?tÆË daes *ï¡e tradltlsrs sf sç*.emeø teaeh t**f fe
teee&€æ ws &ldefffitg.sffi a,rs€ €çLesê$ffie ef fËæa*. ffið*
þeeærree of laok of fa$.tÞr Ín enet* be1tef, hr*
besæreø æç€tïf çf.w Sæ eub$ee* Êe ehemge, egd ffrÊry
Èm¿*k we hss Í.* only pessåe3., Bh* etrsnge thøugfuÉ*r ru***!ì[ may stt33, prevc$,T""

ãË, teacþçs us {Þ6*6p@f&üåen, nmf *nï_y effiF}?g
pe*mLe erf fks $ffie kl&d, but aåso effiËärg åfce m$ct
€*^væpsæ orågË"mø smd eu3.*uræs, #eåsxxee- ã;e ftrç mspæ*
sffieæ*s#ffiS &ry*sFeræ.t$ne effart sf amgksn* *

#s*e*leq $ltqp$,ry@# Tås wã.*Ïe a f,wæÏ"åntr eg bCIgwful^*
nEffiü rueË e¡f *æf$n*&ø æss*åþ*tå"åBy" #çåe¡¡ee *høsuås
t*åe.å S.t ås pæsçthâcy *ø fq+rcss,e *r¡cÍ *n *p1an* *¡rdthe* wë çsffi tâkç mur fu*l*r* fi,a æur hænðt* åf wehr* qå# eurçglqss *f Fr*fir#te@ ffiïãd mtlp+xø&*.tlæcr"

*Fse *redåtåen mf scåenee teaçkea ås üÏ,¡.st n*
'qrestd fuuüæg'#e*s *"w *nstfr,tuËåsx¡s ar wpæ&wæ ef
thmaffi*. shøçåú. €#€epffi æsmËåxrugÏ. rø*esãmårcatå$xã
mør'wþ þ,æse¡*x* t*}¡ep h*gw ex$,stcd mrnl hmeø beem
sl¡eeæs*ftãl* $m *hs æt&rçr hwd, S* tesehem $s te
esft#&ü'Trü whe$ å* epærætåve mm* u*efwå*

#ç*enq* üçse.hs# u# æe3f,*dåseÈ9t3.åme* Ërnç mxs*
qas*tårÈxsätrQy eerc* fer Ë.h* , $ç Sn srEçi6 Ëp#* ff.he
Îr*.*ftørg ef sm*æäe* e&üws us &?w8 åt åe a[w*ye
th*re.å

&*.f e. pË We,,p$f 6f"ql[.$gå*¡ëþåqfå

*hwmtsërp rtdt*emä$en* &# #trÊ eséffi sf eeåæËrû.*

cdraaa*íffix* we*& prrbeeråÞw 8s tlre æs-ws eg sç$enee edusæ*

tåon 5,n generel, wåth tTie s*ffis emsrhe,sts cn tl¡e eultl-
v'as$.*se mf qlestræbÏ"e egm*w*åc sa* æm,eåa3 æ***twdeffi, åÞTât

1Ëaþåu_[r f_r, BFa**h Í"n fielet:e#*r -].he åÞ3.s¡rt*g
*4gfiqfrtgo Ve].,'å#?? ffi{å. I", åuxnrmry åSFår B.Tffi



qtp*

'$.* tså*fr¿sm *** *wm _wtå4u* ç*såftråÌ*tãtåcffi ftqrwmrde tks ee?¿å"ÈTrë*

ffi#r,ie æi gþ.ese €¡,SÆrß* å* *he ht,gþ s*Fj. ffi3 3-etræl.p e?:,eæ5"*årp*

##rÊ t3si*ff. #,ys*es d*eÏ.* w$"*h tÎæse ffix?¡t3.q p*:eeremema

thef, ,nFø sncrærËenth È?æ purå"aee enetr lhet nmuås} tt're fiîår*

faee ,esm**çxr*,ç r*håaÞ* *tr $)eeåey såy6s eç¿3.3 fer a Ëte*qåned

þeT:å* eS' dåsasåæåriaü5*r6 ænqmåry emd dã.s€Få,mânatsng
;

Þe3lef ,n¿ *.åe3egg aÈ the håeh sef¡søL level"r.e¡a the

atkrçr hffind r ls s¡åthsr tsÐ shaÏ.åw sr est.wrsåye te sffer
ffiffiêk eser**,sæ fss s#ås*s æ&reæ&åmg *mry*ffi e@ þe**sf**
er åt Fresenfrs ffEb*$rråffaee phenemeæa tlræt ere to# st¿btle

Ser wy*ne bu* tleæ *3arye$,aFås*n B$.æes.Småuætü.n6 eme¿tågr-y
' ' , '']

ffiey @ç*W st e#y Eeë@Ï. eË eþw*mra*åe* ç $.* ås the €æ6ree

ef suþÈåeÈg *f dtsesåm$,me*Ê"8-rh thmÈ, &Sþ#ffi&r$ *e df..çtån*

&r*Ssþ Þe-twmen thç æ*ueæBteüåe,ï, væStaøæ æf *h* #*SførsmÈ

phryeåemI seseneÉe at tFre hlgfs sek*e3 lwel.n

lke es,mg çS seåefîae eduea€årffi r ed tlrerefore e¡S

eåmwåstpy e$tr*ntåwm, t¡acre been Ë# esmp*+3se$såryæS"y $&a*ed

bp mthær1 .Ërrdlff@ ewr*p*tent, mtrt3rcrñ*åæ* €k*t b*æåe*å3y

*he¡r ære pweþ*bl.y SlxeË* ä'hep &ppæe;r t* he d*"pç,eted.

fiewærd prwdueer-&sËîstÆfr#r cor*peteïreÉ ær¡d ttre devel,e;ment

aÉ' e *æåemtåfåe s*Èlü{åd** Å f#*aæs*$men* aråd regte,te*

mer¡t çf, tfricse aåms Ss def,enså?r3æ ma5nly þeean*e there å*

*vådemeç åhet È3ne ry*eæ s*wuæå*F &ee#s e stremgithæn*n#

ef å.ts ese$"s3 att*.tædeæ. f* resÈatætl¡egtt sf etsu ef



* ¿:I
å{l' *

*bæiå**rg edt¿ææ&å*ta HiF*S #r;eÊ*Ëffife ån ew9ægåseæ the emphe*å*

ë:.øwerdæ er*å&$.vat*,c?n æf f,åres& eÈåå'hr*#*s wfn$.æå* *,$d Í¡c tt"åe

*lqleåeå *ntegra-tåo* +f. ttre $M$"wåriumå.

ämds.emtqado ftlx* fol"åæ*9.mg *åms f*r ç?eemã"æ*ry e#uçp.btmr

*se ps€¡F#me{îx

{:.} err rffi{åersË&rå€$.Rg çff tf*e *cwpææ***en çf ¡eettwr

**# *lrø øt*en6eø tf urx**ør6uæ** ehd tlrø æøwep fm

ffiåæfu üÞ¿ås hnæI"err€æ eg,sls in*r* Sn ?-hæ *øst*ffçå *rf

ãt$s emçÍrot¡mell*.

{#} & rwve&"ætå*s* of msganås*ftSçaa år* tr&ts ehangøæ øS

ths effr#p*SËåen of rstaÈ*ep.

{3} &m æFffiøeås*S#ffi eS #å}@'e*"æwåvæ ct*a,ü$re ç€

*åtrs# &&d of tffiatÊ;* *mel ese appres$mt$mm sff

Ske ry$ sS #Ë.seæüeeã åwegåmætåmm*

E* sþF#e¡rff *xep3"åæ$8 *rs &fue#æ eåæe t&&A *. pmË,æestå*

få* et*åþ**# *rår"å þs tke ffiêeråff æff shesr sslsÉ.eremeæt. ##

tår*æ**åve* t*rcp €e wt citfffse w*h #ræw prev$,øt**åg

g&ffitç6 eÍære* w€ weçå6 H?# ffifr 6 stresæ eeeta3 nt*$.tudcs

as îee$îts.ecaË# bp Hæb$" *r*# $Èherç *hen És the 3.eüt6rr

ff*:e ræem6nË.ëåql,r¡ Ëe** *krey treFs#sÉ&* &Ê:lsçe cå$.f,fsrem*

Èe*eå}.e*hxeå l.eveåe *Ë appr*aeÞg ås th* æågaråS*,sæm*

çqg,rtråTna*å#trl es' ä&a,áp pe-æßeä*t"æt*.*frc s* ås eækæå*t@

eheè etash ræea&reÍ.*å*tr æã¿ws W*wåbå* a dåreçËåssr of
emphm,eÍ.e äsu¡ar€ç *æwä.rabl.c at,'{:Ít'r¡de,s, by påaeÍ,r*g f¡l a
sub*t#åæry pss* *Fls k*rffiäedge qn# skå3"ås f.&c? mästp wg*,*



Ï.Ç -

þe *{T*È6Ëråes E¡f *}rems.rtwy c*&r¿*at*crr* 3jþ¿e t}rræç $mÊe3-*

1*e*r¿*"å Ï.ænæ3"* o eppr*sreþr ån e eþesåp$rp. äesr#ffi ffiej¡.

þs e@påsåd*re"d t}-re #¡ewereå ebjeetâseeã *Þrey are #qserlhø€

*,* f*ãll"sws*

{s¿} 5he S.owest l.crye} *f *rste}ïecltueå æppreaeh åe

É"agttqpå de*eråptåmm msd kns,wåmrå.g€* . r& å* s#pr€ffsr.c&# by

the f,*.rst at*:* lt ås xrêses#åyþF ån æsdær 8e prevå€e tÞ*e

rew ææfiçrå*L frwæ whåe$: &ø 6ænærm.åÍ"p,æ* Xt prøvldee

snterøs& 3*p reåa&s.r¡"$ b$:æ mæ.r* åræe¡$ æf å-swsetågr*åmw &c

*$,deru e*Fë fns*å3.åær e*læepftr*" äË pr*eev:.tw rte+¡ w5.e*aæ

bæ üF¿e enqtaf,r5.nß srå.nd* ffia*fuær f,ræe¡ta*mtäg tþ.s þu.3.h etr

tsxf*e.wr8en* ç{cxeåsss *f wa*erËe}. f1¡rthersng *å¡åw l"æveå

ef appre**h" X*w mm&ssþ¡ffi& wåï,1. þç, kmsq#åedge, w&f.Ï}*,
æ6 Ïnebä.ts* Õff ftcreås åt rloee net g¡rovä*e fr¡r tfsæ

devø*,eg.mænt sf mtt"*trxdææ nnd ådæeåçn*

{Þ} å'}ee mew* k*ffÉaes }.æwe3 ef åra*eå3,e**t¡*rã, æppr*aeh

år-¿vs[vea or6æ*n*"raË1æno H]a,åeF¿ Erskæs gemeræ[ûss&åerk

pmææ$?*åe' sê *,w r*presE*rtad by tlte eeçesr* såm *tæted n

ËåameæËæry *pgen$,sfng aÞåãS*y f.s prmbætrf"y Snh*rffit*
Mst a*&åttlc3*æ sf d$,sçrå"unftræt$.sn* t+l.etrr*neeo &6*ffiF€ref$osr

es3"l. fsp e m{þrË emmplex s:f'trertåssmg s*þå3.å*y tþ*mt ffirs** Þs

develøpæ*, Åttg*ffid@s e$qr *.dø*ïe ËfoÞr fnwm; e*rÕärg s**b,Ëtr

th$n6*r r¡m€ærs*#,rx*åmg mxn# æppr*æ$.s*å*m* *ewpÏ.ets ur¡detr*

e&æ:rd*,tr6 requ$.re* *he re*åseat*.em *f r*$*atåære*Fr$"psn

express#- *,6 ffi€m€¡Ì5&I,s.seç*å*ns' ls- *he gr*.***r empï:as*.m



o ãü.*,

ås Flø*eå sm thø gemera3f,aaüåerÞe ef eheæt*bsy {{*e
åaws ønd, tþesråes) B ayd L*ss øp the sêff daêe f,rwæ

rfu*.€þ¿ Ëheæs eråæen ekeeåsëfþ' beeøree * åeeå capæbå"e eË
+

devø}opf.r:A ettltlrdes e#. å€es3s*À

lrr t3¡e deve3o¡ment errd ues of cheffigce!. ãêtrÉf,-

m!.lss*il.smg tk# ffieê& f*r d#.ser*mlnatång exaqatry l.* *a
appreant¡ the cÐür#eqtr€üË@s cf s I"a* of tntell.æeÈuel

hønws&g ss !ffiætateo th&t shçsË-stsy 3*mds ,[üeetf æL].

ts ?J¿e sü;"ti,çe*ù&#* æf tSws* aüà*ttxÉçsr @r*-r¡ {ftø &øwø'

*sttW eftru&oat ss@s tlsat thø *um ËøtaÏ. *f uür kelet*Ï.ødgs

€qHð
g.pçäg$ ## ffig*Ery slrã ffiylf
&ø reeeÉgw f*n*er nos*k* çt*çealkt &F3$, ë&t'hewe*,åøaË, pmb$.*m ååksr*S.ss hws

*ffiËÊA äû reËsÉçe fsrd&f æarkø* n:tth6mgþ t.here Ss
e ffi69þffitåffir ef æ, f#Bt.#&Ï- of 'thfs ttr€rd durång
thø peaÈ f*r y@nm* Is**gseeæ shew& re*
tl¡'enc¡. #¡ee-tlsñg- en--the lp-w-s. sfas ühæ.

ågxtet *håe åu rae*6rÈs$ ky ã.eeel edacptf.esleå
at*t&esåùi[.øæ Ë.s âHleateê þy +f*ø le$g-gçsw Ërømd å.n *&ø
Hanåtæhe ÞFpes@t *¡€ ffi$se*tåEm ffisÈpåçt*Iat$ryl fum#$**
ståGrls fer thæi.*try Sl. å Ëtrfrty of these exæ9æe$i-ene
me*rÉ,mg ffi SW# çf f*ryüF*{mø* y#ers r*sul"tæ å$ the *€ffi*i
s3wg:[war

'** g ßÐffis ts
eç # affi**øå* *s h*gfxffiüsg wtth nespøøt

tæ et3wr twø sfttr*ss*srg å*Aåeeå- s#sp$n#eo maxnolSr
che¡aåeal shortlheË* shleh reqnåres fn*eÏ.lfËønt
eantplatf.om* anü seåemtåfi"E LogÍe otþer t*ren that
dealLng wf,tir-the l"aws ead tt¡øesles.ã

eïëærdør¡ Franhn HÅ ffiSudy of Ërsnds Sn SøsÈ
$tsr*Ésr#6 ffi# þeúew,3ed fry ttr* 6$atsüemãe*åqm YmxË,s å*a
ffirçH*.$ùry Kl åsæ&d þy èhs l'$ÉnåËsÞã Ss@rÈ@€at ðf
Educatls'cl* (ÐnpebLåeþs* ç{rËFË* stteüyo Feeu'åty of
Eldusattsau ÏÍnlverslty ef þ{enÍtebr I,9FÊ}.
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f#Í?*#trflSÐfi tå':e ætm remrltæd fræm *he eæså*råned effmrt*
ef #ewær. #eræer:*o F.æs,ïåffisp. ,Éameråes,ms,u tnpaæeffër. #*d

F#463-tæh¡ vr3-røn ke *ææs that, the eer*eFereäå."¡* çf$oseæ

tsÉaå &@FË tlzss.s fþie ettm of &þæ l*Er?*vå*rsmå e.fferüs* *$ren

lee hae b*em hraw6&è ts æ stete çf readl.rseæs fwr *rueh

mttått*de# &s ãü*#F6s&tåe$ Hffi* gq¡Ï-ersnçe* T'$Brem be s€€Ë

**ea* €ry€$ tkæ mp** p*srs, e* fågw*e ån s*S.eæse w*é*

effi#sË! #Ë*ffi. èf$så 8þeeø w*rß æsvøaå*d $,n * epåråt, mf

r¡new*tlsnal eraqui"ryË he $"ç 3"$kel"y to appreçÍate enrÌ

meeøB$ thø *påråt ef $åwersmånetå*rg wquåry l.s¿tç tke
¡mçs* }aoåy *Ë hås 8ps,#S*å*næ, ænd $Frøreþ åeg *.faæ

f*t#s&åtrr¿ ffoy l[xte[],*et&e"3" *"m**p*srd*mee,

{e} ,&t *h* }råghe*t turëe&3-eç*+r*.ï. åeve3. of apprøeetr*

mÊaemå*try edgxcsatsor¡ e*r*pæ r*mes *S Fråç sestçe*e by

re'veæ}Ífig the 3fmÍÈetåú&s &f ïe1* w¡dereten*3ng, *md

the æ3"usfve nature o9' tbæ truth tas seeks. lg reveaS-s

æ*rG *ssåts the valtlæ *f stfreetæd lxn*gånat$sft, Ëhe

ds.ffrsræneæ bet'.*ee.n åhe rmrrfu**gr#*fååc'* 3.æþer*t'¡r?.

tÊßhnielæse æmd tlue gwråus çrho ørprere.e tÞ',e $ntrc¡erkfå
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þêerËÞËtFüq ¡{Tïespeså æen Sugrmå4E Ðe{a +rü{+ rÁTïË*$Ðts
*g"rÐd$s Þ6sïsgq{Þ -3m AEgeguwmç-xødue pÐTp$Ëq s*Ëp

*àxge ä:{Þ $g,n ËT{Ð ex dgrldæ *'¿ peae"rdøø Trñ *tr.ff"Ti #æJÈ

þûå{*,ðH Ðr{& r.ïg"ü{stru qaoq @pwm*.ñpe&iß s aog Ëug¡urtE
#E F-gø *ul üuuç4*tlnb ,ÞlarðË ffirxg"uer+*uw ao wegq*x#

süHÈË ämg*-goe 6ø aeedanÆ äqå. eÐJË rt*e11ægråsffiTcadxs
#t$ rs*g*Bsggeeo,rss fË.1*#;Ë 'peål.rËp ffaff€$ -T6 ËTBl.ã@+üffi
T[+Ti6 oaaeç**{xe püÊ{*SËðlJi gfl€Ðü Hepl Âcnga*uqag

, ñ$;Ll *s,wegEon# Jtä n@T+nTç# sr{& {fõ s*€p ¡,Ê1å,t¡ ,tê
1ærgFSco €ffi r¿1çe _ËuçXwep ¡t*T¿T&ps Ftrçuxeo-¡ powxald

HË ä&Ër,ÞÐït*rd dxorys,å*q€T eqå sråTgåp o{æw ag
"a¡oøfqns Teçatewmoã pü€

EE#üI+et$.a sq+ pr¡r, úsaç4e'u:oq+Ëm rrgøg1$try ¡sa*t,rslar
T€TasË Ðql 'meaua;+r leag$ogoçq pËæ 1eaçs-rÊt4d a--{E nF
.dq;egnag*Ãed e.rÕ-?¡Á å slrref qns Áuuw uj lfls ËêTfi+ Iåãsq

6ÀËT{ a,rnpoao*d ;laoge*oq€T Js suol4exdËpÉ saöç.ÍËå.
*aio'r+ +stt* äã{rr# "s4oø$qns TTH tr$ +${¡ {$eryugæ-t4

Xæaæw Ftxç #sltflüuÊÐ* äeffi[ uç d'¡uo +ðTr r¡{?€Ê'¿e rt*,.t1
*ë.[s'41åT å.1+ t+ *n4adury ãtå1.ri¡j ,tqæ*aqx trãugep "ti¡
ü.rBÐT ràÊ'i¡ tÁqdoselTeïd fiTE qt¿o$ +Ës n**{1aïee; ptre

Is*@# #Ìt,Sn qseE #Tq rÃT ¿,tonæ11 n?¿¡ül ul '*rüå

*h.fç

*'1'¿ øw*åaqÃ ¿qsf dT

*rfriF û
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ËHäÌÉr3:$,îct€"*t*# &yr¿ freegu.eintly eixres:*å"qæ* ån -v¡h5.*þl the

åndå.ø9*arn? d.æpe¡ng*rc.?*es 'i;¿:r ?:åm"se3f t?:* eÞ",*pcãS.ç¡al *?iar&ç*

*er$"stf ** *f ¡*trr ç:åe*çffi* #3: e*mp*æri*ç tå:&c þr*adenÍ.rr6 *m,t"

tþ.* s*rnm¡rp È.mpr¿ct tqÍ resrrS,t ln a þc¡tter *r.:slm,ll,ntt"væ

esåfrrnt$.*!:. hm Ï:a* l¡eesi 5náJ.errt.;*lrl' sueh, *:rer*åee*;

sh*uåSu vrhere pæerih3.+l1 ì*.øir*. e{* #ffi}É*fa}",S*s*tå*n,

ähe sf *$¡*r ffi*tå*tee3. f;eeåetF.

f*r t}'r* ffifmßy *f ltdr;emtÍ,msä ås tke fårs* eompr*Ï:e¡:såve

ræpert by *lr,at hu&}' f^ry *3p* f'Ë.s[d æf ssåer¡ee eÉr¡es,tå*n¡

-TtsdË:lffiø hy *kr* frer¡uent neflæfecleÊs *$ Èt åK çuy.'*råsrs3.:^rr¡r

*enetrË*tÍmm åt s,ræy be Etwsr¡ær¡d ta he m håxhåy ær¡thmtr{*

fistå-ge s{?rã.ssw* Sxr f,t ffiar}pFn ffi, l{at&usn* suggests *ærfgt*m

*nb$æe*åvew tket may be çt*s$.sled bp, åah*r*tmry ltl*rfsçe**,*er

ån tlm hå#h eeh*e¡}"*

.i,, l,f!¿rs sÏevmÏ"*pr*nnt wf **mpu'[s. Læb#setçar$ Éeeh:råquø*¡
r',tp-æ-Þ mm +ræs.Ëh-Ímtr r g3*,ss*!:en#å¡j¡Hr: æ*.çlrplas*pf.e rreim**pulatlon, Étt#.p* Ë'r*vång *"rxã *nãsh3"*shång fsr- the gnaBåÍ. k¡å¡xsælf
prån*åp}"æw wh$'*h hmve 3.sn# sår¿*s heæi* {sç3"3" estmb3.åsheqå
er¡S gene::+*L3y *.#g{rä}*æ#"*
3- ËFFEff *.*:æ l,æþ$ra*æry &# ffiffi ånstrrsm*¡nt *f ohgee*
#F fëhf.r;gt teaeh,f.r:g, eabemrsS.mg t* the hlsÈ*r3eäå
eoneept* sf Pestal.çaaå, frcmenfus, än(i E*sesjcw.
I. mFåry$ &h* leh*qæt*ryú fçr *he pt¡r$*&e err *evøaup*
ån6 hetäer ffirÉere$årådgxrg ËnË* sntêirpi;e*aåsq¡n sf tho
grlrygåpråqes t*ff tr*å*n*wo aç s ffie&Í?s &g: betge.s åf.åus*tratåsn.
i. H* pr'**teear tr,såmång ån tB:æ ne$"en*j"få* m**h*d u6* S"s # rflgs{tg *f p*ssåbl"c fystn$"nç tm th.ta *ngseri*
m*s:ùm.T. s*Ï.uÈÍ.+m *f tke pw.p$.}"*s *:,ry¿ pl:*b3.eæs**
?, iqþ¡+ x,ss r¡f lh-e ]"ah*rÈ;tnrg #"_q .ß ç¡ärksh*ç> .fl*r thæ

'tåSç* p#.g# fl+ sS f,k¿åer e*ï¡dãr.



'*dg u¡å {{#ü*f ß.s Sraçr¿rllçgqng [{}$r{ðg ftTfqnd r.TTg o*gå,$ffå,
*urçsl,:i,l E¡tT+€tTrlr.j sû .fpn+:: ælt+ ,i*_Ë "dqi*çi:.":;.3 {'Hufi'Í+r¡N 6m

*ffi r ** sg+rrtq*',; d.negrnir:.3.è;;r,}i.r-¡ r,ãi .Ëåü¡A.r*TÐrj

1rrt.p*,t;4g er.d+'Ji.S $üE'ï*;3.î?sîrl¡¡ n . H,4tl1a6 {..;trg:r[']'Ë]1tr

*ffiËtã T$diid. ðî{+ -ã{3.ií Suç¡d$çãtåu+.s{Þ puæ *txça*#*å ¡ }

t$#l?Éfi?ËsrïTE

#'#A+âq J$ slårrårtr Ë ËB twaueça* -çe u*gdgat*çxd oqg

Jic; qË*låTårym*d*øçuç puw Fw'gpì,rËA#dË$sri #&*AÈq äm1d*

. 
*{ërs^#p ¿:m mø*d*ru$ wl"{a. sør,F åa$¿utr#{¿Bl sr¿+ -$ule* *T

sË#eËT1s"$ #ë *Ëjr¿$'.löffi** sq aq#Tw &waw*är¡æ*[#æså s$qt
úpe.d+çæ*ap Apu*,xXH æg"rêSçsä è?d+ *4 ß*çp***ag **+*ç1*a$qo

çqrüüåg;:lp @î{ä tio ë*råB+,Ã#{är.ååT Ëitg3.æl&.t #i{& êËËsuq#rue *4

pestxex"eæ&# ä¡ã6rr{ $f "$f 
€rsl+'Ë&î,ltre Á*&sçffi6"¿lð sä **uwpgnffi øog

*###Érs ãsJ:g* q,,¡Ëgl¡"; pegænb *a*96**$qü #s å#6 &T{,it r-Æpngs

trTi{& {frï p*rÃãçT{,{rå**+¡ *4ïsnqga*"x$ wæ {xç}låËõärËs ds&rçËe¡+r{*

#s;i Bl#s+TåÐ #,{& Js ?;{*$TT #Lf+ crç #?##+? ø¿S4asüq{} iræ

&s,eäpçsri*â #{å +*xã,råwä äl å n+*çga*fq* a*i4p# ${åß sptrËeÊþ

#ra6*ffi w sT I **Fãaæ$cåË¡ n*T ä:Tffi d ËëåËSãsgqË gË ffr¡ËäsuÐ*tri

,ãqÞ #ÐË-äell#-r*Ë Ar*6säSfrA#S# s#*'l #A€ d, pcä# # eaåë+csfqa

åq Ftr* $ s#ilE*ø*f*¿* ffi#&&4,&q #*€Âe;s&JíãtçtÞ el+açT ËE ð##räe

?€r{& sg*e##nu p*qer*Þ *æ*ggæ*gq* *q+ åÐ råü,ç+EHle{HsÐ Trrr

*ê-å#åt;;# Tirffåå#g$eÞTl#fi rãB Jt{s æa*ç4oaf{s #raü},åwÂ #r{+ åTirðsr

gweÞæ Ji# #€ ?ËE'g æ6 d*ax+"p{r#* Ë {?&æS&EÈå'ç pT'rmr-lcç #,xTr*T*{ä

#l:.{:} "F{ã #ä.ÍHæ# *eçAw&g.r#r{*r?tr 4$çi{ Ë êipq& auige 5* *.{gçaæX*

#i;¡ ð"qws ¡årå:ð #åry 6+9,;¿æg¿øa$æ¿ á"ç;''*grr,açgtwrä #T +.1

*rîxårä# ilq* rrç .ë;3$u*ä*,,f:t*-,-ginäg$t"-ill3,iå iä ËË;iii

ñ Lb.
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r*:åf pråe;eåaåør IEå:S*T: lrr¿E# 3"*x6 $åÏi#e ?¡*ru.r

çstanlf i;trrr:*t:1 i¡ïl{i irî'û g*nenn]}¡' ac*ep"LerLf ås

l:er*lL"'-,¡ ti:e incr,i¡ctíve rappr*æeÏ, ¿.;ri th$"ii sård¡e

q::h$e**åve:*'jn:l* nhJ*ctå.r* f rr f'uftcis,sa*,r¡ts*1. **
thÉ neqarå*l*å*n of ciçsi"r&bÌ-e mË*åtuclæ*, ,ê*#mr{3*

*nffi tË *ïw *r5.tsrååå *ånæar*g ss*a'þ3.åshee?.)

Ê* ff* pr*du*e tretsm.f;,ag $r: åtre æcå*n*Sf$e æ**$u¡#*

i* T3cåxrg the 3*,?wratcrg, åf,í åru å:x¡s*rt:m*nt sf 6fu;*ew&

r.itr "th$*lgt **acÏ.:ånffi Ë.#**x,d.f,.m6 à* ähe þ.r$stclr*"*a:.

e*,rieep$æ qlf F*e'*æ3".e,ma$"u fiçsenlust ffiS ãt**ç***u,"

An ***trn$.mry *bgæ,et$.ve*n *iåe*se frþ¡e så*å.{etlor¡ perr*$,t*,

the f*å3"*wfi't6 sh6w3.d be æ*tædr

!¡ o ,Ërs e ¡iËcarrfr# *f Ïr*småþ3e wmånÍng åså ähw exp*rl[.*

fa¿Wèaå s¡:åutt*xt så. tÌ"l* #ïãpå1ss sr#l preibåem**

ffb$.s: S..a' Ëdr? estem*å*s sf *he æÞ$me*Í.vøn rt*
px,cl#ue* *ra$.n[ng *¡t *,]ss sc$.e$&*f'åe w**h*dr *

5 * ffjþz* usç s,f tþe åsbslæ-wt*rg ä¿r & work*hpp f*r
*Þr* *pf,*dy #f øcåsn*s pr*b3ems *Í.eli a.råæe t"n tãle

s*åcåãr*æ *3,æss *3, Sn tB:e 3.åiie çf the ptpå3-*

$hås år veey ;ïf.¡r3ler t* mhg*e*åqrç fr g*sf,"

Srnee*d:ÍnÉj" fStc*æ ttøe ebJe*tfi¡ree represewt

ffier qyp* *f exteRÊåðn *f äæTpermÈerry fun*t$"*ts

Èhs& å$clreerre:r *hç¡ sq¡*t *fl ÈRæ 3"*b*s.wtrry work

þr¡t}¿ ån tåmç emd. S.n ï*sÍtëS*

Ëhe w,eqw.ås$.Êsc¡¡: r-r$. Ï"m?-rsl aùty*p sk$"Ï.åæ *hnraÏ.d, ke neept e,t
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e rûf.rååEr,il¿,¡ S.n oyri*s' gie:t t* c*æS};s* t;he ;:':ur$*r *hjr.:*'î;åtsæ*

ihe Semer¿¿å df"rercf.;f"'*x¡ *¡l sTr*;r'*å*try e<3ueætl*n

åg3 ibåre ].eï:*y***ry ?*{}e'*rr** 3*s* *å*æ,r*e*,b åf i:3re oî:$*e*

*.3ve* *re n*'h c"e"$ke* S"n *ctåer rf årnp*:'tlx*åüs* ,ih¿¡ yeau3"t

s*m+ti.m*g åp * gr*wfih ef exg:*nsÍ"v* *trd *3abûrate

3"aþðråÐ*ny wo.*r1*,;*l:ceg:s t*i*s.Ëi e$åå*t funeÈit*xr åg nç 3*r*6er

fr*rteåmo ffi;a* thåe Ïsae trråkøn plaew ** ånciåeæte¿$ bp the

mu'$,tåeflsree *f tÏ:* 3.¿'"ltcr*9*r:¡ Þp Tåenry {,i. $,å*:'yåËi#å}.g

*,k*-B #tffi' €ã&T¡*rste k*T."çr.¡e**Fåem çan he $tlætgfåe*
ë1Ë ep¡lärtegaxte**s_ eå- -genern]" edr¡*mt,å.gn ås m*mr*ely
{}g}s$ ** d.*r*htg h}'iæy }t*v* r}# ãittrpÕ"*e S.xg ç*n*ral_
eiäuçætå*m" ff}reg bøåong ts tfie p*rlort mf *peeåe35"re*
træånå.n6¿ å.n nþiåsþ¡ *he prl**rry Bn*pr:*e *.s t* #cwel*p
$"nvestlg*¿ters" tl.iet ås, proÍ'e*hl*¡nat peopl"er who
r+$"1.3" k.tïçlr.r }r*w"ti: r+ettle m**t, pt:S"n*s w$l$"çËr, sn'S"*:e Í.m
Slnof*æeåçc*s"å pr*e*Í"e*. ..T,,absrätsr* rs&tsg-åmås ef tp,*
i*c9.e'ms+-r tþSq, åæ, ttre sene*n$.efy melreeå *i:c-¡.tr3.d k¡e 1,3-raå&çd** wkat the rsfutåæmt eæ¡t lå#sr fhe rusw mf #,ue3å ,ffiå,tsr*
åe*3.ç Í.n tl¡e ss-så¡¡¡$3"s.*åsr* 5rer¿u5.fic åx 3"5.xi$"*eú t* the
n*er! of puttåmg Bho pråFåå tsåtFil.n rææe3"¡ ¿l$" exp*;Få*r¿cæ
i+}iiqF t:&r¡ åf3"ï# i:ut *Í ,llFlãrmå*ra]. *r¡seta*t wåth-*offiet:ste
epg¡å***v:*see eftd skg*rl'atÍ"ryxr cr* prs*&ssË*: $.n ÈhæÍ.r
g-:ïry*$.*ri.3. xmm$.S'estaÈå.st¡. ::.iEs*.;;r$,Lståç:m åm åer*rnf,*6
fre¡me eqp*râ*n*#, Ëå* ln sç$.enee tÏ:e wr*t Í"LåurlÍ.r¡*
g!:isag æsper5.encrÞ of'tæn *fåð€ê &u,t, &Í' *Ïaç ssr¡terep3_n*
ülort mf pr**e#s#s et wÈrk* fhe enly gu*fiåfåeatå*n
f*r' apsS.gn$.*g s 3"sl,tls,**{:*f.F exeg'**"se ,i;* be t*.{}rkçd
åç esl *fff.rma*,*.vs arcsw*r $* tÏ:,* quewåå,sn rsftlå *hs
*:tereÍ.çe pr*p**a$. r+*ke be*t*r æss$"r*ãlatlt¡s e+aser$"aå
*h*sx m c.T€m*rastrætå*n d¿åch ths t*a*her **"n pi"e:*er*t
{3p #" c*rrtar$sr sesf"ÈF af page.._ 9n t}:a ewså#¡:ed
reaäångt lf thë apparntus assf.gne$ fçr üs f-s ss
*l,sh*.*e** t!¡+¿l ti;s+ t'uF*l åe *båågæS- tç åçarn a
sf.Íffåçwl.* -*ewk ** w**Íg*ulatåsn, it Í.* e:¿trerneåy
t**3.lke3.p t3sat- pf'.SlurtieuÏftr Ëésåef.Ïrytåve va3.uä e¡n
thø estf.t åËsæÏ.f w*.3.3 T:e e*ntr*.þRted.r



-B'+*
' l-rqt-nå 4.*-r { .. *-,+...i ^,--¡*.-,â-{ ,-*. ,: - --; .1-:s.¡erå'Å,&gilglr aç *ü¡;*efrøiúå'håLlrl i* c¡¿j:h<* r;åab*r¿à*G

3.mï¡*rg*trä$ Ëåilp3"r:;yå"ßg st:-a?;*i'aÈ* 3r:i.:*r*t*x'y *kåLf,e*,å[e

maþ-es å& ;iåaåru "å;j*e& fut hå* ÕËåmåðrå tn:ar ¿;gqçixltj¡x¿ ,ri'

ã"aþeraÈøry skå],Ïs åa .tf' åaË*#$Ì{:ery ;fulr;,*:r+;åÅT-të{.å¡ gt åe

É'r¿säÞ¡es *v$.derr* tlreå ãe þåe {;h* 3,eþ*veÈffry åe *å åëeeåf,

rBð snd, hrrt r*,Èkles íü#rel")É' ans¡th*r S**å "ny ææexrs *,t'

**tå*h søsårsåå€*êå:rE ;ssÈerÈ,ê3. mair bæ pr*Ëesl.**d tr¡ t.lae

ÍrfrßåI¡l.düeL,

å,rå&k*rÍ.Èaùåire *Bån;l*om hæø ï¡*en *å€ed ån *rder
t* e3ÞÉw ålrså tÞ¿e nr¡tur+ *srcl fi¿n*âåc'¡i ç.f åeå¡pr-ratnr,.5l

HÉårk esÉÌ ##TÉeå.effd bp tlrø felåt*wång *råtærÍ.e*

L* titrer¿åskr}¡ åabsrsèory rsüals einphasår*e the

më¡påå*stå*m *¡1[' Èhw se$,ssetåff.ç iwet;iÞ#d tm ffåreË*]e*nrån

Ë*mtru.rtæ¡ F&w cicta¡ å¡n sx,d"er t*, gerår¡g a Ïf*b3wm gg tg
å$ç$gt" e qu##tå-$åå*

ä. fäae pr*b3.*mm er E¡*ee*åE*rs ** þç dæaåt wåtir

shguäd l*cë r*åe,tøë t,* sð¡B& ffieftsrsååaaÈå,o*r pä *þemåæ&rp,

mnd sår"mråd åt*Ï"p ts el"aråf3r åS.

3. t)Èr*æås**y .Ê"üå?.þ#rmÈ*ry werk s*ïss ffi*årv€s ë* brs*.Jæn

t'h* sëti$Êlry åmpaoå of ø Ïearmåm& siitçaËåçe:rr s{} t;hmt $.È

me¡r rêætå3,ë $,n æ å¡sst'ber mø.çS.m$ã.s*$.oc,r.

l+, Ëhe *a*qraåsåt$*ar $f labos.e**r$" sk$åï.e åe e
ffi,eelrs üotenfds th* n*re åmp'uæg'gn*rÈ ettê-s ållst süate*.

5, l¡nh*;r,ah*rþ' wr¡¡h s¡i;e¡u].d *mpl*g 'i;be *å*rBåea*

pr**e*t.rree ar:d skålås thet r*$.3,3" siåfsåç* t* $"äåu*Èrste

sr eã-arÍ.Sy a gte.*båem,



*15*

ã'he*e er$,*eråa e#FFy Ë}ae åmg:ååe*"*$"wse eif- g:xaåd*

er*.€e *$€ svsn $f ræetraånt æt *Tze ?algþ *ehs¡æ3" åeeveå.

'ät å* *å,fËåcul.t tq: f"wer.gå*e* thæ açe,r*ge åaå6la æehæç}-

e*Hdesst æbLs È*: dåræet ?¿åe ef:frrt* effåeåentÍ,y ær,Æ

eeÐn*ì$åeæåly te$ragcls; f,he g*aås s$sff#stæd wå&h*pta€. *t¡6*

*åd* geådør*ee, ÊåB¡r åæ'*,8¡åæ srcüe$.de #äå{*es** *æ funets,or*e

enc¿ whp,È ¡m¡st be 1** nattæe, tso an*Í.cî thåÈ æ*sesæ gf
ræs&rs$.nê 8ttæ* em#w S*r peæpet-perfeirt*enee &$ï tke pert
*f ttus *€edømtf lt ,ås LogåeaÏ- ä}rm,t ttre mesä gffi*ee

s$ $bss sürftÍy shsÏ"ä, #eel, wåüïx *fuw effeeÈ så" guådasree

*'tt tå*a mm*lrrç¡ e#å& *Ëså*ts,eg* gs 3"p-****g&*gF tstÞnkç å#g çrd,#f

*s æeek eråter*.q ff*y Étådå gøådwmee tå.äet $å1.1 çtpåke s

þaå*see betqr&'æm "llhe sn*fu#åffi€# trf r** gråj$rlan*e æmqd eïr#p*

gts$'dmea*æF



*ËfåFqfFiffi Tn

tRãgþ ËÂ ÅFf#fffi# *TÏä {F Tgtri f$diËr,fi?H Ðff
&Ër&JffitH effiI} Ïtrffi m'Ffp"#T üffi &&ffi#ffieä-ffffig þf#F,K

l*bormtory rF&sI{ åw'eLv-es e$.*Þier Br*bãam *tlår$"n6

sr lÎ-ål¡stpsÈå&Ïå" Xsh æå.tlr***' e&#e tliw prub}em eir å3åuE*

tr*t$.çn mtrs* þe ússÏ.at€d src¡ra * ffießü eå' Í.rseåwmnt dæte

bæserç å.* s*¡s bs t*ærd1çd ånteÏ.}ågæn*åy* ffkrås äash ts
ee €åfå'åfitl3.€ that *ur*al.åy ** tr*as* bs lgrdæv teeehe** *s
rummumï. gnnådmxr*e " Bhe d*gr6Ë ef d*fårtÉn6 thæ præk*,æm

€et*mnånæe äo æ åer-6e *xåemË Sliw åw6rçø ef æh#ætt

ssiå*åaäÍ.væ **så ætædem8 thtnhflmg* Fur€taerrirer&Ë a$'ter
f&e prmh3.em has þeen $"sm*ftæd * süußem& p*rfmrffiË¡e@ ffi*sB

,s*gga þe æ*åüæd fsr eaåç* nS ææor,mryo *ff$.øåe**3r', nnü

elaeå*p *# tk*u6hÈo tr?:É.s gwå,damem wtr**ngtbqns ttre

dåsçåp1åmæ çræ*æssñ,try S'cr dåseardåmg Í.ntæreøtång ssd

6*arhap* wËrttn*hf.3æ så*e*åçffiÍes that mf.gh€, d*ts**& fr*s

ËI'r* e:c**m* sf #e*dæ*ssæ påremffiRy ånf3',ierrees thø
tþ*mkÉngr tþ¿e gwffi*ansttyr ssþq3 the rss{tå*tåve çf, *Frê

Sm$f.vådnræåo lndæedr Sri &Ër ev€r*gæ el.eæs åt wæy r#æeø

tlae räeån prnrpnme æf the l,shra*ery e:çereås*,

Ehe f.igler¡Ht,m, SF ,åqÞer+t+ulr Gr¡ derrE+

-$6*,



-3?*

tþe el'f*¡r* *å" &å:e 3"çs¡r,: e#6re##åTe S.mçiås$.çåus¿L h* æ ffiåFF*t*
ååh* peeff*r,æanË€ $$ütr#s tþ¿e e3.s,çe 6trådæ*eð kår t&s*sFe*:g *y
mm&uså* l5grcå*r ::r,:qrh **æ#å*åans æclrt#+:tå*EE *"* repåcxeed

lry træå*"*ågå6, u;fy¡å* å* *l¿* c?å"Iq+mr¡*n -,fhå*þ¿ faeæe th#
*t¿Ëhgr æf tþe æ$$?si¡3* +åtk¿ær tei p.rwv&de n **.tt¡æ&åmr

g*åËk ryf,æåm*m gnå#*me* w*er{$ the sË.nk¡"€B*#tr#ËH p*3"$,ep wå13"

prædmce #*ry *ewe ø*uéesl*ø r+ tm:[E ascÍsnåLsåtsvç *xgl*F*

$"esree a* üke e$peglse sf' msçher *&!eer *ssuå*&f"**6 *r.&*
prwf"#.æ e3.ose gwsd*me* $n . sreåær Ëe prevæmë fr32æae $tsx*er#?ås

emffiå*K*È*** *t tlræ rs.ak *f *tuåt$fpå¡ag e**radwrÈ $-g¡geauwåtp

emd-#yxå&åm*åve. H?¡er* 6åe,ssee e#6 tplåËe*sffiÏ.y smæä"3, å€

åm p*.*es"T:s.ær æ.f *mr*vse* ê{p gåve årdåw*.*ue}. *resgmç,*l*

Èh*t aïroåd.e þa'üh extrerne*n, t'låt $,ffi ffiffi,H$ edrå€at*.CIn a

*l¿gåee muet he made.

h'Paæ e*. tP¿e Hæ&åænæ,å $*eå.**y

fsr {&æ seu*ts øf Hffw*c&$.çm dåsetseess thäs d$.åewms.,, *kme*

Frcb3.w eæ3v'sn6: **&*nrf"tåes &ræ #*r f,ntætrraxl. parË æf
weåetl*e tea*&Smg æmd l.*awltnän am€ äft*-ç*$.efx*e
åaborat<lsy ås a Reüura3, påaee -for tlie m*påÏe t*
en86ËÉ åm 'üÞrese actÍ,uf,tåes* fs evcld tfiä il*s*ko
tptk$ type, sf S.sbssatoeg w*rk¡ ffrç f*ãL*¡p5.ng appreæ*
eh66 €är# .*;u6ggected I

&HF*F r¡f, s
ryyeb[çm., fup$"å* cR:{Ìtsåd be enç*t*s"a6e4 t* eþsre åm*hg gpat$.m6 ef prelråeres æ¡r& Èæ *hø*F3æslr,Ï*m6 oS *heË_r
s*[uÈ*.me** å ee*mp*retåve æpgweæeh-mey bæ-e#*d"åË*
whte*: È.*w *eseher 

- 
rs6:+*s up t..Ëõ fåe1d qrþ s¡tqæstggá*

tåes:o drawæ Bffill the expeãåecnee æ.f mrm.{}s t* eîåäsætSæ u *peqræ !$W!1 *he e,*rp*, æf ptxpåås t* *nggæxt
w{*e{# ¡*r*b}ønae *wå*t¡ Fft{ t}eeæ *me*irrågeç teew ,üä
*faËæ *þ1.æstate sF*e probã*m $^r*'&*rel.r Ërryå wefdËr "-gå.r* 

t*ae&reg
ehotsl"# gt;ldg tli*r -g:up$.3.n ån sta*ing prohlems e3earl:Éftp-rå¿{*. gryåsg anæ.Ërt*-Fs.ä"m åxe e*a*smg probl"æms exeær}¡n
mmeË e*mæåmaßy* Hæek g¡r*blw slwæfd" spøsçret e ssr.$eiprøsent e øSr*gåeo
m3.æm,ulp #efåE+est qr":,***k,en wh$.eÞ: tpc* ei"ass çd*ffä tr*&Ftrffi,*



-\*-JEi*

*båg fue e:xpe**ø# te¡ eæ3vø r¡cr t*?e þæeås *f r1æbm
wkåeÏ: È*:ey *?¡taår** fflwe+txglwu* *ke Ï-æboræüerg
pærå*d the fteaeher *þ¡cluåd m*k* e\,*æFãr æ:lifs$S g¡'r Ëêê
the,t fthe pwpåå* keep êÏre *bg*et tr$ the *xper$.æeeæÈ
øerntånuæ3.3¡t 5s1 mÍ,fE* *

ühe p:rpese #f
$,sasr¿t*Ï" .fsetæs

thø e*p*råm*mè" t* r*uggeæt, t?w åxgler*
æsM t* F3&trr tþ+ sre+e$$Ë,Fy çr¡mtrm[g*

***s ar¿*ts

ffi&mæs :$.r* ä?¿æ

cãepem#æe '*,rl Snegø ,$ä#effitp#r r¡tå *he
eË p'r*'Þåømw

*bå.å$Sy t* ør6sm$*

wF* #Hê#e{ååmgä-y .åwps*-tsmt å.n lwdmrll 3å

ãËsu errår?Ërffir æruå *n*åyfr* d*te" ffiåf"* *reæ6 &m l*a
g*,ven e*neÈdæssþäæ +pgrus"tnn$ty f*r pa"aa*t*eø S*r
æs*æ:.}rwå"Rg detm from p*,mbã"*m eåtxaÊS"çmw* T*s fve*
qt**r*tåpr Í.m 3"abøvatmrp sscrk ldë ëÎå,çs $.simed,åm,teäy Srwm
daèa ü* e*æ*åtesfl,*m** Ë{*r'* *Í.sne sh*TåL* be gÈvw*,x t**
prøp*rmå*lg, esd tea*Serg ålppet"Êms@s! m-q tþ¿*ss ,*þååå*åeç

ü

*ssggri
s *ç gu5.de tlr*

s&""ndmt ås¡. the eec.cûTÞÏ.ætåøm ef åmhuræ*mr.ã¡ rg*rk* trkae
s$lmsåËæ çsts*æise *f *h$"m E¡rse**e* È* the l s$#tk*6p*
çw5mr methed å:ß !üfå$"Êh the tesetrer prevådes tÞe
matwåa1 bw* æmpce€e *rèæ #t{rdffit ** Smnent }¡,ås *m
me&Ïeød eff åm:re**ågaËåatu" åggt3r thæ Ï.mrgæ asxrÞe.r æf
ptupåI.* wwst *maehers lsmne tcl teac!är #$Td ¡øf,tås the
gromt weptsl¡*.ãSftf S*.t *r¡t+res* snd f;rltø$"3,$"ganee
f,mgrê $st ss$ense çLå,ssee, $.b se@&s 3"åT*eåy th*å a
happy pedåum tsetrr*eæ *¿ss* tws mÈræmø,* m*y Þe
f{"fl}r}d oå

ãtl* keylt*Ëe $,ru *h.*s* *uggest**:eç $"ç e prep@r

F,:e3e$cs betw*en *æ+eb,er ilr :H&ärîånl" æinåd*nce *m# ættr*s$€

æxp&er**Sçm* thå* beå*x:Ë# $,e affæø*æ# by tlw abå3$"ty

mf tï:e å$#åvådîr.*3 teaeher *sÆ þg t?+e mm.tt*re ef the

#tr

3Ëãeås*, iÍLwo*d Ëi,
ån 'åea*È,ån$ Seåtrtee*r F-eg

t'F¡e &sþeræ,*orp
*f *hæ l$at3.*re¿¡3

elege3y äfte sr#se*æçS,*V' *f pe*rm$.,1*9s?# *nïp *eîtr Trerå*b3"e
S¡z asa øxper$meu*t. Freqweeetly by r,ylse qlxea&åunåmgg
æ¡t* *f"øgtss¡.s$,em Bl"rs t6**k6g eftn 6et pupåI* *c,t ç&*Ëæ

*$oeiefir fr:r tf¿e Ftudy

3*fr@ E*3s *g

g#F ætr



3B*

ü"n*$trår*.sel sååæe&*.dxg- xt çær¡**t be e##?sffiei3 th,r,t 'î;å:æ

$,mcT5.Ëåç3.tE-aa.i. t*,reli*r å8, aåirays **reÏr*åemt tc] gåve t3ec}ræx6ål

&Tcl"dä&äe* ,& pnån*ø* reru*¡*.æ3 ås sf neô###å*y FSgåd ¡ efiÆ

predetemrÍ.mæe V* f$"t cdt?et Í"æ *kmwgkt *s h* sm avereg€

nf.tt"tæ*S**p n#t $*sæc,r#åså3.y *træ åmd$"sådrxså e$^*r*ag$Ëffi,

s¿ *ffis sut æf tï¡e eIååæsærs, w*lrå* hs t* e*ns*trråçg

a m*r¡ru*Ï" tha* prmv5.d*s f*1r3y tårcr*ugh snd eompl ete
gpxådæm*ep üb*m mrsæsænä *hlsg åff ¡aueh as tkæ år:dåvs.#r¡s3"

es*tsmtåçs¿ wå3,ä Fsr;l'ts.åü hy ëeæelier gw**ænce. yhs åøþ*r-
atr.¡r$r pørå*rå q*uäcl be6s,nu tgåt;heîåt refeeæra*e ts the

m*mre3-* &F m €#-eþþBf&tån*m *ævæåepn*ne frffid" cå$.scqt.ssj.fitrÂ

,",f ähe ;lr*?:}.em. tat*@Fe th+ såftrat$e¡n perrnS.ts l.Ë rnlffiht

Lead t* s*n¡s $nd$vf.r?real exploretåwr. ffÞre exper,$.memt

?rsÐ,ld 'bh*m T¡* r¡cld*rtske+n by tå¡æ elaes É.ås a wiro]"en

usåsÏ6 s, mærw*s3. crå*h rmth*s e*m'påete guådarnee. êfhem tkc
#a*a $rwvs bsen meeummået@, ftÞ,rer* es:exs.# fr&re"n be s eÏ"mes

#å*em*så.ffii on tkælp n?#&, fæi"3"$'ne he€k 1æter oe¡ ttgç

r*anuså åå.reøts.oæø* $m &åre s*,s6 of ttrs brs,gþb sått#smë

f"çr *errsqb$ræÈ$,erc *pf tF¡æ th,e'engh* dçve3^*pe4 bA' hf,ln*el$*

*r,¡* $n t*:* cnse sÉ- Ë?¿æ drä*,å, err *$,såErtere*ted studer¡t

fæs a eþ*¡nxre3åång *fl 3:S.* thet-r6ht.

Å *twvc¡r ef ssîfiË re*enft xx*eËHåeåsL *stdåes&*m ehå&

tår* ehæS€ffi e$¡ffi€¡Elåïr ir*a6e ås *m prevs"dø e:ctensåve æmê

ååfær#*rn Fragtk* t*A¿r åxrt¡æ**åg*tå*sr *f *he {Msrfi.*
æsIær ff*nå.*r*ä *f fi.ever*å3 *i:¡e*aå.STey pipnra,arm'ù {qrnp-T}r,Êär,*c
€srlpsæ. Ê,t$S,ye F'*era$"ÈXr *f ffidmeståono l3måsræregty åS' ffienå*tmbe¡ :Lgfi3¡ "'
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*å*æw gl*å*åæutcæ +årææ*e* *t *he &v#re#G S"ffiårrå#rueå¡

magær$"ar s.tr#åw**w'æãæ stre **r*vå#e* fær @ sætræ sxæx,e$.#€c

wåtla mâæåswm #nså*em*e* gsee*våde# eåtfuer bg €ftæ &*aç3"r*r

æs: t&æ æex*æaå* Ëhåæ $.* tÞ¿e çrtËerå*ra sfuåeþ w*ã.å þe

æÆ*p*æ# åm Ë?:æ sm.¡aæ*p-æøÈ*æ ef æ wxn*a*3" #wrfm* tþå#

stri.4y.

Fep*æ#Èxx€i ffi *ks wËwä æf ffi#*m*æ, *here æ*y

Þe vørp å**t}.e dåf#'erømee l:æ*ææm Ëeeë&*F*øp*r**e# mxM

æw*lrt'*æFevaåæ# æp+eråøææ*wn ææe*p* sg &s æ*ffxsâ

mem&peå&Ëå#rn äf tryg a*w f,* så*æç&ts Ëçp &Êreeè *&#æslt

p*rferæ6&6* am* eklfæk*mg *f wå$ght þe w*.seæ" ss ffeswswæ

ffrçw hË,w pæü& æåã, ææt¡r*reæus pbstæsÏ"+Fr l,s:t f,h* tgaehæp

ææ**"paã**æ t&eæw Mëffi$"eãç p*rf*ffi tþw eæpær$.æ*æä, æmé

*t eæ#. #&sp Sæ *kæ prf*rmawsw esk fss #,þwøwæ*Sw*,

*.ævf,€s ffieg&€wËgsæs fÊtr fwr*#¿çr prmc,w*rø¡ eønæ&æsÉem*o

*Ë&,* Ë'he súäsëmt w*ffi fiffiä þ# k*p& trp*ffi wmm#er$_ng¡

øm# må6h* þ'# *åpæsËéd w*B æftrs**sffeåg fnta ¡5esårabåç

æheffi**ås* ffþåsr þffissr1 traåøø* tbe qt*em*s,ße æf e'M,æ*ä

.pær$å*$petå#$* ffis*rsdtkæ*s ä*w øf F,ffæb* øwpfa**åses

*h.e þ*f*fæee ef æww¡& pært**åpa*åep Ím epdæry *e
w*åm"r3s*e ss**reæt mnd t* smh* ffiss* vtçsé *m* tæpre*s*.çæ

the åe*s*$.ng sttgeg*.m* Ëæ Sææge eåæeæ+s sMææt
p*w&ã.etpe&*"*m ås ffiåre *pè t* ##,ærrs tþç e3sse s*r*w*å*e
cs€ *Fgs m*#çråtff *f *fuad*ffi*s* Hst eèw#wË pertleåFäts*æ



*bL*

$,.* r¡erffiÏ-3y æt ?&e *xpense sf t$.møo beschey *ffar?,
æn€ m*wy* trhs s$.&a*úsn þæ* gårrm såsæ 8æ * rumr9æg

deþatç on tlEe re3e,Ètve eff$.esey ef teaeiher or Seetr¡rç*

deek desss,Hstratåðri* vs" str¡dsnt*ep*rete* exper;tmffits,

Åvså[aþ3æ 3;[Ëerattrre Læeka r*pertæ æm tmmrsw*

**g**åomm éøwåguæd tei dtæeovep wheth@$ såæË aÈh*p wethæS

ef pæwmenË{.ng *m*{¡s*[at$qÊm mwtarË"a3.n perhaps 3.ess êxpetrs*

sÍ.væ ü.n tl[æe1 effspt srÊ# wfiwyl #äFr repfaøø Lsþexaçery

varkg Í.t å*o Træsevor, rÍ,e* fa re$¡*r*m on *mvewtågatÍ,süïs

ï¡s#ertekË**g *he eompmrfi"g+n of thæ 3"e*tsre*dçsh dw""
str*tåEn srtth the stuÊåe*t-ûSr€ratcd experåment, lhe

f@#rså€#r €s* t#*a tph*Iær fff *hese ür*vøø&S.6a,tåmg ehow

mç *mmsLräæåne svf,€ørwe øf, th6 ffiSr#rt$r$,Èg mf- om*

mtlisd €{Í€r the *r*}rer, Ferki*grs ${eruÈgonts er$.tÍ.e!.$eä

Ef thees $"nv**tËge*S,*nw expåa$.ms thø s*smÉme futg"3ftp

sf st**mptån6 tc pøve *å&ker æthsd $,rpsrå,sf i
the tne*k# åe çqmæe3y tlmt *f thw *,wrtrçÏ,3.æd
eqmrlÍ.m*r*tr ffi, ,år e6&ð€tË trru ffiøsÞs *S $rpå.]"#
of, as nearþ a* ¡meslble *qtraL abÍ.3å.tyo a$ð fu
lsrdustsf.ouely e1lmånateç all the vsrtef¡3.es he can
ffiån& ef,, HuÊ he ds*& ru¡t ça$.å.#aÊæ hås erxrr eÏ;*s#+.
trs*m te*l:nåque, hls matertaL sf Ínstructlen, h!,a
Èee* msfurlalr-{Bev# se he E€eËres a etåttst,Íea3.
wæ}ådmtlatr m-tþç basÍs af uwvatrt"dated aesnæX¡ttes$ï
g'# þSe Shgâw$r pf du*æ&*mm" $.$e *s#gtffisT"1y +preveel
erdlfisrÍly a negatf,irer thet ls, ha ÞyËve$ thet
ttmre f.s not mel¡ dlf,ferenee betwee¡r t¡*o pwree*
durç#*"*åeetnre èaþ3"s and Ï"abæe$ogy Í.ä th!.s €&s6r
the sad *h*.s¡g ås t&at sc ée npt k*tew whæth*r $*r, å
*s$ t*ack þy sr¡y wtliodc fte çøXr*e æf tes* thfi*senql
sush experlærete wçrn}-d he w$.pe'å *uË Sf, * eåErgl*
3fu" Ë æheul"d sP¡srs thst en extlæsüve end elabàrmte
håBh c*þooÏ" Iak*raterp es?*[d þæ mad*, tp
*effiåXtã çråËe betssmI wfust l*e&re**wþ&ø

T*{ *ïu+þ

þ.q,vrro@S



*laç *

tÍonä qâ$ d€lf F,:rovXdsd þÍro ãå eürå3d Ëåäæ.XIr#ß håe
r*süägË ftmd æhnw ¡sky f?ås S*ets arç wl**å äheår &F&r
¿q $ge&å* ågsn¿ç 1'"#q*3"d *Fa*n arågøs ãg ffiJr" K*s 

.preceúw* ssæerctåe1 t* ths e#l*eæêtwe $BrffçÊsæç gf,
tlaø answør bË &m the effårffiêt$veo tåTffi we ws** al"å
åæøfm s*$He?Tg** te *tB what $dr" B dæes *sd f$r# tls*
meney fsr tiæ equå3ruæxt,

ffhe æpeclftç ryeøtåon Ss Èypåca3 of qu*atÍ"cmg
wlr$eh eênfreÈ þe axråved e* æx¡rcr*mwttslSy" [!*e
pnebiem ls hÍ.st{¡ælcsl, esÌü &nåIyülselr a,rrd exper*
lmerttati.sm ås sal,uabãe enly f,or ttre purpoee nf r

, f*+Ë*fir¡dfu*ß çn spce*fåe çwlatu åxr f'h€ anmly*lle'e

: Fn*mg$.# fl, ffixrtåsu ¡*!w* md* ß GËffißþr6l*ffi9åvç
:

#üffiçy wf fnveætf,tra*temø u,Ë*æpt*l*g ts ss&t¡ere t&æ êws

wneÈ!@w $f Sr#€æffrt#tåe$r &xäffim up tuåw ffnd***gs tsn th6

f*fu,tv*FågFt lessbeeb af tha $Ëatlsnå3 $eclstl for 't&e

fitudy *f Hldueatfems

L' E*eb methad effors traÊæXng !n certalrr knoqd*
Sedgeen sk$.I.l.er ffi* habå*s net sfferd by t.fræ
cthËr.
#" 'ïffi the fn€eræ** çf *emw þ*&lt sf È$.me *nd
HÉ*6¡rr Í"* çeer¡åe de*Írablç te perfom æÐs€ Labtra-
tsry exereåses by *þ¡e *ewnsÈrætlçm t*Ìffi þy tlfiç
il,rd*v*duæl ffiçühÐé,*
3, åg *þ* SegiæSng mf, wau*g }a&ørm,twry Berer##
üh*re æhCIr*}d b* s smff5.*tenä $se of thæ døwøneffie*
tå*s ffiÉf.h#d tm møquæ{,så t"kræ Xsu#*å wf,th ep$ef&tes
*aü sow sf, tha eeeepted we*hffi* af ewperl¡ncntmtûæn*
FË¡l"Iür#Í,rxg ÈhÊs parå.od çf erã,entatf.sr¡ thæ ¡rup$l
æhrroId ba allewad tÆ s¡effic*tw Feffi sH#FüS#es *,ndlvf6*
ueå}.y fn sr*er te *eryåre, earSy Í.r* the BaIåF6€¡
deefrablø æanlgnrlstery ekÍ}å* snd laberatery
tçehmåq$es snd læbåte 'þ* lF¿ø 

"tl"mæ 
æsqed. Sn *seh ë#8tr6ç f*g *Þæ t*s* wf

tåw dswn*tpatf.un mthæd, *h#nld kø ts*çå fmr *Ëþ*sr
*yp*s of lçsr*rång emereåæøu, s&lËh mÍ.ghÈ tÆcXrade
addåtÍ.or¡aX Ï.sþrstory exerei"se*, readÍsrg proJeetø,
lndtvLdrral Í"nvestå&atlona, øhm+*vætLman *tltì dsåll
TEFotrr eeser¡tf"als*
5. Mr*g tBrÊ r*#&F*S;sss Ës þe dçwrætr*ù€d **r æeçÊx
ç#*g#e slmnåF* bæ tha#e whåete e¿e *mr¡g#Bst*# lf per*

åffF* *t"*'* Þ- *#$*



* l*.Q'*

å'æs*rad eareles*ãy er unakåLfelalyr et least solã€
*f, ühçse re6aår*"mg dsåå*çste mænåþu3.mt$,æ¡ and *fiewtr*
atæ eþe€ffiratfomr and tÞsss* r*qpÉFång epee[aå
expensllve apBaráhrs.
6* k gæm*ræ3, e*pe*!.a3"äB wåtli, the Þepe eã.cmecrtery
smrrsen end Ëhe ym*rg6r 6r ãçes eapable studønt*t
dç¡mn*tratåstæ bg t*t* tes*.her æ,sæ 3.å-kçåy üo preve
ffieü'6 effs*ê*vs 6krãsr èht*s* bF f&æ papåÏ.er rmlæsæ
Ë-Ïre teæwþr #fiWffiåøæ t'þs dæm*ttæ&rmtf.ms vËry
eleaeT"S'.3'

m[* adtrt*saey tlf, teaet¡er dømer¿strn*S"eme applåes

Fertfctalsr*F *e ø[wet*tary s#rsr#e# eËrx$ Sw ysumËep snd

åes* *aSwb$e sfrnsåæ*s* YJre *$tr*ætf"ots f,*r #hå€þ srl$.Èer$a

ar* bcÍng denneløped l,a a *eEsnd yeelr et$rËê Í.n Grade KEI
,iì.

elrøm*æ*ryË t"ke #*ä16 mp?,ws*w *r¡ tm*-e&or d@-rætrætåsns

nøed rr*t npg:Ly, lt appears a usaåþ} eråterlsn ts 3.eave

ta tþ* eåexereerul Í.mstrwetnr Sþ.æ +3r*#,**o ##¡'ähe 3:åght of
keåw pærtäewlar s*ftr*tÉ.errr ûf p+rfotraf,elg thø expæråmørt

hls*el"f er ef lunvtr*g B-r$.æ pup$.I-e perforæ åt,
€he sr$tetr*-a e$f*etåfs#, Ëhs *stmre e€ geå&me'e

thet t¡svs b*en #,atreåupe6 ss$ b& sewê mp t&ar*mlga

3 * Pçnpåås sh#tã1d bø ergeË?rfä,#*d *e a?*w* *¡n ffiæ

*ta*fxg øf pnabïømæ¡ *md Ës¡ tTã# pf.enr*Ístffi of tMår
çelutåsn**

B* €f¡w Ë*x*ewpretæS**æ ef data sh*nÍ.&r aå €F¡ç

øenen*wry øahoel Lwæ3.r þ& É e6*@$!êse&åve **'Søgt þy

pr*påå m* tea*h*e*

3* Far the ssk* sf eeÊmt*Snår$6 ånt*ræeê ffi*îd

å#p* SS.È, ¡ S* $Ï*



*Çþ*

eÈç#&å&åüffi t'hæ mm$r*æåS*- o$' *he l-aberåtÐvtr ês5Ë6s$rú@nü&

sheråLd, be performsd by t&e grupå3^a" fhere lç S.lttle

cnrådæ*e* af tlee superf.ert€y cef *å*hçr &k¿* tæeæP¿er

dmmsäretåen ËF *f tiee #**adem-&*p*rf*rwæd experf:rento

k'* $t ås mdvå.gafuåffi t* åssç* t* *þe tçm*h*r the

ehslåee sf demææ*sætåom esp*rþwnt*"

S* Å Ï,aftt¡ratørf Ë&$u&,f. ehffi&1$ æ1evådø S.aÉely

eawpå*tw #!*tdfrnê*" Ëts ueæ shåTt3ñ ke *:rrgmerrteË by

eåaæs dåsstrsp$*trw tkEÈ såã.Ï. dovel,ep tke pncbLetao e4rlere

$ørt$.nænt Melngrwdr mxgffesË sËø#äåç çf seÎ.v*mg $te

pr*bLø-mr sW tseä.ght' ths ssl6trËtË*r & $udå*åelas þs,l"ame*

heÈrøeem t&e u*e clf thæ wermaf" a,nd teeËher gaå**neø of

eXase d,åsms*å#ËI ss!¡ pnsrteåe åhe epportuE¡tty å'*r the

bælghtar eËuden8 te eserelee håæ lntttattne, ångennåty¡

ËråÆ tFrfnkÍslg"

ü* wS&å Þæ shøwr* ân ttæ f*lä.æSng wkæ,p*er &hsÈ,

tFxe wø,$*r$"ty çf €þ¿sse er$terå,* ftmetÍ.e*m ffit t&tø ËowtäË!

prmståae #q*tår¡d Ír,r sgwerså êr*-græslÈ åøMretgry wmrxa3w"



ffi.s,p?HË v

#Fgfmf¡t ÁHfFfH& ffitr ffi flSå#{r,S ffiå#Tfffi
gffi s#ffi ffirp.mg tut##,åH#"Rg 3,å#ffiåå#Ï"

ffhw præehs.elwL *:çe*tttåem sf *he *rå"*sxgåe d*rreåmpæé

å* ä}ne nsret 1*gå*æ3. stagæ å.rr *kåe fmvæetfgatåen* Ye*,

** *rê*r tks* *hå# *se#$t*.ör¿ ms.g net refåæsÈ t** s#E**

p1*&æl-y thw å*åtrry*çramåæs sf sr* ss#*.vå#waåo tt wa*

sçm*ådærw# thæÈ pr*æftåeaå *¡ae*t**å*lm sgwåå& bæ præw#æd

hy sA äemså a 3ãmåtæ* #$JprrÉy mS" emwræ E*rømtå*ææ fixr

æ*pr*mt mmmwå ewmmtm**üwm r

Fâft*em ãæfup*€sry wømesåæ Þðøff# avaÊ,åæþåe fær

tke *svæmt*gat$**r" å3"ä *m,q*pÈ **ræ &** bæmx pr*bååmå*æ#

nr rev'$ **d **meæ }.S&#, å$ã exeep& &o* ner@ ef thæ

få$"*S.*þ äypeå ø9" tÏ:¡ se *ffi* qm* h*d been pwþå*,shs* pfå#r

*m å$!+*r sså* ðn& w-ms *êsmtåsaå *r¡ æemte**ü w[*& æ

+ompnlm*ma$uet *f the fåf.I"-$,n typ* prhf.Í.ehed Þry tfte

#&Hn& *lat'hçræq Shægæ ttæ v¿rur* d$.*swg#êd fr*w Èþ¿e ånvwg*

t$.ga*$,en. k*e m*:smeh quræm m#k w tþa*rçregþ fsg$.ørþ pf

*h.g.egp år¿s*ç:t***åøm* rmrk*:Ër*æk, wr# åsbwg*tsrp mmmxal"

thst åå eæs *3-5.w*anæ*æ* b*eewæe s$l t?¿e d$"ffågl.rLtå<*s wf,

å$'{mr*ør* Frer*o #Alt lnveø**gæ6$ram eS *,!ræ #t*F*
råeuåar fientent'*f Sq.ryeral ffhçnl*try B4*srua1s* {Eãrrpub-
llshed esurse 

r#P*ii, 
F**u}tp çf Hdubatåono [rnåveråâty

Ês Hagsft#þ¡ t 
* L.ry *



. *l+6*

**näa*årng å*e åeborætex? r#ffiffiråext*m., Frsîår æmrsaås

rev*a3"sd ¡ æ*.ther @ '*3r*Í.r eontent *r by the texÈ whÍ"ch

ühe.y særvedg that they T{øre æssæ*tåa33g fl*r unlverøåüg

**tcd.*&ts6 tkweø r¿##g* *1e* ø3åmsnsüød fres the $.nvæeÊ!"*

6aËÍ[en* trh$.s l.eft esght maweås¡ mrmbered 3n h, 5, #r

?t:.*r 11r ffid L3 for Fnmtjß*Þ* øf, die*ussÍ.sn mnd Bs

, blhll.a#ra@$" fhese mam.el*1 wí.th two

exeeptsonsn are f,frst edltfçns publLehe# slnee Lgko,

ftnæ *f *he excepts.oæs haé þeen prrbrÍ.*hæd *n ühreæ pråer
edl.t*.on*; the othstr exeeptf.on !æd" heen pr:hlå*lred *n
fj"vc edåtteas, the í'trst tul f^gpl and the Laçt ån lgù+S,

#f thçe* tnç ¡uamuâÏ.s f.kæ fÍ.nal, edf-ü{on rsas !,s¿vaetl"gatedr

ff*¡egø ås åwæ€åete åndåeçtå*n ef certaln *#ffiÕrs

Bxamtl*** Ëbe eâgk* wç¡rueÍ.s re**ånæd ser etudg aye aL1

nf, ttre f,fl"l.*Ín type. 4,11 cl"early f^ndåeate trhe p{lrpesc

sf çaçk exg**råwæt. 43"Ï" uge 1er6ø, ELe*r d*,*.ffiræme*

ff*ne sf t'hen mre dæwemgüratåcvtr-eêfltred ¡ *frs mest sf them

leaçe 6w the Ï.akrmtorg $"leetrqi*ter the ehç*.ee *f wÏ:etihsr

wly çãpegse@nt wl33 be e tçaeÞ¿er dçmsnstratÊ.çm ðr e
¡:upil expertmex?È.

&a-üÞolee çf; _SþSd.eqee

#ertæår¿ a*glwot* *f, åsbmyatory nmnu,sls sræ

æasåer tm dåscsrrern em* #Ê@ t* be be,tter ge*d@* te üpe

çheæåstry t*e,ct*er thæ¡* æth*re *æ Ë?l* FpesaraûåEn *f *
new menïlaln



*åF?*

F.s ørdes tw er¡sårrç æråtegås fow tlre çmætrËe*

tå-*,r: *f e Løbøratory mamrxal the wrfter et*êffipted ts
dtrseover how esffiam praetfee Í.n the eågh* $effiåe].s

þøS.mg *uweyed &r¿#br@rs &æ fe*.LewÍng çrestfonæ I

{a} W,leat Í,* the stcM ft¡mettoa sf the åebaretory?

tU) W*,*eh expørÍ.menês e,re besÍe *tl h*.6h açhee}-

lahratory eounæes?

{s} Wæt Ë-s tke neteyæ of baæle La&*rp"Ëory 6ã{SêF*

åme,nts, and wk*t *ø t&e dtmtråWtåom of tt*æ

different typøa of expænåmente?

{d} gç ïËhåt extent fm there æy*tæm*Ë$.e ånt*eduetåsn

ts the f.e&ørat*ry eouryee?

{e} ãåou anwgrletely lw the neeeçs€r3r thsory r*vÍet*ed

fsn eaeh øxgørãw**ï

tf¡ ffiffir ee'mlpl,e$el.y åe tfte meÈhe* øf proeedure firt*
f.tnçd fer thæ str*#ønt?

tg) Whø* degreæ ef free'&sæ sS eth*åøe tr"s ther+ fer
the teash#F &p sttsf,snt?

9s el"arâ"fy tt*!^a p*FÈ sf tihe ÍmnæætÍg*ttolr *.t

å.* eæsent$,sl. thaÈ, eerteüt tøms þsød are *l,ess$ wÊer*
sËaad*

Åæ øxperÍse*rt å* a såtuståon Í,m whtcþ e ms#

preÞl.em åw r*åeed, & rÊ6w pr*r*edu:ne S"s ån*Èçetedp ffi
dlftrærænt æpp*ratwp fç nederi. Ëãorrever, tlxm dsf,å.n[tssr

$.e nst tøæ pree$.#e' r* 6emøra[n thø Ètfåæs ss6d by the



#k&*

äÌåth.ðfs åtrê eãeh, taken Èei reBresenü ðr¡e esperåsaent'

Onåy oaüeslöftalty, where the preeentatlon maïçøs åt

sWlsna ÈBrat çne Êlt1e eo¡rered sweraL ex¡lerårnents n

wæã e breakêøwrr æ*temptød, løskång precåsÉøse ef def'år¿*

åtåon, a døgrøe sf e'ab$eetåtråty ænters Ë.ntç Èhe ues eS

tlnta tørm. En general¡ where Ëhæ nør* preÞLæns, ÞFÐsEd*

13F6#, ûf eppefaw* êr& vefãr *åup3.a op e.[efiHæn&wryr tftey

esÉ nrt ret6ê ss ssl¡a¡raÈe eepwvilwe,ntg. Fer exanup[e¡ tø

sfrpw *.e Slf,fefør*ËF bettrcen a eeurpelffi st#Í' p g$xår,¡re

one mtght ta) draw a mgnet àhr*ugh tåee måxture,

{þ} ehake 1t wlüF¿ cerbom dlsulBh!.de er¡d fålter. Â3.*

ftherngh theæe are #Sf,fesËng prçcodrrræ* thcry #F6 #f 6tr6&t

a eÈspLe nstËpe thet thøy etrë Ër6t set€É a* øeparate

experSæentø'

ffisa$e' cxpersnnents åsc f&*se whË.çh eew f"m *ü

3-æasê thssc øf tft,e sågþê ¡nanuels kång mrrvæyeåo Fer

*.f*ø ptcrpøse *f sårupf.ffiÈeatfer¿ Ë:ey are l.å*t#. uxtÉør

6ønerå"e høa&ån6s¡ tktils¡ åf åt, ls f€ÈtËd *fååt ml}. eåglt*

manuals have ex¡*ørt-mølts under ülee genertc heuding

l#ry$emt fl,t éeeæ moü f,eÏløw the* *l,s*re fe ädentÍ"ty

hekeen ths df.ff,ermt expex,tmentø eæ Elsesåf,¿ê*"

ãlrc ehêrester5.stles thet def,f.ne the neture sf
err &spêËt¡ne&t fer the Furpffisê ef tkËs efuråy are üsksü

tn be*

{æ} s

lkeæe år¡vælse ðe3"y tþæ }Ms'tåå*nç *S sËsple Xaþor*tery



*l+#*

åFpereüte#ü øå&,þ &Ë fåt*fsr6 teg*tF¡er mf lncãåçÊ&eæÏ.

f;,tømç* Ë.høtr åemænê Ë?# m*these*ü.eaä eaåeIål^a*åøm*, sffÆ,

*l*s:,mån3.wsm sf l-wþssatwry mkÊ.ååe* SRaey dessnÉ mø*ånåy

student sbserry*tåsñ errd fnterprøtatlor¡.
(b) $emçåex gsçegstço -ejrp,ærlmw$st fkcese lnvn3ve

frf¿ç få&Èång tagether ef s*veEså" å*er*s eS ß#wffiüËk åaksa*

bry.øquÈpnnenù- ffiey dæ*nd¡ Þoslde* sffi€*rt çþs&rw**

t*esc sM *"rtËçrpre*ætlen, a raøeffitre sf .Ï.abøra&oeg sk*[Ls"

: (øï ffitffiS,Ëglljl.s,ð Slxçffi,er$#ffiq$ã"* ffi*ee demend elt*¡ør

pr,eeåme wgæursfffrêürt, or preøåæw m*asçwe*rcnt md msf,?re*

m*&&em.ã. sal"6Ìr1åäåø¡n" F*çå**s åemmsiëämg o?r*e*næt*oer,

S;ntø*gmefra&$.wRr æ*d gmss5.b3y åab*retwry skf"ååe, €Ye*y

eaïÏ fsr mxlffit¡ffi ¡erç&åså.m ænÉ aecæracy,

{d} ggmstr.ç&fl,flm Wnpp.Fffiwtw¡ whæ¡r es 1*bel-1ed

hy the auùlror*

{ e} ËewÞp$s,g#$.*ry,*ppsgfu¿emþs, .H%,.å.4#ag.t-þ-q +#æË#XüfLqr

Staes sffis auth*r* ñs' ns* laÆå.Estç *åeh øw¡rerÍw*nt*"

ffiæ dwsnstretåons¡ ht dç s'agg*et $m &e pr*fæ*e tfuæt

m¿çh shcrulð ø$6tffi t* ü,he 6Ëtår*e, m. æåeæstf:Lq*tås*s Í.e

w*ds of cmpmråse,Hts whi.çÏr by &mftoks stæs6ar$æ wsüåë

X.åkæI&r he #øË#slptræt$ane" ??ee erf.tcr*a s,f *ÏroÈ"üe srøre!

f.3 tf, thæ *S-ue r*qpÍre* cxsedæ n$r*ety wünl*tes

sed. &1,æ wcp*eåuent{ ûas$st þe demæ Ln eeøê$.onm g

Xf) lf the equlpxnant fe eostly 6r rerël
f.Så) åf the te*þmåffiiøs år¡vellred ane &sm a*vea¡se4



ãSü*

fo¡: flræt pear studeæt* *f *hðut tlge Éfu{t*en Ê

åv] f.f *Nperlsients eal-å fcr the handi*rrg ef

*pns*.d*peb3s $åe&tåtf r,:s of tl#x$.#råfr ËåH€ssô {ffeæ $4ær:å*

toba laboratoråes âr€ ÈqtråþpÊd wÍ.th Ènrtåvådr¡el3 fume

ho*dr* sn* eftsn theræ åæ a 3ae1ç ef ¡m*p*r v*s-tåíl.E*ttwe*)

w) â.f tbæ expær*.æexlt f& *ee*ådçr*d tnn*sfe f,çr

å$dåvfétt*I's r*ûrkftrg Sn Fsårê ån lerge el.ee**er wåTlh

mfnåffiffi erpervåslon.

ih* fåpst tlrr** ffisfånååls*c *f experf,up,nt*1.

*ypes m*ke åt eå*** *$tæt tfos Snvs*ËËgst*r ç*n#ådærs

them rçughåy fn aæser:df.ng ordør ef, c1åffåeulty, *thçr

tesms wÍï.f. be ds$*.rted er thæy ærø S.strç*us*d, *

&e#eral- Fr*eeêure

-

Ëndå:r*dttæl exgræråm*nts fr*em the *ågbt mæruals

sø3.s*te'd træpe æppr*f.*e* þg t3?* st*ua&*rËs åndåçstmdr mm*

arræeged r¡nder geRarf.e heaeÌÍ,nge. ?htrs, expøråments

l.å;Içe rFrepæra*$.em *f ffiglæ+ r tËåmdång *ir* å4*åeæ#"ar

W*S.6ht *f *ry6et:r, +ffamþtsstt*nrr t#ef$ a1"3" ååst+# under

th* gçtr*sf.e hendång* s#m¡rgetrr " å3å gçmeråe he.nd$,ngw

{thømes} Ër É!çFæråwømt* *esurr*g¡€ gft ferpev tþerå thsw*

sf the e*,ght msgffietrw w€'å.€ df.çsærdado ff*se yçsß*år*$ng

Ë,tmmæs ìårÉrë ærranged ån daæçsndång srdsr ef frequeney

kry ww:eÏæ *e wak* tþ* Haster l*åst, än erder ts shsa

thw degreæ aË æ$f.*rmlty wf Ë*s$rvste* ef, dåff,ersn*



*Þ&\, ú

*hsmeæ er *f dåffæ*siqÈ wag$råæ*nä *¡rpæe ås* åhe €åffcrsmË

wssuæås *æ *mnåysås wmæ mæele *f Ê*re å4as*çr $**st* ghås

åæ gå,væs å*r Seþ.Ï.* ã.. Ët wS.[3 bs r¡otød tF¡st æ.c]çÈh6æ

eatægery, mttrderaä'*3rn*rated $åä}.åt&tlve øX¡læråæænt*u ø**

desÍ.sed. Thås wae of¡tåånsd by subtractång frss t*¡s
üøäøå nnwþer of, expær$.mænts the quantlÊn*åE'ç enÉ

dwrr*tratf,o* experfmwrt,ø* Tt $as als* neted thet
ftvs af tþe *$.ghü wm*s3* Ï.sffr *hæ uh*tes *f **æep¡ldäræ*

tåçrr mteråal'to th* Ëngtstlettrrn Fer thse r6eseå?

web*equenÈ mæs*Í.üffi çf dçmm¡atp*¿t*.em emãms*,met*Ë* refsrw

*& bçËh #wwmwtrmê&ø*s en &**ågmaâ*ê hy *trç mmthms ønd

êwmnm**pståæs s $nð&sg hf €F¿ç æë*r¡dæs.4m progmæd*

fte- &pter lnåst'

ätîe Èhmes 3åsted sre ç8ateü Í$ deeeendång erclcr

e*Ë freçreneg çS. eeutrãrpðrsÊé Þp wrrumf ø u ffåae nt¡gþer

foå3swå,ng tÞ¿* thw lndå.*a&ee the nr¡sber sS menna,ås

m¡* pf åÏua eåghÊ sffid*-*d teeg d,eaÏ. rúÉtÞß thåe tlreme ¡ fmr

##eryFå6 tffigea {#}ú åndleetcs that ttr$..s S}¿*we ås

ðeal"t wl.tlh b,y eåÏ- sl&fàt æ$ue3s. l3ndef each theae læ

s bråæf dæs*p*p&åsgt of tþe S!ãffps#ê sf &!w exp**åuen*

tatlLrur *mcl,ü€eÉ rsrder that thess* Fæ*Sng eaeh Èþ-rs.:mé

åe a teh¡¡åatåen ef the frwqusncy ef sce*¡rrsnce ef eaeh

*fpe of ewperå,mwm& f,n aåï. rueffire1s emb$.ne* ¡ ø.ecmr#åm6

te ffie eategcråæe dçfå.s*# *erå$.ero Ëå u *guel$"*at$vø,



s5*.*

Ë c €rxperf¡aeate rrslrr$ eefepl@:r epFer*êüsr Qn ¡o qlænt!"*

tæt$.ve GHF€Få&eæËs, S r* demangtrat*.en eËperåeê$t#n Ëhø

frequæneg øf eaeh eetðgsry refærs tæ the tetal number

af æxperfmeutø found f,er tls1e themæ. Ehuø¡ t F1/3ã

res6e that sut öf æ tsËat ðf 3ä expærlæants ef, übl.e
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*n Ër Ëpfittp hasS-s¡ s#.nee nnl,y ænnçrreå h $trsps*s thtr

**qt:*s$,t&nm sf åaher*tory sIr$.].-T"^qo ??'"s, swFtga*ås cli' aã.ä

p-*"trt.:*.Í.s åg *n s{?a"¡B r.q#rÀfr*r *f 6:r,rt*.*åå:+*È.{.*r¿r sfl +cJ'ef,U3

çþg*rve"tf*nu *:rd. un eÌ-eer thä.ukån6. êå*,*ia*å d a*ws'eü

the tmêer.sta.fi#å.$# üf +v*a1rfr.3r t'p3-=ã"å**.tr*.¿Ìnp* Þls.m¿så 13

+ntq:,þnR1-aeg tþe trr.fE,r¡*tandlng *í' ¡tr'1.rieå'.¡,.'t rrr. Tt;,,,

,ss$,ent$,fåqr we'l;þæd e,f th,tnkj-ma ås ss*lrhes$,øe* þ30 eå1."

lt:'gmn:f*.î.'ffi1[t3r as"tþ tr#iru$]'i' Sr]il*f;år;:rit E t]:i*rr *{å&6r*

{t-:¡i f*x etatåmg 1a*b+t'+trr3' fer.¿**$.*r* mfg}rå *iriph.**å,e*

mtuéemt psrti"e$"petåønn eårefix[ æþp*mst9çnr and e&æar



*Sl+*

9&å.nkåne eê*ðrd*^B# tû the patt€rrþ çf åh€ sele¡¡ttfåc

me*hod*

ç. Introduetlen to Lehoratørv Herk.*-l¡1ftssd¡¡6*

t*,on ts äf¡e &aþçy*üslffy w6sk by me*ms ef, ålnstnnetf.ons

ffird noæoçF*ewå*aã ex*gelees S"s esffifiaðfil prægtr.ee* ffitrgh

Íætrodeaets.ø¡* eænslets of, fel,*Iy rmåfosüû *tep*. ffhø

flrst øtap tn the lntruduetf,our l.e tç preaerÍ.be Ëïre

6enera3. *-ü,tf"tffiüs f&* stç¡åBÐü, ås êe ååepË ts as*T&ye

#t*sßsæs åm F¿Sæ Labçrater5r vçnüursð, Hhø se*øntåft"ç

mttåtM* Sæ ætres*æén Stþ¿eg gæner*I, ætÊåtud** thæt

rseeåvs æm$agË.* ærsr çelf,..r*ltanø*ç pn*ttmånany

pr@p&retûsn t$ un€ers$smÆ Ëhe backgrwnd, t&,e $åf$W*@*

ær¡d tha pl&rs øf tþ* ææperåmømt ç feååswång tms$,rwçtf;.ons

wÍ.tk*ut devt&tå6n$ &ad reesrdlmg p*mptl.y"

Ëhe preser$.püåmr æf ge'nærså eüt$.tradæ Se weual}S

fe3.Lowcd b¡r mxlee thêt faver*r 6ef,6Ë,y an* 6øeð hðtsç€*

ke*pÈng* ffi,ere f.s no shsËþ då,stång*lm be*wøsn tÏffise

Swe sç*æ e,f rufeÆ, å# one æsple'memtæ Ë&æ otlr*tr*

trF*r*e of the sÐñRüåls al"mç prerlde Fü.¡røt åil.d m¡3"æs

*6ltçsriËt*n6 mlner *mÈ*y eealêao buænn¡ gwfløonl$g* faån**

f.¡sËr æs* skeçk* fus mmus}s (3r 133 ømph**åøø teeh*

*nåqwes hy dø*ær$þÍ"ng ç€ffiÊü¡ t"sbprst*ry teelmtquee end

SF@Ge$üåçrts Èm tu*mdäåsg eppffi,'etfrrs" åX,} mssuals Shen

hgve fr*m sns fæ mlæe *16$*ek6*åçaf, åntrçêus*ðtH &s€si*

eåseø f.n *åeh the s&*dçn€ hçsome* É-aæntÏ.$*r wåtk sü&effr,r



¡* çt_$:_

åa?p*raÈæqg' *kt[}æ* ffir*** gøneraLly deel wåühr tr*e of
the buneen brarnere ffic&$frttrf.r*g wesghtæ ænd volr¡mes¡ brand*

åång 61.aøs tubåxrg, fl}üer*"nËr ed hemttmg .tr"åquÍdm.

In conetn¡etång a new mann¡a1 the lntroductlon
to 3abçr*tory wørk¡ âf tt å.s ër¡ eønforæ to egmsr,a

praetåee¡ airar*å4 l.¡neåude Êhe f,çllawlng æüepm*

(a) fue*erLptÍ.on of geaøra1 attf.tudç r

tb) þrïes f,*r ønf,cty *n# gøoê hmrs*keeþla&n

{e} ffiøseråpülen pf çgmunffir 1*børatary teehmtquæe.

{d} Hen-ehemleaJ. Íntrcduetory ex¡rerlmøuts,

ffi* $ks Í.pqn,Êå"**ShÉre

Í,s 6Ënsåd&rab3.ø sraråatå,em $.rt the p*aetá.e* ef preæøa*ång

{th&ã'Ðy Gv@-!våwær boÉ}+ bs,üwøen d{.fføræü mseu*l,s asd

þet'¡se#m d!,fferent **¡reråwømtsr $,lr Ë,}*ø sama ae$usl* [w
ßRffiËeLffi {b* S"3} pruvt$e srs}t*1 m*rumÏ 6 hae extenelva

åni4 *hewaugh averv$,æ+"*e ffiûã* wauusf. I"3 høm säsle e,

çempå*Ës ørt*mLat*.6þ *f äÎleory and eryor!¡*ent that
ths æsnuaÏ" t.æ æãy Far* wf * cheM.etny *rerkbsslr:"

fuet maffisfç 6lvø LtttÏe evervl.ew l.n tt¡e se#6

ef *ån6åeo r.måquæ m*bøtæn*ee, @r$, ¡weparatåen æf

f,rygail, hyêragen¡ elrlori.ne, ete, fhe overrylew, åf
pr*øeat¡ $.s fo'wå pr*æedåa6 experåæente tt¿at Èlluetrata
a pråmeåp}e tër€r lens.aaÈÍ.mr) 6r Sr6uÏ) bekass.#Er {æ,g*

€ha h*Xegen hydnåde*þ,

trheøry eserwå.ewü *rë trsusïXy wamdsneød åntw

from f,nur tc¡ sf"x Slnes af' p*Íni, îhe exeøptåon ås



*$6*

##ffie ræresmroøre prsneÍ,p3co l-f,ke tkat ef pÉf, wË:å*þ¡ wøy

g#seåvæ #fl¡É*heåf €ø f.Þøec*quarüetr gege *f evegry$.w*

gþ wy bæ eønçXuded ss e ãÞåtérLø*l f,er tB¿e

s*nstruet$.on ef s æalrr*aå thet th*ðäy overryåesss wf.3,t

bç hsåwf r ?h&6 t&eln shqruld preeede øxperlmentæ å.nvo[vtrag

the lÏ.-åtxstra$t"øn uf geme gråg!eÍ"p*,ø, nn6 thåt tke¡r erø

rløt çsçen?åe[ fær æxpestsests êealån# ï*Íth nnfEue

gubgûantees.

H* , g&E Ft&fiËp -qfr,,ffi.s"$ ffi,n.-*Ske ssnupÏ.ç sff6

f,a$.rly ure&ferm ûn dæs{#åb$ng slth eomsåderaþl-* døüaûå

the manner of' perforuaanee* Fome naçmel"s add to thls,
þøøådes a tr.Ínø dÍ-agpm ef apparmtua¡ perßåmøa$, þÍ¡r*ts

wm settÍng wF ffie appnrstu#,

&neater vasÍ,atåon sËs*,tf$ S$ øm$awåøü,rn6 pre*

enus*.trr¡** fft*e#æ feLL tmto tws çs*ç6or*eæ, tfiese thet
É,rB trÐstderned wåËh. øafø?y, *rrd th*ee ühe* *16 €@Íraçrme6

wÍ,ük trosd ¡ærf,øræaneer ffhrøø wam¿ral"s {#, 7r I"3}

*åtlren negløet ta str*es FraeeuËtËwæ *m hendll"ng

laf,lemabl"e cr noxË,eüe &e#esf or negl"uet tCI mtres*l

preeautlone st¡eh asl weepÍng af.r at¡ü sf, assembled

app*ratnasf ffiÈffimés af hoæüüng smalå qtrantÍ,Èåøe of
l,Íqelde¡ m$,xf"ng pf, water arrd aøüês*

ffie Breaer!.ptt"om æf qu*mtttp ehwe tI*ø gn*atest

le,ek ef, ünlfermtty, end å.s tlre Least we1}-dç*r6 êeeeréÍng

ts th"ø stæn4srdrs mggerted"g lt ås e&Ë¡H6,f* ÞraetÍ.ee ln

xffice page* S*tå çf thåE e*uåy*



*&?*

thø æannel.s survøyed l

{æ} ff* gåvs e6&# fur6Í.eat9.*æ r¡f qgaretl"ty"

(b) WltFr the exeeptÍ.on ef, 3.å{ilåLd velwnes, Èa çtatc

#ether t:hæ qæang$.t# *,s appr*w$,æet@ ðs pceeLsør {fffrere

ls varÍ.etlwr fn tlaås re*peet ev€n fffthtfi a æantre.ï,n

ï.a$¡søs þeÍ.ng fa$rly freqremt r*Ïwre ¡ne mønt$'on *.s made

ef thç dæ6nøæ cÉ' p*e*wåoa øf æsesurø*)

{c}. ge stete noet wøtgtit apBrexåmatl,ans Sn metr!"e

uslts* {fhe eseeptlu,a te thle Í,s t}åat freqnently wall
æaenBåttes äs& ÍndÊçate@ Í,n terms üilórs fw$,3*.ep tÐ ttãe

efêB&-g€ b*g*rutåmg *ffiemt,r s"ä¡ drepæ, t¡r $,neh*s Ím e

t*sÈ tæb* er flnsk.)
{d} Sa etatø we3wæs wÍ.t?eß*g *pweffiÍng sÍ,ttrer the

degree *f prøef,$ÉÐäÎ 6r *he &emsr6r æf mæestÈtrçmerlt*

ãL3estr*t:leæs *së GêMffi¡ Büfi#$,eËãmg ffi6u#fêÍ,åy

çf, e3"ear two*€Í.rs€fisg"smal l$ae dÍ.*greme t&ret evotd

f"rrel"event dçteåL*

ff}*Í,e plmaø øf tlrç etruåy wr*çg**te f"he feLlews,ng

erÍ.ter!"ar

Ir Ehe Ëmrnner ef, perf,ermsfiee should be dæçeri.b@d

å¡r e*nså.6era.båe deÈs$}"

â. hæ*autÍ.ons eÐ!!ç€nÊ1ng eafety and ge6d þæFferu-

É,n€# slssü3d þe ån*tud@d Í"R the prøpesåptå*ç* Ef østËeedo

S, Fresoråptå*a of Esant*"ty skçsåd åx¡ds.eate &flE

Ëc6rew of preefutonr e*dr åra dea1l¡ng wlth }ÈquÍ.¿t voåumeso

thg *se*¡rrer ef, w*asurement* &ppr+xåæ*È* qu*ntst*çs mhæf,*



*6&*

bs s&atæd å.rl tcymæ *ret @,r* fâwgÍ.T.Í.ar t* Ëþs &reä*gê

wÊndento €cg* ür*p*n ånek¿æs åæ s tegB trsbæ¡ *te,

F. Fqçqdqm, Ær$*Çþçå"epr**Freëdêw øf shçt-s€ t$
*redåæetsd åJn th# !áeffirs,I# by t&ø façt *hst (a) the

eËthor møn?å.anæ åt, tþl the ar*thor prçßefåÞæs ba*le
experlmøn$æ h;t FrBsådBs ø¡çüra sneffä {ç} the attthpr
*ryâßffÌfa,gËs små,s*i,dEr$r (ðl the aut?rsr fafls ta demÍ.gnetø

w&r*oh e,rø d*wønetrnüS,om øxparånent*, ye* wg6a*Ëe üheÈ

Hüffi6 experåweæåw *ra *,wtrstrmt$.øns*

ffþe øv*dsm6ç åm aftngdanùl"y c}æa¡r Ëbnt *nCIthsr

eråtçrf,em ef the nsw ffiesruel wäÞt be tbrat *t wÍ.LÏ kæva

uufff,etwrt exp*råmæntså meüer*.a}. te permr.ê Lp*må ckc¡tço

ef æx¡ler$mentæn effid oS *smnetraËS,sms"

'H!:f"s chs.Ft*r Ïrse r*vç*lsd çråÉerf"e whleh have

røfer*nee ta eçæ*snt r thø ststø# fu¡etlsn of tårç

[ehorateryl th* ffieË0$!6r ef tJetradu*Íng 3.sbçratøry work,

thø*ry ery*rvåswf prç$qr*pt$.am sf sethsd¡ mñÈ free,åoæ øs

chøå€e" &ess er*.t*råa¡ æt"eng rrftìÏr atþers dcvaLopaü ÍÆ

ear3,*"er **mptees, wlLï. se¡su bæ m*mmrtpdr sfid, ff åt,

åæ *errsådæred ãxÞs6æÉæry, ffi#üå,fåed tp æeeü the $6sr¡:[toþa

elÈr¡,a*lqn.



ËKepËffi vr

ffiîffirffi ßF tr3åH *ggwxe &ffi
xþr Ërffi ##ffi$ffiff#sã$Ts ffi å

ff3ffi.K€#äRY ã-å&ffieg*ffiY &{AffiÅä

#råenÈatfsn

T?¡o orÍ"terf,a c.onsf.dered aøoessary f,or tËre

*ê$#täT*Btåem çf e ehemåæ&e.g Leberaêory meffie3" hsvø

baøæ daøeåæped* ffhey æ*F Þe el.assåf$.d tFsusr

.å. &råtær1a þseed es tfre afm sf chexf.stnv eËuoa€ånns

ã. ffh& bss*.s efm çS- ç*ueøt$"*æ Sm #*aædø sm* the

ffiËt&6 &tsüea É.e ära*n*,ng fc*p p*rt*.elpatåeæ *.w e døme*

çræ*åç æcr$"øÈp*

â* lk$.s Ëraåx*n6 Í.s b*mn*ght a*eut bW ehexrgf*r& ør

*çåtåva,Èf.me pkåÉ3.*r ï*ebÍ,Èn, æ*tåt*rÆemo øEd tdeal**

3* &t '&,þs Ëse*adeyy sgkeø!. level tIÞ* eæplrem$^w

sf thÍ"w tx'afn{ng $.e as des$.reb .e ett$,fixdes*

k* ffiqåexË* e*weæüåoftn tÞ*reugh åte ømpnaslç Ðü3

the sef.entlfåe metJsod anü ettftt¡de, eentrlbrutee es

tlcås ampfmæå"* on desårable e&tåtudes*

5. Hêueat5.om ta *he eæ*.cntifåe sttåtwde wag be

dlreeÈ,ed ËËÞ ss tæ emphagÍsø Lts *melaå åmp3.Í.em$Í.ø'mø.

1#e* p¡l* *k fg. af, th*.s *twËy"

"*6F*



*?*-

g$*s&*rþ. eÎ:*ws Ëlwt *ã:å* øæBhawå* ås n*eess€*ryü

#" #kereåstïy Ë1?ês6fi&n ghemøm*n* th{åt reeråå3.y

peralt præetåee ån *$.eerfm*eåe&ås#i e$qtåårf eþ* kel,S.ef

st the æe*çHc.?æyy eeþ*e3, level-ç *åæer$wå*atå.r*g enry*åry

*n* bæLf"ef ære fçxle*å,olts tlf a soefa3.åy æan&*ed s*å*lr*

tf.fåc attåtwßeü

f* ffiå-ssrlmåmstfng eftqîïåry amd þe}åef reçrtre
abatraet thf,Eklme. ãn order t* æSlas:lae abetrsrct

thlnk5,x6* t*te efms r¡f eheæåetry e*n*øtÊs,n arø stætød

aü three ines.e*såy¡gl"y ebstreet Sste3.1øetusl lerrelsr

{a} frn rm#er-qtaftdtng üS ttrm eow¡meit5*¡r ef
uqÈter åutd tþæ sh*m&em $"* rnm€ergee#, frëïé tk€

ffiæ*&#F år* srfu*"eh thås *sr*t*],ø€gø *åds man Èn

tbe ecntreï of håe eïrsåronmestr

{þ} å r#v#3e*åon øf &}re wrgænåsa**sr* Ssr *}¿e

eftængeç af *he emp*sååÍ"sm ef müter*

{e} Å¡r apprssåwËås$ ef åhe æþu*lvrç nmêure .øS

Ê&u#6r ø*& mf tpu$tå, ænË an ap¡lreeÍ.etå.s*r eS' ths
päwËr af' d$.reçteê lææeÍnaÈnon.

ã4*s& chæm#"*try T-w*eans Smçã,lvç a& åç*sh Ë,hæ twu

åewr åsrrsås wf æppr#aeþ* It, nmst be the afu tu &eeçh

st Ëhe htg&emt S¡iËæål.a*Guel. åeve3, th,at the sl.*raËSsn

wl}l peræi.*,

I, ln laboratorg ehemåetry the empheeås w{å1. h*

on dåesrÍrnfnatf.ng e*qulry ta¡hieh tmplåes flntelfeettral.



*fl-*

k*n*wþ) u æ6 r"rn €kæ æþ!3Säp äs generaS-løæ {whåeh

r€$ågrgs *Trø*r*et t'håx*sååW) 
"

B* ûrf-tere:[a bs,sød en t]re gtstil¡re end fi¡netåot¡ of Lsber*

atartr wurkrl

1" trhffiåæÈsy [abørat@ry tssæk e'mpha*fsæs t*tc

e#pååËet[#m øf tlt* se3entÍf,åo møthp* ts f,årst-k*fidr

çonsretør re$ date¡ Ín erder to gsl.ve a pæeÞlenn or to
atrsw€r e qraeætf"omr

*. lïse pr*blemæ ør ryawetlÍ"e$s tç þe êæ*3t tsLf&

shørpld þe reåatod t* 6ffiÊ gssers3"åøatåeüþ çË ehemüæ?ry¡

ænd th{¡tnåd hçïp ts' çÍ,arflfy lü*

3. å ueeond fu¡etÍen of, Laþsret$ry we k la te
þros#en tÏåæ #6r,å#ofp åmpaet of a learnång sf.tuatlotlr ån

ard*r t&et bsütçr an*åsitatlon may rewlt*
1+* Ëhø æequ*,x*tåerå çf ï.aþera&nry skåIr"s ls a

ffi@&åns tøwarêm th* emË* Fu* atete&.

5, &aheratory work should øup}oy t-åre sl"wple*t

prøc*trarøs RTrd sküåLs È&f,ê wË,åX ssg'fÍ.us ts äXåt¡*Ërate

*r elarffi a prahl-eøøtÍ.ø sått*atË.wr*

*. trlterta baaed om the nature of, c|rådåfto*r?

*-* Ftxpå}s shffi1* be æneawræ6æ* tø *harø å* thø

1#e* påg€ 3t¡ *f thåæ stady*
ã#*u 

Fæg6s l+,}-ee of 't¡h*p sttdy*



*p#"*

*êætËru6 af a pr#'tlå€m, æm# åai thæ p3ecmsng sf ltÉ
ee}r¡ti.on"

Po åt the sçeen#erg *ehel 3,e$e1 the lÍ,atosp?@,-

taËl-cr¡ of dats shaul"d he a Go*oÞ@r&t3ne çff,ert bg ptrpii

and teaeher.

S. Pe M&*Ëätatn Êmtarest ard atteuttsil tkø møgargt¡r

af the faÞerat#ry *xps$ffifrs eleeu3d *e Ferfos$€d Þy
'ì

the gnrpåXs*

b* Ytre êhsåe,# øf dew¡atraÈûsr exp,erlwentw ælrsn¿åé
'

be 3efÈ ts t.F¡e teaotrer*

S* trhe Laberetery æ&*sHåå. shauåd ffä.ve faåråy eaupietc

6rådamce* X* sk¿rytnjld ke awgumerrted þ eT.ss* dås#ffise$.çnæ

theù w*.m $evetøp the pr*b3"ew¡ euggeæË smeê:ts for $-üç

melw&å*n¡ äffi€ weåglrt tls* wådsfrBce.

ËuiJF-ril.$p,pS.a þe¡*FË, e&¡q&$ffi $üppgg$.€fr, *Tï pçffi@ $FFqff&.t

Élq$,#.,q,tqfr l-eW¡ieg*#y F+F, up¿q üI

å " kbc*rsÈ*ry sexffisås ere ffiÞTMÏåy çf the f,*.å.å**"n

$ype*

Ê. Ëþø ptårffisÉ wf *açta øxp*r:[smn* æraçt be e1.earå¡f

ataüed.

$. Åppmratue stìÉ,ïafd be ÍX.lustratêd u*ttE Ïærge¡

*l.ea** ffi*d$.wensåonal df.ægræms*

ßS*e FF* 6I" ff" *f th$,s stuéy*



*,f3 *

,h" å,akgr*.tc¡ry æãE!ßsåwents slmnsåd ffip3ie6åãe tlre

$.n*erpretaüS,çn oS pråne$.p3.ææ*

5" Ë*re magsrt*y sf the æxperfxænüs shffrl_d be

*tr¡Èent*eperated qr:'alf taäåve exgrerfgrents r

6* ül*a&*åtatåsrc *üd delssa*tyat$"sll exper*mæmtæ

shsfi3é EoffiHÈÍ.tftå?æ enþ abqus å*-ls$ **çk çf thç tetel
lahratery €surss *

,, ?, ffiperåøsntø slw¡ïü $"lweåve qmf,f pÏ*mentery *1eåI_T"s*

's* ãtrw çsnîÊî$r! statement ss fw-¡etåmg sf traberatery

wrk empF*a*í;ees el*r#ent W;eê$,slpet$.an* eærsftål sbaéF-

vatlanç md çLear ttr*r**,ng *eeøråÉs6 ge t**a paÈter*r

of thæ sclsrtnfÍ.c methd ,
9. lntrcduetl.ea¡ to l.sbsr.sÈerig w$rk f.neludes the

f,e*3åwwtm6 m*ep* I

{*} F*ææeråptåofl* cf gøner*ä æüt$.üttde,

{b} F,ules fçr sefety and gooü }$ueekeeBfng.

{s} næøertp*åom wf epmmpn Labore;t*ry teehnsqgee.
(d) $læ¡-ehe¡ulca1 f.ntro&tetøry experfueats,

åû. the*ry svenrfs&s* shffiåL* þe FrstrådçË fsr et
te*st th*se expenfmemüç tnvelvÍmg the rnterpetståsm
eÍ' seæ prfneåple* äh*y ghsuld be trråsf*

åS, l?:e seffisan" aketxlü pwoseråtse the mauurar ef
per#ærm**ee l* #6iffi& døtall,

åä. F-:ree*TåtåÉäe ee*cærnÈ,rtg sefetSr su* geçd Ëerf*ffi-
ssgqe *hsrãå* be ínetrndßd sft ülee pr-eø*rÍ,püåom øf wghgd*



oph*

13. Freæeriptíon of, çranËåty shouSd åndigate thø

6egree ef pre*f.sÍ.sn üf mßesurÉnsaår ea{år ln dealtng

wEth Liqnåd velures¡ tf¡ø Ëmnner ef reasuËesent"

Áppr*xfunate quartltias sheüld b€ stãte{i f,n terrtç ttiat

ære fasf}åar te th,e avers.gê øtudant, €*go drop*¡ fnche*

S.n n tsgt tt*bær etg*

1t+, 5he cantent of t?¡e rnmnual" Bflsuld Þe øueh e*

to perml.t sçæe Int1ülde of ehclee wJ"th reupeet tc bttr
teaetrer demonstratåene sns student-operstaÉ ex¡erllments"

å6g'mnai Stmrcüure

trlse Éuwey *.n the preeødnng clraptær rwealm a

rathçg wråf#rffi m¡çrum3 $tffiÈÈur@. lt ge*rarallp eonaietg

of¡
[" Su66eæ*åeaa te Èhø $,nçtmrtüË.r*

H" Sbggestf,o*ts ts the såtÉsr¡**

$" ffiafety art* ge# ksueekçeptriß hfnts*
[+* E].lugtratåor¡* ef €sffirsþ upp*ratns ane&nb]"ü.çe

for. Ïatær r€fßFÉËå96ü

5. Ðeeerlpüløn of sfnple tæelrmleTr€Èr

6* Neä-ehenåeal lntrsduetary øxperåwenüa*

3. ï}+e m*ån My trf experlsæuta1 $Ðskr

$arilml tentent

It mlg-,f¿t be supposeÉ tÌ¡at, harl.ng cenetmeted



T5*

s Hasgær &åst sf eçætsrt t"h*t refäecÈe a gcd rurêe$itre

cf cemm pr*etåce, f"È wc:uld be neees$ery onLy te
materå.all.aæ tlTÍ.s f.nt6 eonerete experlwntæo However,

æ*træraå er!,*srÍ.s ar[se wfiåefi åøesn* *ha&' frkÍ.u trtet
sg sv*yn6e *ontê&t bÈ se€*-fåed te S$'t the neæds sf a

$¡srtåe**l.er âåÈgetÍ,#srr p#rh*F# thereby sl*fføråae mutf,*

3.atå*crs and atÈd,Êttsrs, '

L" ï#.hûrat*r¡r !ÉBrk mtst eonform* el.ose3y te the
i

lrLaøsrsÊwE e&ååfi.es wkåeh Í.t, ås des$"gmed te' eampãemærrt.

ËhS* *.s ø,f greatæe åmprtaneø Ëhcn thåt
ttre e*ntent of tbe 3.aþoratery eåur$â rc*f,lþeË

.ti

e$"s*wåy Èhø eonten& æ*lê æaturæ øf,'ths mu*þ*
äos.st* ffie wnmel.& 6ffi qrþås'þ* the, ffiaster A$.;t,'gs

þæws* epgwsf te pruvåde før a orrï.Ë*ff€es Gfler#@$

th* [ees*. #ütçñtj[çn øsãï-e for ø tm*gÉef çsurs&?

øf ffiå*þ Ëåe sæemË yé#r fi.s andwr eer*s*denatûan

ån thl.s otr*cly* Tke e€mtent of the Graée HII
manumf, ççul"é be thç tætal emperåmæntsl cøntent

of the tuilû-yser eêî?fse æfiru* those experå-*ents

*,LseaËy parf*rmed ln ür*de EI, prenl"df"n6 alray*
tfu*t *ltels øm$.sæ*wæ *s rlet vf.&l-êt* Être pråne$.plø

.',..

t'Isæt ä.æbøræÈory ffiesg *!"øæeLy pmr*1,3*Ï" ç,3,as#tr@6ffi

tmfk* *b*xs ** îsåL$" þappen tþet ,e,erltaåx* #t ily*
nreåF tmebeê em :tn #r.ade äI are: e-gala Êä€êråtl-

Èered ü.m &r*Ë* äll, lsi ssch eacfp ,tt þeeossee a

.,::,!

1i

{
i

,i:t'



. -oF&*

*qrdl.*åous eheå*e t+hf.eh #rædæ XT exper$sents te

, rçF@æt lrs &rm*g Xïlr aæð tn etlat ffi¡&trãlerc &øa

tgg* * t*r**year egilr*ë &ey sû?6r e wådqr &fë&

af, sêmåy th@ m. çBt€*F€&r çÐütrsê, Fpr tkf.s

rse#ûìn åt maf hæ r*e*esËery ts tneludø *x¡rctl*
wøultsl to$¡Í,es ç'ftåeh ræceåss $"Íttl"e sr !ïG r¿emtåea

fn the Haster Llet"
#. Â Ï"sbaratss:l €êussg mrsü taftæ çe#gråæ*s¡çç of

þneal Låmåtu,tÈpn s l-¡n laþors*,,,,,,,,,,,,,,,,or$r æwlpmant *

&a the äyeragê, ffiamåf**þa hf#å sehøÐT,. Ls,þ{rr-

{rtory cqef,pent le usual-J-y of, a sÍmp}e natmre,

freqîã€*ltåF møË l,nelu6Ín6 pre*SsÍam þsl"emçss ar
ftnma oupÞ*mrdæ. äïfl*e t* t* *"wpraeäå*m3 tË

*$s:l"eü om qu*mÈåtatåve exper$uøc,rt* ttaat reqnüre

døLlsmtæ ureigfri,ngs ¡ &r pre¡wratå.wts that Í.nvalvs

Euantttåes of nsxlfius g*såsr

Behå* ã li.sts the hre.*å êãSer$æsr¡tsÏ, thøffiês

of tho Haetsr l,fet" Tt sitows whlsh af theçø t}-¿emes

ffip@ 6$irrsËåËLy daa[t øüh Ím tkæ es*s$*Eg &rmde Kll
l-ebøratorg G6&ff*Ë? end vllfsh sf tbesa thøxneç wåItr ba

dea*?t w{.tþ. l¡a the laberetsry dffirsÊ &$ ***}"Ímad lr¡ the

propoeed msnuaS"

tsaþåe 3 sÞswe the g*neret eenÈest- pf tlre
wrment &rade HII ehemni*try ê6xåFeø þy *ge*Fter !reaé$¡r#s

frsm ttre tæstr} together wü"th *xperÍmøæta3. rrerk s&åü#,ble

fep tfsefi@ erÉs,$ of *tndy alr6 whleh wÍ.Ll ke *,*¡eåudod *n
XMeFrrsrson. W, et. al.. Intnoduet!.on t-a-ü-qX1-eee*

Ëheqil,F.tFy (Hç.qton¡' ç1nn ane eó,



f*tell
F 

ë{ 
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*e pepse# ffie&Kë,å.

3. Å 3.ah*raücry

arr*nged å:r tha +rder

c3.asefpotn approaeh.

*êrårs* must h*ne $,tæ exper*ø*nte

åhet nç$"f,Ï. æætch *tre ,reqncnee øf

ãt dffi. bs ew8ed frslsû ffaþLc A gliÞåe ttre sub-

$eef rsa*tær å¡l tke etarry*nt t&ìËt has be€n F€&r*

rang*d far *çaeht$g' p¡rÞese&* ã,hø rgmgsag fçr
thÍe ËeêrrerågÈemer*t bæas re,våwÍng, eÍsree tþey
&pply äE tkw er*e,r w*. ewperåmwntatfÈñ e$ we1.l..

let the srder of expe"l**ntutl"en wrst be çtrf$f-
cfønÈLy f}esåhle r.hæt å.t ææy be dapted t* a

dåffæress& *r4sr ef appræftçk n

#utrphur eed g*s ËËffiËffiåffid*, wnd amlonË,e,

fsm tlae subJect sntüer for the æarl"åeat stnrdf"es

åu Grade ffill ehomtstry hçea$se tFrey prorÍd@

m det*tlcå erça æf *tudy *¡r decçr$"ptåwa ehsna*

åætry* trhey dç thls wltÏ¡out dra*rång heav5.ly

E*r þasåe g*meral.$"*atåoæ, *åse a,rw yst $s bç

studl.€d, At the sæËtÉ ttæ they Berml.t eeryersJ"

exam¡ile* trf lr¡dustrlså æFp1leatlsns, *rhleh

Frovådes e" üffis,r,€tc apprea*h üo ?hç strrdy"

llwy ase st**.tab1e for esr3g lsþ*reËery *xpar:[*
mmrtetånæ, *nd prenr$.d* nræereus esêref.se* fm

*Êestsams* ïþrsy prevÍ.ëø seff,tçÍ.øsr*!"y d*fsåeuå*
sätssæt*sn* wlx¡*e ct"arÍfåçets,sn¿ *ææsmds a üeepør
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#figg-TH'Ïlü ffi #eir$ffi Hãf #F##-ËfËffi$
ffi*ffi#& wrffi FnËF#ffiffi* &&ffiffiåg*Ëg

þf#Fffi g# få##üÈ4Fåff$ f*

la-lli*-r lla-.r¡¡rrutrrlrtl¡rtari!-!ir-rtt!'!lrrr l¡#rf! r!pl!-?frlr¡.lft I

Segæ #hmpêør tuþÍqe*,þ&Èter
ra{È. - .-'^'it-'--:r^ 'r* ú ' !-. I ¡Ë i! .!-!Ð-f li-tf ! Ëbti "- r - ..*r .tlrr- r -.ì- tri

Ë5t' f"ç fiulphur a¡¡fl lts e@þounês.

: :träãäåå*äffi muä$"ffiergäþff#: ffå,T"
. *FrepatrÊ¡tlei* acld propertÍ^as of yrpgq-.

P&f "$I. &mpnÍs.-

63

8t

åþå

Ï.ffi å*+

å## :"5

H.å nð
ä$3 #r.

.'Freparntåen exd propertåes of Í¡$lr"
åt*Ðfe a#uetuse and ûtp lmplleettensî
*ål.tr:t.e s*å.d* nåtregæ*' q¡xådç*'

"r$Fepasgfl*n æe-þf*srær&ü.ee ef Fffiðg.
", #rcfd etf.om*redrlet:lqn.
noffhe Setarald Bro&afsr

The grym law* i tt¿e" mnleeu}ar theory,
* "Seffisn$üraÈång BoyS.es fmÞr.
*,S*meük#tpstÍ.nã *rähemt ç Sew ef, Ð$.-ff,asl[nn,

fipdrøgen pøroxl,rüc ç law* ef' def,fnf.te end ef
m:I.tf"pLe preportLrnß r
Salence" l{çS.eeuLalr snd ÀtemÍc Hetçhüs.
F*rwl"ae, Fiqr*atfom* , Hqpatg"#ffi psrËleæå ,

o"Fetæruntfif,ag ml-eeu3.er wt* of, 6ü*.
" *S*kmtnå*sáÍ tf¡u f,r¡rm$"* sf tå.n åråêe,

SæLutfome.
,.Feet&rs affeet*,ng so1.sttcnneç hydretsd

selts ¡ lypee of äolutLsn+
_ o*Ef,fest æ Þ*åäå*sË p*Snt of eoneffi?trs*åan.
trhø ttrcory ef $,ønåa*tfi,ef¡, øefês, aou*r*&Í.aa*
tåem*

* ,#onduetåvlty Í.æ solutÈsffi ç øtrmgth ef
aegd*.

*.ä* æhesr df.ff,erenee þek*een ætæ¿ end [oIT"
" *Yå.trestågt*,

F*gæ
teet; se€ Ë)åË8 f6 of, tlgå* study.

p

.$
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fåS'fÆ 3-@g4gg

ffi,ï"-''l *
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363
$vç

Ëü* Lü

g?6 gtã

k#'r 3ü

htrJ" 3*

t*$S Sh,

Ëå* SF

3prå

#hl.*rf"ne¡ s*dåtwr b#r*ç*1sr$"e æeåd ¡ *r:d;Í.u:n
lrydronlde. etg"

* *Frçt¡såpetå*r¡ ær€ prepeetÍ.es sf *h3çråne*
o *FsçFaraÈÍon anê propertlee of HËl'

Ëetes *f ves**åont æquåÏ.Íbritm*
o .Ç!td'þåÉal. eg*fLttiråumç Èws$*Èelp a$feçt*

ËIre perf.odle sïas*J.f,ånaÈå*n r
Eh€ ?xåf,ê6&?$Ç

o*S*tx&y e¡f t'he *åw*mÈ*n theår'Ttydr$.d**o
**lË ùt**å* såLvep sal.tsr

Få*gåGw *f tþe,m*åplrmr fwæååy å$ &&&h*
Fhospbonrs f*mã"Xy"

" 
*i$rdroÏ,ysÍe.

så.11çon smd bævøn #ffi$rs&î¡Ðå$$
tnLåoåds *

*',Fs@p#ra$åoat *nd
* nPtr*parst'f.an snd

W

Shm Hetale
ffi

trtrrymlståeÊ 6f ew3"3q'$.ås"
pwspertåes (àf wå*â*ns,

Elydreearbon*¡ petr+leum p**duut*1 Et*o
Fuel,s and fl¡ages.

* *F3-s"sæ tdæts f*r .wets,l åmms*
ffsreøhg*Fwts#î atreoltols * êther*.
*x-gsx*å* a*å#ni e*41 Èsr üüælþÞun#er

" "#aSmmXfå.eetlpn,

*13,cyu, mtal.?$r$fr meÈsll1c æslte*
,,H+du,*tåon rqlth f,strhcn.
**åËtäT,pnåg ef ülae sttver Efetrp *f æø&a$"9*

ffismw ysry asËåv* wætmå** l$aç Ku #m"n

*"ffls# Geåvay FPs#6#8e
* *Fr*paratåwn æf cal"eåt*m üfifil$ffiüsxds*

þ+aËer ÞeafmanËr
n,ff**tÍæg f*su *ltd rstffiwsnë har#gtegw ür* wa*

tçr,
lran, f.ts r6et'â3.1urgg1 lte eaæpar:r*ds"

, *Freparatås¡ erilÍ pr*pertåea of, førrsue
åräå- førr$m *a3t*t t3¿eË.r çså*ffi,tíæ: mr¡ü
rædaet&snr
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ärxd eere abstrac€ $Èrådy cf, hæ.sås ËråfisåF1e#.

The tke,*rg ef at€*$å* sÈmaç&¡re l* ***&åd
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($ast e* f.n &psde Xf $,t ru¡nùsøs frçm t&ø såtxdy

sf sÉrrËÞsã aet* hy#mgæä) ç hE an eeråy sÈa6æ

ffi6 æta**srt å* Ê¡arqlååmrl.seÉ *rS& **rs m*çt b*süe

þrânes.píç øf eheæÍ*try* l& wry þç es#pËd gþet

æteh a pr:Lneåpl"e shorüd þe left tåå1 mreh. lnËer,
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$üwsser * poffi"*r ån*erøst åffi ffibetôffirt* seåeR*+

mn# Ste pra€mc&w Ss s* greet **¡a* t&e esr3.F

ætr#y' ef th*s thæ*rg ls mræ *p* tø wt$walæts

Ëhëffi tÐ ügs$*wre¡:;e *&e wteÉ*nt ü.m&*rçs&n lt
prwvtd*a *er$"y eppor*ønl.ty te mrk at tks
F*ügfuest *mt*1.I"çefuef" ïeqre3. ø,ff npp*eeêhr te
êswüüøürætæ tüss f.åffiåt&d ø*e*mgråf"shsøsts sf seå*

&tE*€ æffi th* eLrr*åve nats¡pe ef &rtsth*

ffi*,tråç msf,"* æ# *hæ cm,á.dss e,f nttr*gen ar*
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tp ålLlr¡süsatç tl¡ø eXeetronle prfnefpte ef
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&rÉ fæeqeeesxÈ3"y øy:rftted. fro¡s ahems-ætsy Ëe*tås#6* theg are
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ëo a$fsøt er¡y ffiffi*åbgff *h*å#I* Se*ræ ðs$ËÊffiå$6 the
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aLss s#ês t'!¡* leEæetÐry føf sftgeet sr * thff¡gt tsaeh*

JA
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pæoø6ød by sfi åm*røü€etÊry wssttdffi d;haÈ preserübe*
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Ëþåø æt'udy hæc stlrrËd $F e numk*r ef quæstÍsmæ

wkÍeh m:[&er tt hæs l*s* æ&&eapùd te wgtræ#* sF å.t heæ
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ffi*sïå* tq FluøñF æ4æd*6 rEffry*s sEqs 1* gmdagst#$

ffi Äffffi #ffig#,ÉTsws ffiçã*HIW tÞeçp'64s* *e gwøoerd
*sw ssææ AWæç*ød¡se *vaç ¡g eç¡g$Ëd#$ .€Ï,æAgsfqõsd
ã$ sxw&l tssÐT*såå*#q$ .tr$[ rm wlssffiT$ seT*q e

*e6 *åryæe*etd *ç*s s4 å,-#:ge €q .€ãffi *f *rËæg*CIdxa æf¿
c[ãffi#¡öW åæx*^W r##&sËT æS@ø e.W å#Jry €* ffittfæ

-sd q. 4ffi FT*æE# pn¡ç eaffi$#dw$ de,effiaa* #[8 ees
esÐw+ tc*æ#wre.# fËryS.æ{ëûsffi æ ffiT,eËry &A eeã wfrb

+qrytæ ÐåpH üt ð$+Ðfilgt$sï €'4+ ¡sJi ä88Ë *t pï4eÉ *T
rffi8se *g gxt*øç*ø&æ* sq* Wä "*æTE w} @ sq tTç&

e*g qogw Æqs 4ss*l çe *4w,gwd äqB ge emør *&ÐËÍre#
*B .effiB sq F:f*stffi eg r4ffiwgædge sq$ SB *tmffi*go**p

*W *eg d,*ees*psÊr åq {ff4 Stgq& åTqs*#sw Em*e¡d€w
wgÞ *seåäæs ð* *Ëqp €q { #s€€Ð *#w l¡Ë r Släêrts o*g

*þøsslå*@æ æ& Éæ 4twø.çaeeø Ðry+ $s *ssd¿ud ðr{Ð q$$.rfrq &
sHrB€ffi a*d$as e* F$æ*søsffi sf *ffi$€.tt# eq+ wls#trs#çæt - #Er{+ Êrrf.m4 '$û$#6Ë"?ËTp sÉßls 'Ð qtle t{ilæ'5.{Ðü¡Eå

qåæë ryBaq #* *ï;råË&S;üW sT *ï 4ffi¡[å¡Ð Eæfiry,¿Stre$ Sffi

ågaeðæ +e¡¡ ttuapm*s ffi{x ¡s +aæd,orf+ ffi +teg#Ë TË+Iæür
*sgs*þ*,ú Þfs6xð# ffiF*rüøxe e46 ùð#lþ.Ë&s&_A*ø*mry ðW

æe6g: dsla*æp p:gþ#Rffi s*g&wïE&effiÞË æ ¡elq***d **eqg

Ëffieffift.gq @eìa Ë'trF,F$TrSW 6q #e#$s &ä r*ffiw
#TqA +€sJfsp "deæ aaæg4ug ss€tÐ *rsüT&wt6Ë1gst1Ëæ

¿#&*#rytrs Æ#+$sw*äû* #ryfietrrffi sgq #@ €sdEHßry ä6[& Eñ
*{#gq¡þs sffi .Æq, p**p*rgwsew eægqaæd Ag$'ðsqs e? BEFÞ#

esïes#p prþ#Rffi
rffæBqfa á.c+af

ts##:æ* s,#tsffi$T *æåd q6&s*sffi T'gr* +effi #*rsffi
r$4dxe r4HËægswF ÞEæ TBaSSÀT$ffir *Ef+ fwç1æ48Ë

¿ætæsg*#Bd sa'oÄ $@ sffi eq1 Xeau ü,9 €Ðgltfie Tsg *ftssçs
tEÐTÐ6 s+ d.?S15qfedes¿.Jns.ß 8T *T lwsa*¡mÞea

ryÈam -æ ægü¡¡!{llÁæqs ãft#* Iã#q$Effi : r*&#** daæçwcqeg
d¿*s3wg gåS aWrB êifl+ So e+lrc¡læþa.r ffiFtrffi aq?
pø4ç.uooead s*q r¡ÈEgËû€Ëpg Sê +qðq¿Bdeg 6ü{&

ffi&Ðåä&#ffi$ ffi& eå

SS ð$ æ'$Ë# ã'TS*XI Jið ËS ry&ffi'.fiæe*eæm

Fffiê,fiÐ *wçn$æ* eçq€gefr## 8q* Et
Ð#sE[&

-q6-
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bæ*æ*åy x*kãt ks sbeffi,**p ffi*& *,E gt S.s *ce& w3æ* eå&her
þø øs hÈs Í,æ*ffist*r eryøtæë, ãf th& eÈffi Wæfttd
he MÉ xterw*Ï,Try *seh f¿&s fÍséÊs{gs @ r*æeæ*l¡ng *hË
æpr$æn€+ #Ë@rs å,1*$"ø Ís *ff€& SæþpscÉ*,Ëse h* stmælõ
xt*Èe Ê¡n kls æsæ ffi*ås*Êew** ffi* k sffiþËG*s$ & gÉ**
åd, uftsre pøsslblar *¿e s}èffi3d df,a€ru*s Ëbe glrubable
G€mses ef, hts desfstfæ. If t*¿l.e F¡.aß la fol"lawed,
tlffis te øpprtffiåty f,er fMttldu*} lsLtåattrer ad
lese EÍksttbd s*' t€g€k-&w@&r E*eúfüMee !n f,he X.dbor-
**âFr.

ãhe ÍnsffiEtør Mtl;. r¡øtæ ËheË iB Ge* prepsr*
*Såæ ffis *Mffit *,+ wæøøted[ Ë& rw:[w t;k# ffiGGt €f
Ëæ åppseÈes å,ssæbilåea, øaË frw hår howlødg& @f
the ehæfeal sæsËlen a# tfre ¡xrotmrtÍos &f &s ssb*
#tss&*# ästselreÉ* È6 ëedææ, &s pF*gGæ çepålææÈ f¡ç
r¡å11 trþsd tê ets€ffiblo* Sir*,s @y b &a*çøleperdl s*€risg
elaes dt*euaefom¡ wf.th tha peøfÞ311ÈF of çartetim
fm tFm eæggestext eçnlgment*

fü Hf.I"f. be fsrtÊ¡er rretd that çeçeral exg#FÍ-
aer*ts cwaäæ* $f *&éÈ*€ßs ffiå*ft ÞfekÞ1y e** wü egå
ks pærf,ø*ms4 fs æe åebaræt*ry perå#* -ffk*pe 

wary be
åæe fs ÉË,f,fsr€ffit pærledeo endl Í.æ effeet, rate aø
æ¡mrate ex¡¡erlmætæ.
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TO THE STTIDENT

Your laboratory -work ,pqovides you with theopportunity of developing within yourself so&e of the
characteris,tics. of the scientist: complete honesty andaçcuxaterintellÍgent appraisal of your ûind.ings. Honesty
means not only that you must refrain from ooBÍine, it
means alos thåt you wiII not let your knowledþe õf
"þul to elpect interlere wi_t4 _youi observations" Report
what you find-ev.e,R if ¡i'ou think it ,ié wr.ong, BUT,usã ablank sheet:as the last page of J¡ourr.re,pqrï,on whichto_explain what you e:cpected to getrwhy you ercpected i t,
and perhaps wliy. ¡r,our ,rygs'uJ.ts 'a¡e riiff e¡ènt, 'Ifrir , 

1r'critÍcal appraisal uay be the most inrportant part ofyour reponti 
'

--Sõme 
trreople are more e,l,-ert to noticu 'tlrirrg"than are others;try to èevelop this characieristícI

Having nade a number óf obserivaiions it is
often possible to draw certain geneiaÌ conclusions
fronr then. 'xhis is the chief value of maki4g observations:to learn some prÍnciple from them.

To make sure that your report is honest and
aecurate'. write it as yor¡ do thê,,eiperÍmenür,not át soeelater date. .' In,order to arrive at a succé.ssful conelusionto a labo¡a,tory exper.imgnt: :

1, llial<é suie that you understand clearly what
the purpose of the experiment is, at ci do not lose
sight of this. Prepare yourself þ.y, reading for under-
staq$ing any theory or d.escription thet has a bearing
on the experimental probleu,. ,,,, .'. , ,r , '

experiment without first co.nsu;lting yoür instructæ;
dangerous unf oreseen situetions miãfrt ¿ìrise..

õ., Ey6¡¡ when working with a partner,take a ,, '

personal part in the experrinent. 3e alêrt. tse self -'r
re liant.

4. Report your work inrmediate'I¡rreven if only
in a rough f'orm.

t..
il,i'.
1,"fì
I

t:
j,,
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@NERAT LABORATORY PRT]CAUTIONS

Equi ome![U

1. Apparatus and s*rround.ings shourd be kept crean.3efor,g.- using ?n,y appar.atus be sure it is cLean.2, ïrhen finished.-witrr yoïr equipnent ¿ismaãfie it,u¡a!h it rsort it out,and ieturn -it- t,o 
-your 

ins tructor"
-^!:^i1?"" your i,ivorkbench clean and tí¿V.fieagents "

+' Reagent bottles must not_be kept at your desk.Return them to, their proper place *^"-roo., us yoì.r arefinished with them. - ¡ ¿-

2. Unused reagents must not be poured back intoreagent bottres. j'or this reason exercise care inmeasuring out- just enough ïeagent for """ ,3, Use smal_t qi.ranririãJ o: Tã;s";¡; ;; s pecif i.ed.4. v'hile p_ouring ,reagents 
_tceà! {tu ;iopp.r of thereagent bottl-e betwe en-your f ingË"ulão* not p1a ce Íton the tabre to beco¡ie äontañin;Gã"ïurrru"" it v¿henyou ar€ finished n --

5. Solid reagents nay be polr:reo. onto a pj-ece ofgleal paBer,and' frcn tåe paper :.ntc the test tube orflask.
6. Read Labels car.efully.7, Ðo not mix reager.ts äthe=, than asco¡nmon r eagents i::rp:rope::ly rnixed roayharmful reactÍons" ,Iirere 

"án be ¿anáårif you hunt f or. Ít,

scpc?ifj.ed;
:'esul-t in very
in a laboratory

..;

ì
,ii

t
.!
J'

4

Î
1
4

fl
I
,jj

:3
L'..1

+
'ìì
',tl

.j
::Å
{ll

8' Nezer mix-reagents so thaÈ the open conta insr isdirec_ted towards. yõu or another pã"*oäl9..H?ndling acíð.s i -
(a ) concã-nirã!gg=o_O:*r_, (gspeciatry sul;huric a cid)Tf the cìnîaÍner-iñtõ ñhîcrr lhe-strong acid is beingpoured is v¡et,add the acid slov,rly,"*ïirìng the contentsas you do so".'''nough heat might óihuñi;e'oe generated.so th¿,t the steam iroro it coútO ¡..]_o,,v iirå contents outof the containeï. NEV;_.;R pOUn UIATúR fmlO Ctil.[CENiRliT¡ÐSULT-HURIC ACTÐ;ALNYAYS M])C BY POUPI1SG rUN ACr¡ STO\if,LYïNTO.TlrE \TATER lvirH consClrm srrr-.Rrlrc c;n 

-dliiñlri'iõ:-'-*
(¡) {eetrTg ågja-e: ¡ãpL ci¿Lty with coïrcen.t:ateclacids,it-iF ñiãe-tõ pr-a;;'-thu u.io ;;;t"i n., into anggltr sandbat or otî:er metar dt;h ;;d-inen to heat thedish, Tf the container sho rla ãi-ó:.-väu aïÊ not so1íEe}{r t: þ:. spgttcre d ,rith concentrated hct acid.,( c, tjpffl* Wil,e up. t ny spi l}s iru¡ed. izr i;e ly vri itr awet rag' ]f vou get a c:i-¿ ón yoi,r.r skin rins,-- i t of f wi thplentv of coic wãter, if ii i" "on"u'tiãt.o acid youmay f ollow this up wÍth arrisne "i 

-;;diur¡ 
¡Ícerbonatesor-ution. (the insiru"to -rrirr_ havã tirii-h";d;)¿ 

vv¡'Jq vu
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If you suspect that you have acid on your' clothing soak
the spot with sodiun bicarbonate solution until there
is no more fízzíng. Strong bases fike sodium hydroxide
should be washed off with water,then neutralizeo wíth
boraci c acid solut ion.

(fO) Never bríng.your nose close to the opening of
a contai.ner to smell the fumes. Rather,waf t them towards
your nose with your opcn hand.

trfa s te l,[a te r ia Is
1. liquid wastes nay be run down the sink. Strong

acíds partÍcularly shoulo be f,]ushed d.own with copious
amounts of water,so that they.may be diluted to a
harmless concentration in the plunbing

2" Solid wasiss should be-emptíed. Ínto the erock
pr ovid.ed

3. Sinks should be kept free of papers,splintets,
or any other solid wastes,

GenerAL-Te chniq u-€s
1. 'tlillen nc't using a b',i:ncr keep it turend 1ow.
2, Never leave a bunsen burner under a reaction

or unde r a boiting soluti on vuhen you must leave your
experiment unattended.

IABOP.ATCRY TECHidTqUES

Boi ling
1.ï-n_a_tg.s! lube: Use a gentle non-luminoLrs f1ame.

Avoia heating the portion of the tube above the liquid
level. n{ake sure the outside of the test tube is dry.
Hola the te st tube with a tc.st tube holder or a
folded strÍp of paper.Pass it through the f, lame back
and forth at an angle so that the flame strikes it
froin the side rather than fronr directly underneeth.
Ïtlhen it starts to boil wait ugtil the frothing subsid.es
befo::e again passing it through the flameq

2, In large cpntainers: Use thin-waIIed vessels,
dry on tñe-oãtlÍãeT 5eãi<ãrã,f lasks,etc. ar€ place d on
a wir'e gauze helo on a ring stand.. Use a gentle non-
luminous flal,ne. No boiling vesseJ should be left
unattenderl. "o not boil tõ ¿ryness,and avoio oirect
flames Rgaínst the part of the vessl-e above the liquid
l-evel. rs prevent bumping,especia lly where the liquid
depth is conside ra-ole,place in the iiquid small- pieces
of porcu.s earthenware,or short lengths of capillary
tubing.
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3i lte rine
tr'old the f ir-ter paper into quarters. ,pen Ít topqkg * paper' cone . ¡ it tr¡e co ne fnto the f iiter funner.rf it is not a close fit adjust your ããro. unressotherwise instructed,wet thë fir[er pãper so that itclings to the funnel wa1fg. rhe fewei ãir.sp"cãs-tñerearg between ápaper "-,nd wa]ls ,the more rapiä your fiæ -ering will be;there should be no eir spaccs re:_ chine

f"g* top to bottom of your fitter papei,.-ri ñ;;ïbt;Iet your solution ,stano to settle,ä;ä. dra:.n õff theclei'r ríqui.d into the f iltc r f irsú ; this Ís ca lreodecantíng. tiliash the solio portions in last, i,¡evei Letthe solution lever in the iunr,e r r ise above trre--eãgÀof the filter paper,
MeasurinE Volumes
_ A liquid has e curved. s,-rrface or meniscusrusualry
lighcr at the edç9s th.,n at. the centre.. Alway"'rãJ"u"efrom the bottom (i.e.òentre) of the men$Ècusl Takereadíngs.with the instrument at eye-level,sinceerrors will resurt from re¡:ding ai a slani. üoarse
meesurcments ef large- vorr¡:nes can be made by means ofgrèduated cyrinders. l!'ore precÍse &easurme nLs can be
made _e_ither by means of e. pÍpette or a burette.

IiVhen r;sing a pipette s*ók at the toÉ opening todraw the liquid into the instrument welL-paãt thð
upp€rmost calibration. then quiçkIy placê the thuuboI finger over the top opening. 3y 

"ciñitting'air pastthe thumb the exact amount of liqti¿ can be run oüt.If a harmful liquid is being meçs:-ired ít should be
dra*wn into the pipette by mãaas of a rubkrer bulb.

Vtlhen usÍng a burette fir-J. it with tiquid wel_l
abov_e the toy caiibration. Èee that there ís no riquidon the outside to drÍp down. then run out enough riquídto fill the tip or nozzle both above and below-the dlamp
or. tap.,Adjust -the clamp so that no liquio is le:,kingout of the nozzre. Now adjust the liquici level in rhãburette so that the ueniscus is at the zelro calibration.
You are now ready to deliver any exact vori,¡¡r¡e of liquid.fn most pipettes or bur.ettes the calibrations donot extend to the bottom. Tn such cases do not ori:rin
the liquid past the lower calibration. buppose that the
bottom calibration read.s 10 ul. ThÍs neans that your
have run off 10 n1s. when the liquíd level has dropped
from the zero mark to the 10 rnt. mark;a.ny liquid.below
this leve1 is not to be delivered.
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since the n¿'i.t:r,re and d.elicacy of barances.wirlvary,your instructor wil-1 demonstiate the proper useof the balance in your labor.atory. In geneial-1. Never prace hot objects ón the balance pan.2, Protect the pens from water and e.ctive ie,gert s,
Alwa_ys use a we ighe d contaÍner or f ilter pãperr
on the pan to hold your sample to be weigheã.3. Arways lower the balance pañs on to theii restsbefore.placing on the¡n thõ object to be weighed.4. *he object tone weighed shouid rest on the-left pan.Glass tubinEæ

.1-.To_r.!¿l_a__gåven lq-ngth: Make a scraiwish- To-bFeãk-rh'e-rübîns'. Grasp rhe tu6u"h"uh8fiã g3s"rch,
one hand on each side of the scratch and with the thumbs
together at the scratch. Puil adc;l bend sicteways at the
game time.

2._To_ fige-pg1j.s4_i Ïhe end of the glass tubing may
have-a-sla?p-ããgã.-Ho1d it in a hot ofue flame white
rotating the tube untÍl thís edge melts down to a
smooth edge

3._To gaEe_a_bend: Use a f ish-tail top to spread
the hot, blue flame of your burner. Hold the glass
tubing lengthwÍse in the flane so that about t wo inches
of it are heateo ¿rt thc s anic time, The object, is to
heat it uniformly all over. To do thÍs,rotate the
tubing between your fíngers,at the same time moving
it back and forth lengthrvise through the flame. After
a while , by gentle sideways pr.ess.ure te st the g1¡"iss
f or sof tness, bu.t _do i:ot attempt t o bend it while it
is in the f lame. lühen it is sóf t remove it f rom the
flame and by gentle sioeways pressure bend it slowly
to shape. If you bend too rapidlyrconeentrate the
heat too much in one spot,or get the walLs too soft,
the walls will collapse and make a bend whose inside
dianeter is flattened out.

4 . !o_i nsg.r.!. gla s s_tgb ¿ ng !n!o_a_s!.9jpgr: tr' irs t
wet both. the tubing an<i the stopper. lheñ gently fqce
the , tubing into the hole vui th a twisting mot ion.Avoid holding the tubing so that you erð pushing on
it directly from behínd. If it shoulo break thejagged end"s night cut your hand or ¿rr&. It is better
to grasp it from tht; side,or. where possible to pull
on it,
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COIûMON APPARATUS ASSIABLIES

Laboratory preperations usr¡ä lIy involve two sttageo:
the generiìtion-and the collection of the subste,nce. In
the najorÍty of cases the substance involveo is a g;as.
Knowing whet materials will be needed to generate the
gas and what its physieal properties a re 'yor¡ should_be
á¡te to deduce which combination of apparatus would
serve the purpose of prb'paring and collecting the gaË.

GENER.AIORS
f.-Tf,ãñF solids are being heated:

--F'rrr^hn 
5t.rn¿t-'

-- Þvt'ãi t'ist t"''þr'-
:í:j. 's:.Þ s i r \/ e..l ¡¡ t'r' l}€
¡(- fJr.!ç.'\'' irlÊ StcTrËeY

fi
n

¿J
¡''-'!"1 I i

t? \^, i..- r L_f
---:---l- 2. If a. liquid is

rl .\i -.- thrsf le

cle I'vg¡'"*¡

-. 

f.{.o.. r.1C I q
*.L \úr_tt't çr

----f lq"-'lu'

--. C 1 ¿r. \'rr lt

addeo
l:.v-Ve.

,:l.
-:

- u) rt t t!o..Àze-
--'lìrrr3 Clcçrrrç'

S,r¡¡r1ct

'tc. t¡ €
e1 o ç, p.¡r,

or products

ReloYt

H*ì J;:,,Ï* ï,î'ir,i*",:'" d *'
'i 

; i ;; ,'.¡: . f,', ,.1 ill,îl ilïi:i i,..¡s
i,îi'i:';tt'::;::;ì;t ËErs íþre '

ili ru-. : I 
*,?' 

în' l, *?',î,ï 
"iåi ï.¿

ì"ä"" ¡6¡r r'rìe eir gla*s
t"tol c\ atr''P '

C' I CÀ r.'i {â

Et-rlafy Sa.rrd ìr,*11.1

-- 
f arge \3yrt:r f esf ft^.be-

act on rubber:

tg$t T*e ,=r"l r;f fttr:
lne to,-t 1L. be rTr t¡. St
l¡o- le,¿\c¿rl ¿;c't ts rá g

;tifn I t<lctrrJ

\ ltY€l
líq',ìrl

,-rF.r+l
l--æ-¿

'$<.r.|(qt" t¿
-äol¡i øat':.Y '
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ratus AssembLies

f*o'.r ge'rer'..1o1

P.If the gas is soluble' Heavier than air

gt'" gva for

-LAz-

c.tirrg Ðotfle
"f' , '-ia.'{ er.

in water
liehter than air

c¡,llecl¡ r,c \
E;.rf t(,-..-t_*-.

æ*..*- {1"+v't

til ',""
LU. J

õ.If the gas is to be d,ry
lf*iì,.,ç lfr'r,(,
il"
ll .- {'r..t,tt,'nÉ

tH=ä:*q;Ï; ";îo*'' iì,î-'-'l; rlee¿ed
¡ ',¡"'bhr-'' ll !\ ?;iä. ll i -'ro¡r¡e'
tå;î,î.,.,,,* 
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4.If a noxious or unpleasant gas is to be collected with-
out using a fume hood the following method of collection
may be eñployed: (e .g. sulphur di oxlde rghlorine ) ..

g"o*. (isv.,e¡.atot" Note: -he 2-holed stqppef
¡''iri,rrlcer f,b€.'; should f it loosely.lVhen

{,¡ l'!^...I¿¿t ctoFÈ.Ç¡' the collecting bottle isrr-" tt7 
'..z' 'å,,,,*.t,,,g So+ t !e fuII it can then be reaû-*¡1r''.t=tþ.y.c¿,iiecrt;rg '""' 

íly replaced by an ernpty
bottle..rdHþrí;'-:tlh .-rRAp: r-or sop it should.

i l|]''; I ti 'l* -n'ar Ëditåi;-;"iãí"-roi-"cr p ít
I ll I L-llJ may contain either stÏo ns
I ll I l. ti..¡ sodium thiosulphate solution!-r' :-'¡ or st,rong NaOH solution-

TO rNffiRT GLASS TUBTNG rNTO A RUSBIiR STOPmR,SJET BoTH,
GENTT,Y T'ORCE TUBTNG INTO STOPEER WITH A IXITISTING trIOTTON.
ezus? TUBÎNG tr'Rorfi TIIE SrÐ8,T0 AVOID CUÎS rX' 'iÏm TUBTNG
SHOT]I-,D ACCIDENTATT,Y 3 REAK.
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M.Tf'Íå9a1l.part6.?lt}uburner,dismantting:-'_.. ------ã: q-Ê !,q- we e¡ e¿^v ur¿Ár¡ç¡ ¡rtlÈilllcllltrÀIIf6wnere possible. urcan them white they are apart and
å:31":*bl: . tda ke a 

_ 
cross -se cti ona I diagram õr trre bu¡rr¡er .Turn on _the gas and lÍght theburner; Ffripulate the-air vents

3nd the, justment at the base of theburner ( t.r the gas taB) , to disooverthe effect of eãch on-ifre natureof the flame.
l.How do you adjust the height of a

f lamg ?. . . . . . . . . . . . . . .. . | , . o . . . . . . r .

a a o a-a ¡ o o ó ¡ o a a a. a a a a a a . a a a ó a a. a a.. a

2.How do you make e yellow (Iuminous)

flamg?....o r o ò,....

5¡How do you make

i a , i, t a a a a . a . a r a o o i ¡ r . i ¡ a a a a a a a a . . a . . a a a . . . a a r a a . a a a a ,

4. IIow oo you make a very hot blue ftame?.....r.....
.. a a a 'a r. i. ..... a. t a. i ¡ r I i i,. a t a.. a. a a.. ¡.. t r...,., |,...,

Tle.sas inside will catch fíre u"o ¡orã at the bottomof the burner. This happens most often when the vents
?-re wide open and refleõted heat from sone--oo¡Ãci-ä"õthe burner heats the burner, rt is calted t"iiiui"e -
backr. It is harmfuliturn off the gas *h"n"o"" thiã
happens ,let cool, and 1ight aga in.,

D-.fi9-r¡u can you teIl by sound,shaperor colour of flamewhether a burner has struck back?-

taaaaaaraaarôaaaa.aaaa-a.aa.aa.r.aaaaaaaaa.a¡aaaaa

a a a e a a a a a. r o. . ... a a .... a.. a-.. .,...a,.ò.. a a a a..., a.a a.. a, a a..a -3y means of tongs hold a,cord porcerain dish overthe tip q a lu¡oinous frame;then try it with a non-luninous (utue) flame,
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PFts],IMINARY E)CERCIffiS

: Bunsen burne r, porce lain diütr,ongs, sP ers , cardboard.

aa¡ a a a a a a a a aa l a a, a a a a,.. a a.. ar

a gentle blug flame?.,..........,..
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6. tífhat kind of f lame is sooty?........... r.... r.....

7. Whigh kind of f1are is a redúcing flame,and why?

' "'';åj;;;';;';'Å;;;i;'bi;;';il;.'ir'i""t 
" splinter

or pieos of heavy cardboard across the base of the
flalne and renove before it catches fire.(ff it catches
fire drop it into the sink). Note whether there Ís more
scorchíng at the edge than at the centre. Repeat,hold.-
ing the splinter higher in the flame.
8. llfhich ís the hottest part of a flame

The tip or the base?........... r..... r. r¡.. o.......

The inside or the edge?........ ..............

2.DET5RI\[T OF II/ATER
ffiã, sma l1 beaker ( oo-roonr; )

Procedure: lVeigh a clean and perfectly dry smalI beaker
as ac'c¡rrateiy aã.vour balances permit.-I¡reaêure into it
15 mL . ( pipe t"te ) of ï'¡a ter a nd we igh aga in .

1. IÍeight of water and beaker........... gÍts.

2. Vtieight of empt¡r dry beaker........... gmsr

3. Volume of water ( rs r.reasured) ...... nls.
4..Ðensity of water (Vfeight + v-olume)... gss./m!.

5. Tlhat factors could affect your answer?

.,t a . a a a , a a a a . a -

5, PREPARÏNG AND SEPARÄTING Á PFNCTPTTATE.
@ A precipitate is a finetr-y Qivided solid

Ïæçreõ-Tv-siiemiõaI aõtion in solution-. this Ís a
practice in laboratory techniques;refer closely to
the sheets on laboratory TechnÍques ' The fo}lowÍng
'steps are taken by the analyst when he wishes t'o
determine the concentratÍon of sulphuric acid in a sample.

TT{Tì DEN
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6. lífhat kind of f lame is sooty?..... o....,.... o r... o.

7. Wlrigh kind of flane ls a red*cing flame,and why?

Acijust to a ge ntle bluå';il;:'iil;;;';';;i;;;;
or piece of heavy eardboard across the base of the
flame and re¡nove-before it catches fire.(If it catches
fire drop it into the sink) . Note whether there i s more
scorching at the edge than at the centre. Repeat,ho1d.-
ing the splÍnter higher in the flame.
8. \rfhich is the hottest part of a flame ,

lhe tip or the base?. . . o .

The insid.e or the edge ?..,. r... .........,... r

)r - ..-a:":_r.:]_1

2.DE ldc TH]'; DENSITY Otr' \IIIATER
ããõ"Mãffi,smatl beake r(oo-tsonr. )

ProcedqXe: trVeigh a clean and perfectly dry smaII beaker
ä.s ac".cnrately aé your balances permit.-Meaäure into it
15 mI. (pipett,e) of water and weieh áeain.

1. trüeight of water and beaker ...... gÍLs.

2. Weight of empt¡r dry beaker. ..... gms.

3. Volt.¡me of water ( us measured) ...... nls.
4, Ðensity of water (Vfeight + volume)... gns./ml-.

5. TJrhai factors could, affect your answer?

. . . . a . a ... . ! . r . . . . . . | . . . a .. . . . a I o r | . . . ò

3. PREPAR]NG AND SEPAzuTING ,1 PRNCIPTT},TE.
ivÍded solid

ffiffi-Ty-c'hemiõaI aõtion in solution". 'Ihis Ís a
practice in Laboratory techniques;refer closely to
the sheets on laboratory Techniques. The following
steps are taken by the analyst when he wishes to
determine the concentratÍon of sulphuric acid in a srople.

t,..
t.'.
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1 . lVe ight of di sh cnd pre c i ¡;i ta. te ' . .

2,

3.

4.

6.

7.

t¡Teieht of dish alon€.q. .....! Á..r.
(tf-you have not the ureight already,
émpty and cleen the dish,rvarm Ít to make
su-re" it is d"y, cool it,ana weigh. )

Vüeight of ¡lrecipitate r... '. ¿......

Percent of sulphate radical in the ppte.,,,
(Obtain the ¡¡tomig weights and work this
from the f orrrula),

lÏeight of sulphate radical- ín your PPtê.,,

Srom the formula of sulphuric acid' cal,-culate
the weight of sulphuric acid thal would
contaÍrn l gram of sulphate radi;al'..... ".
Knowing the weíght of sulphate rad.íca} in
your pÍecipitate ,and th-e rrve ighi ^of sulphuric
ácid tnat wou.icr contain i gm. ¡f sulphate
ra d.i ca 1 , ca l cu la t e the iirc ight of su.lphur i c
acid, that mus'u have yi:viclei the sulphate of
your precipitate.....

Knowing that you used l-0 m,r of Fcil g-ample'
cafculãte the- percentage s:rength kf the
;;piã: ( i .; ; 

-vä 
i sht or"a c íâ in-100 mI. sample )

gmS r

gms.

8ms:

7,

gms

gns

gms.

8.

/"

i -r' ..'
f_r_ .. '..:
f -'ì-.:.-
i"'

i:. ..



SUJJPilLIR : -Hrepara t i on of i ts å llot ropes .
Chemical properties.

Discussjon: Sulphur, like oxygen, carbon, phosphorus,and
other elea-.nts,can exist Ín several ciifferent f orms (ln
the same state ) called allotropes. These allotropes differ
in the physical propertÍes and in the energy they contain.
They are different arrangements of the same atonê.

Pre ratÍon of the allotro s of sul
s (use o ones) rfunnel,r paper, þeaKer, ered sulBhurrcarbon disulphide,

wa t ch - gla ss,ma gn i f ying glass.
Pr'o¡edure:
@ (bet-ow 96.6oc)

*@be place as much powdered sulph.ur
wíll rest on the end of a'small knife blade. Pour on
roughly one-third test tube of carbon disulphide and
shake welI. CAUTTON: CARBONDISULPHIXE IS INX'LÆ0ûABIE Al{D
POIS0NOUS. KEEP I1 AVúAY tr'ROM 5'LAT;IES. X'ilter through dry
filter paper into a watch glass. f,ay a piece of, pãpeF
over the watch glass and set it aside to evaporateraway
from flames. -t¡fhen evaporation is comBlete observe the
crystals (under r nagäifying glass ii they are very srcaIt. )In the space provided roake a diagram of the crystals and
state their colouro

$onocLinic Su1ph¡rr ( above 96.6oC)
FiIl a dry test tube half full of powclered sulphur,

Have a dry filter paBer folded ready, Melt the sulphur
very slowly. Iruring thc melting the tube should be about
3 inches above the tip of a gentle flame and Ínclined at
about 45o. Rotate the-tube añd shake constantly until the
meltÍng is complete. During the heating the s.rlphur should
be of the consi.stency of water and shoulci re&ain of an
amber colour. lvhen it is nelted,pour the contents of the.
tube into the folded filter paper held by its edge (or
placeo ary inside the filter funnel).Vfatch the sulphur as
it cools. As soon as crystals form on the surface,from the
edge towards the centre of the sulphur,pour the still
unmelted portio.n intc a beaker of õold'water(to be discarded).
Unfold the paper inmedíately and stady the crystalline
forms with a magnifying g1ass. In the space provided make
a diagram of the crystals and state their colour.

as
it
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of sulphur in a

Col-our!........q.
Consistency. .. r. r.
spoon otr on

Si

Colour:

arnountthe-base of a- ring *t,än¿l-

3. Sormula of, the gês"
usÍng rhe sæ.e resr !u.be "* ¡ãiå";;;;i;.;;å.;;;ü..tp a boil about one-t¡rircl tesi iù¡"-ãi-Ëurphur. Ðrop stripsg-f copper turnilgr_oi ãã¡pur roii inù; iþu boiring êurphur.rn'e coplier shoulci turn t*ä-irot ã" ;;-;riilu"*iiä"irrã*"ülpnur.

4, Equation.. o.. .. ...... t. .......... ó5. fs this an example cf combustjon? . .. ..,.. . .

1. Cotour of the ãrã*ã
aaaa.

2, Odour of the gas

6. llltryZ

a t a a a a a., a a a +a, a a a

7. Sulphur is 1ike what other element chemically?........
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Name .. r..... .. . ... . . . .Cf,ass .Date .. .....
SULPIfJR DIOXïDE : Laboratory Pre¡nr'ation

_ Properties _
Discussion: This gas is used in refrigerationrpr€servÍng
food.rfumigatingrbJeaching straws and paperrand in the
manufacture of sulphuríc acld. tjoruiercially i' t is prepared
by burning sulphur or sulphide or€s. In the laborator'y it
is made either by the action of a di'lute acid on a
sulphite salt or by the action of concentrated sulphuric
acid on copper.

fa ) T,aboratory Preparation

-

ABBatatus and @le¡ie-]s. rhe gas cloes not act on rubber.
ffi eor¿rnon ¡tpparatus ¡tssepblies.and çhoosçthe öorrect generator.The gãS is v€ry soluþ-L€ ln water ¿rn

is heavier 'tñan air. Since the odour of it is ohoking
take care to collect it so that little escapes.Chocse
the collecting assembly to connect to your generator that
will serve to trap escaping gasês.

P¡pleduXg-qi Set .rp the apparat'us you have founc necessâx$'
B'ffiffit you have thiee or f our dry coll-ecting bottles
and cover gkËs€s, As each will be filled you will c_over
it wíth a cover glass and set it asioe fr::i testingi Now
place about half a test tube of sodium sulphÍte.int9
the flask,ano add about half a test tube of wa$er to
cOver the bottom of the.thistl-e tube. .áod conce.l trated
äCl through the thietle tube when reaoy to collect. If
the reaction is slow,heat gently. Pass the gas through
each collecting bottle for several minutes in oroer that
you can assume it to be fillecl with sulphur dioxioe.

b) TestinE the roperties of sul urd de

ria l-s I Large beaker of water, blue Iitmus
gra8s,nate solutionrblaoe of green

sptinter,hyorogen peroxide,barium chloricie solution,

Procedure: Upend on€ of your samples in the large beaker
ãTffir,el stanci,shakÍng at iñtervaIs. Af ter a while
test the solution with blue ritmus paper.

l.Is the gas very soluhle ?.......... t.2'Is this a chemical

or a physical change?,.....11..:.::.5.Equation. ...r. ......

4.Name of the acid produced... ¡. ..... ..,...........
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5.Can sufphur oioxide be caii-l€d an anhydride?..... .,., ..
6.Why?....,......'... ................

Into a second sa¡npJe pour some $reak pot.per,ruêngandte
solution. Describe the col_our change.

a a l a a a a aa a a q a a a a a a.. ¡ a a a a . a a a a.. a a a a a a. a a a a a o a a a a a a

Sulphur dioxide or sulphurous acid bleach byreduction,i.ê.^þ{ remcving oxygen from the dye to-renderit colourless.-his is in contrást to the bIeáching acticnof chlorine or' hydrogen peïoxi-de , whi ch blea ch by õxidati on.Try the_bleacling acticn further by placing a näist'green blade of gfass in another ¡ottre atoñg with a moistpiece.of pRper w.ith Ínk-v¿riting on it. let ãüan¿ fòra period. ¿¡escribe any change.
v,
51. ¿. a a a... a ¡. a. a. a a a a a. a . a a.. a e. a... a aInto a third sample ùhrust a burning splinter
8.Does-surphur ciicrxide burn",.9.support combustion? .....To your fourth sarlple of sulphur ãioxiide add. a bitc¡f water and shake. -

l0.ìJlhat is'formed?..... .. õ ô eo 6.....T"' this add about athÍrd-test-tube of hydrogen peroxide soiution and shak".
ll.Wlrat happens?.,,.....,...1p.3quatiofr....... ......
'' 

-'''ñ;;';;á';';;;',i;;;; ";i"b;;;"å';hi;;;å;';;i;;;;;. . .

Td " fe_w drops of hycrrõchLoric acicl, -trris ís a test forthe sulphate ion,
12.ìÃIhat co you notice?

Name
Ò.......... ........... " " r.,Bååsg......Ðate

cnpropertiçg

I

I

Pi?guspioçi. surphur'ic acict is. the most important conmercÍa1aclcl. _BesÍde s be ing a strcng acid. rwhen coñcentra ted i t isa1¡9 a powerful dehycirating ano oiioi zjnng agent. Tt hasa high boiling point. lVianJ',reic¡s are ra¿õ t! freating'
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their salts with ccncentrated sulphurÍc acid. \Then such
reactions are heated the acid to be pretrnred is bciled
offrbut the sulphuric acid. is not. Sulphuric acid gelerates
a-áí'õÀt ¿ãaI of heat when mÍxed-willt-*qlg-f" qlulÏq{-i*loNc'
sUipnunr c ACID IS \rgRY H,¿,RMFUL T0 TIIE SKIN 0R C[, oTHING.
WAIER MUST NE\MR BE POIIRIÌD INTO CONCEN TR,-ITED SUTPHURIC
ÀCi¡;r¡ THE ACID ITUST BiI DILUTED PoIIR t:HE ACID SlolvLY
TNTO TTIE VÙATER I¡VITH CONSTANT STIRRING.SOMC CATC MUSt A]'O C

be exercised when pouring the acid into wet contaíners;
clo this at arms leñgth. Remember that strong acids on skin
cr clothing should, 6e washea cff ,then treateci with sociÍu¡l
bicarbcnate eolution till the fLzzing stops. .

(e) Prenaration cf sulphuric acid.
PrePared e ither'- bY the

contact procesó or by the lead-chamber prccess. 'he
latter methoc'r wilf be demonstrateci here.
Apparatus ancl trfaterielsi Set up apparatus as f or making
ffi@ect the delivery tube with a
short length of rubber tubing to a calcir¡m chloride
drying tuõe clampecl horizontãffy to a ring e tand"The
other end of the drying tube is connected by rubber and
glass tubing to one hcle of a two-hole stopper that
fits into the neck of a very dry anc clean half-liter
flask-Study ycur sheets on Common Apparatus -Assemblies"
You wfll also need sodium sulphite an<l ccnc.. hydrcchloric
acÍd (to nake the sulphur ciiciide),anc oonc. nltric a.cic,
(preferably some that is yellowÍsh or redcish ín colour).

Frooedure: Into the very dry half-liter flask drop not
&ore than two or three drops of the conc. nitric acid.
Start your eulphur dioxid.e- generator (see yriur e xperimeÉt
Qn preparing sulphur airrxide),and pass into the flask a
slow stream cf sulphur dioxiCe. At f irst reciciish-brown
oxides of nÍtrogen are seen, Since there is some water
in the nitric acid. the folJ-owing reaction is cccurring:

HeO * 2SOg * 2HN0g : 2H2SO4 * NgOg

Now pass in just enough sulphur c¡ioxide to make the
reddish bror¡rn cr¡lour disappear. If the flask is ory enough
a frostwork of white crJ¡stals forms cvc.r its inside walls.
These .?re the I'chamber crystalsrr of nitrosyl sulphuric æ
acid. -he following reaction has taken place:

Hgo * 2S0g * E2Og * oe = 2 fl(No)So4
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In the corumercial process these crystals do nct appear,
as there io encugh steam to change them into sulphuric
acid and again liberate the brown oxides of nitrogen.
Add a few drops of water to the flask ans shake. ïüatch
the crystals clisappear with the form¿rticn of heat and a
rê-occurrence r-lf the brown fuüees. Now ar;d about.50 rnl.
(gracluate) of water ancl test f or sulphuric acid, by adciing
a few drops of barir¡m chlcrj-ce soluti'..rn plus a few drops
of hydrochlpric aciri. If a whíte precipitate forms
sulphuri c a cic is inc Íca teci .

l.lühât is the purpose of the nitric acid?

aa Oa a l l a a a aa aa. a.. a a a a. a a a... a a a...

2.'vflaat is the f ormuLa ef the brown gas?,.............. ¡.

3. Is it a catalyst?....¡ 4.Tihy?.....
aaa ta a aa a a a a a a. a a a a a aa. a a a a l a a a a a a a a.. a a

4.IÍhat is the forreula fcr 'rchamber

5.Ðescribe a test fcr sulp]na1-e ions

aa aaa a a a at a a aaa t a a a a a a a a. o a t. a a a a. a a. a a a a a. a a a

Éb) Properties of sulphuric acii..
ål¡p?ratuP. an$.]úateTi?ls : Evaporerting cish, test tubes,

, sugar, cûpper turnings ¡ coÍìc.
sulnhurÍc acid.
Pro-cedure: Put about

--:-=_

into the evaportaing
conc. sulphuric acid.

hatf a teaspoon cf sugar (sucrose)
cish and moÍsten it thoroughly with
Observe it for s€veräL minutes.

1.ÏÙhat changes are observec'.?., ..
2.Since sugar consists c¡f C,H,and. O,what uces the residue

consist of?., . ... ... .. .

S.lVhat has been the actÍon of the acid?

, a. a r.. a a a a a a a õ ô.a a a a l.. a Ja a a..

To half a test tube ,¡f water acrc conc. sulphuric
acid slowly in small amounts,wÍth const¿.nt shaking or
stirring. X'eel the sides of the tube.

4. llhat is observecl?
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Place a small ball cf copper turnings
two test tubes. 1o one add half an inch of
sulphuric acid.

in each
di lute

cf

'''' "i;';il';¿h;;'#;;' i;il';åå'r';ü';;' i;ä';i';;;;:''sulphuric ecid and heat. Cautiously sniff the evclving
gas. After a minute of heating,flrrsh the acid dovrn the
sinkrwash the copper turnings,anC examíne them"

7. \t-hat gas is evolved? ..e.............................
L How has the colour cf the ccpper changed?. . ,.. . .. .. . r

9. IThy is this?.......r....,.. ..............,
10.Equati on,

11.[[¡¿t has been the action of the sulphuric aciC?....

Ða te

Preparati r-.rn

Properties

Discussicn: Comnerciallv ammonia is nrepared bv the
ffiss or by the ðestructive distilfatioä ,¡f coal.
Ln the laboratory it is preparei by heating any ammonium
(ruHo) sa.1t with äny ¡asel ;r-double'replacmõnt ôccurs yield-
ing-ånmoniu¡e hydrokùoe;this Ís quite unstable and breäks
dcwn to form ammonia and water. A water solution cf it,
called aqua amuionia cr anncnia watçr, ccntai:ns NH= mcleci ule
H2O moleCules, NH¿OJ{ mol-ecu1cs,NH4lions rand OH-ioñs. Such
a soJ.tltton ls a weaK þase.

( a ) Pre'para ti on

Á]/[MONI¿,

I'rom the fo¡mula for arnmonia gas cafculate the weÍght
of 22.4 liters. ,he weight of ?2.4 liters at S.T.P. of dir
is 29 gms. apprûximately, The weight of amrncnia is more

cr less than water. . .... ... . ... ... The gas is scluble im

ev,
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watcr. You will neke it by heating toge;ther s.oLici ar¡muniumchloride and áruao$ sulict calcium hyoioxide.One uf theproducts wi]l be water.Determine fróm this anci the Commcn
Apparatus Assemblies the equipment you wil_] use.

ltEquation. ... ... . ... ¡ . . , . . ... ...... . . ....û
tr'rcmthe equ.ati..¡n calculate the weights of ¿mrr3¡i1¡.m

chloride ancl calciup hy,Jroxice needed tc make ab.¡ut twoliters cf emr¿onia. rhe we ights are

2.Ammonium chlorioe. . . . . . . .,.gurs. 3.Calcium hytiroxid€. ... . .glns.
_ t¡'veigh cut apprcximqtely on the rough balance,and

pl-ace _in the pyrex test tube cf ycur apparetus.årrange
the delivery tube with a short rubber join so that it-can
be directed up or d.own. vihen not correcting gas have the
end cf the de_livery tube just touching the-surface cf wrterin a beaker.Heat gently and collect fóur samples.

õ.Cr-¡}oUf ........ ,..,. . ,. . . ..OdrcUf .....
(Ilote :Âmmonium chloricie furoes sometimes contaminate
the se.mple and may affect its colr-,ur.)\ffiile awaiting testing and during testing the samples

, 1nust be kept ncuth downward. -.LIhy?..... .............
(b, Testing the PropertÍes of affiiunia.

4tlp,aratug anú lViaterials: Yr.¡ur gas Ëamþles , splinter,large
beaker with waterrlltmus paper,ûcnc. HC1.

Prtceciure: Lcwer an inverted buttLe of amr¡¡cnia intc the
beaker r:f water anü rerocve cJver glass. thake gently ano
let stand for a while. Slip cover glass over the urouth of
the brttlerremove bcttle ancl contents,and test the
contents wíth litmus peper.

l.ïs the gas very soluble?

2.Is this a ehemicall- cr physical change?..,........,....
õ.Equation..,.. ..... ...,. r...,
4.ïs the soluticn acicic or basic?...............,.....

lnto a secincl sample,keeping the mouth rtr the bcttle
d ownwarcl , insert a burnÍng splinter .

5.Ðoes the gas burn?.. r.,.. r...6.Support combusticn?....,..
Place a few Crops of conc, HCl into an empty ciry

bottLe.Roll the bcttle unti I the i insicie is coverec with
the acid. Cover it with a cover glass anci tur'n it upside
down irpon a coverL=d sample cf arnmonia. Reûl.¡ve both plates
at once anc: keep the mouths of the bcttles together.
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7. üIhat dc you notice? r.....,: r:.,..
S.Equation . c... (underl-ine procluct)

9.-Tn which bctble shoul-cÌ there be the nr,st visible
change?. " ".

la( Cons:ldel Grahaml s I.aw of Diffusion cf Gases.

Name Class.. " ".. .Date... .....
NÏT.RÏ C ACÏÐ: ?repare ií cn

P:loper:"-:Ìi es
Test for i\litrates
O:cida t i ,:n.-R.e cl uc t i cn .

DiscusjlitrìIli jìci.as cln'Laín h.;;rlrcgen r¡vliich may be replaced.
ffie cxligen arr j.ds,hcur'\"öï,wlIl- üncler the präper coñditions
libcra tc the i:: cx-vgon i¡r'¡.h.el.' tha:r'i;he ir hydr ogen. Then
they ¡¡¿rr þe saio i-.o b€; ,-r:{ioiztng agent "Su-ch substanees
are at tj-nes a c:irìs,.i-l i:i.rilt;s o?-tÍl ízing agents (particr.ilarly
if there; Ís p,:le; s€rrr:! & r'c Ct:ci.ng ugen'b th¿'¡t tak es on cxygen\-readily) " ilj.iri,r; ac,',ct :.s sucli an acj.d" It has a Low
bciling .toinù. Ii; I-'.Ì.ìil'ls.; rvitn rubbe r. It is unstable ,
on heEilng broakJ-r.g d-c,,¡n 'rc f orr:l the þrcr¡¡n gas nitrogen
rl i o-lii c""e,' ./\

( aL Jr-gpe.T ai;gii itJ;;f .,:¿+:L"c-- A çi-fu ,*--
$-gpar"?_il¿È_-e,;-Ç1-jig_!.ei jj¡ls*:, Se e r"hee Ès cn Comrnon A pparatus
Assenroliùs,r'ei'ri€nbe:i'i:r¿. thil-:. nitric acicl' ents on rubber.
Rougl: b'a"-ence, €t:r'-'ac uate, furrne 1-, g1-ass ::oi . socium nitrate,
( cr KNC,'5i, conc " su-11rhr-i-r:j-e acicL.
Progedur:re: Se t up the appera'L,us as planneC, Bef or.e clamp=
îng-ms.-"-lè'r,rrt l?;l into-by neans cf a paper funnel abcul
15 g:ms " (.r:r:uglt. baiance ) . of sr)Giu.Ër ni'u::at.e " Run in l-2 nrl.
approxi;ruite1¡r(g::adu-ate ) cf cûnc.. su.Ipiruric acict,using a
funnc1,, .ln bo'ih caÍtírs r.¿ e i:h.at t,he mate rj-els d'l not enter
t-,he s"id.; arrn r'¡f j;l¡.e 

=+iort " C,icnplete assem.'.rly of your
apparei:',2.i ût plannecL" i:,eat geii'i;Iy icy passing the f,la&e
back ailci fcri;h. ut:cÌe:: ihe sandirat]:."1f. the fumes become
recìctisii, s:l.oir/ :'/cuï h';a;*.:Lng "i;'r1r.un you have, at Least an inch
cf nitrrc aciil in ylurr i:ecr,.ivi-r:g test tube rem,lvi,- f lame
anC 1rct cco-r-, iliihen <tt:Cf-. 1.",s 'uhe þancirf íist pOur any remaÍrn-
Íng acj.d -î::,;3r 

"!i.: 
:ltr.:-i. in;o the sÍnk,l.:eepingi the water

tap ::unning nea:'ruliil-e " Their cautirusJ-y run water into the
re tort ev,3Tn ,J\¡ri.::r .ì f 1,.¿l¡-.:ç 'b c ai s,s olve c;nients , and f lush
clown ihe s:ir:lc" C.4uï'lOIii:¡C-fii NI:iRiC .¿iCIl .,:ND SUtPIruRIC ACID
AR:ìl V--ilY C0ltRCSTl,lE. i:tqN-lf"rì ïu-'-TI{ C;\Fü. 'tfIIT UP SPILIS
AT ONCE " ,lCïÐS OIî TîL'' SKïIT O!ì CLOTIIING SHOU]D 3Ti !T.j\SIGD
Of'F rlilTH \ri¡ÂTIiR.'ì]rrj!]T \,iTi'il SOUTI.i.,r RICAp,BOI[i¡Tf SOLUTI0N.

)



itrÍc acÍd..2

-l-L6-
l.What ís the colour of the lÍquid cotlected?..o..
2.Account for this colour....,.,.... ........
3pq+?tion f or the f ormation first of nitric oxide,thenof nitrogen dioxide

. . a t a a a a t a t a a I a a a a. a t a . a . . a I . a .

4.Equation for laboratory preparation of nitric acid....
a o a a a a a a a r... a.a. a. a. a

5.lilIhy is sulphuric acid used?..,., .......
......

6,IIIhy must the hearing be gentle?. . .. . .
T.fltlhat is the solid. lef t in the retort?,. r.. ,....

¡\(¡) sropetç+=q,s of Nit
Your sanrple of nitric acio, testtubes,pieces of zine and copper the size of a pea oi

sma JIer, porcela i1_dish, pipe-cIay triangle, ring stand,sawdust, dilute HCl,amrnonium hyároxidelProced\rrq:- Prace a pinch of sãwdust in a porcelain d. ish
gupported_by the pipe-c1ay triangle on a ring stand.Heat untir the sawdust smourders (from above if necessary).cautiously pour on a few drops of your sampre acid.
l.What happens?., . . ...
2.What property of nitric acid is exhibited?...
a a t aa. a a a a a aa a a a a.. aa a a a. a a t a a .,. a aa

õ.vtlh¿t do you concrude about the stabi iity of nitric a cici?

"¡.4.r..r.!.!f ..... .....
By_means of a glass rod carefully place on yourthumbnail a very small drop of the samþIe nÍtric acid.Allow it to remaÍn a few second,s,then iinse off .-Add a dropof amnonium hydroxide to the sane spot in the same mann€rr.r(epeat, esing conc.Hcl on another part of the thu¡rbnail.

4.Describe any eolour changes .... ¡

a a a a a a¡ a a a. a a a. a a aa. .. a,l r j ¡ r ¡

f^
i

l',
I'
I



titric acid-3

-:..¡++.-:,-.--
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this is a test for proteins that is frequentLy used..
Put a small piece of zinc in a test trrbe and pour

on it about one-quarter Ínch of your sample acid. Note if
the gas burns.
S.Vfhat gas would you expect when an acid acts on zinc?...
6.Explain your results

....aaaaaaa

Repeat the above with
T.Considering that copper is
chemical series explain the

a small piece of copper
below hydrogen in the electr'o-

reaction that occurs

. aó t a a. a.. , ar a... a..

S.Iihat ís the formula of the þrown gas? ...,...

ano frc. sulphuri c acid, f errous
,ânJ nitrate as a sample,test tubesrbeaker.

Procedure: Make about one-third test tube of a saturated
solution of ferrous sulphate "Adci to it a few cirops of
a strong solution of your nitrate sarlple.' In another
teçt lube poul about }ra.lf an inch of conc, sulphu.ric
acid.(C¡UffON). Coo] both solutions under the iup or in
a beaker of cold water..Hold the sulphuric acicr test tubein a beaker of cold waterras much at a slant as possíble
Carefully run down its ínner sice the ferrous sulpliate*
nitrate solution,avoiding stirring or mixing of the two
solutions. Keep it under cold. water for a f,ew minutes.

1.I[hat 1s observeo?
( ¿) Oxidation-Red.ucti on.

Remember that Loss of

Zno
l.Wha t

Electrons is lxidation = LEO

1 zul,Noã = .41#1É Ngã
has been oxidized,and

+Hå
why?

2.11ïhat has been reducec,and why?..;,. ì¡...,........

3.\lrhich is the oxidi zing agent?. . Â , .
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gas is
: l. o pr'ove t the vo oï' a given quantity o

inve rse Iy propor,ti onal to pressure, provided the
u
t

me
heture is ned

Discusçion:_ ii[henever two quantities are invcrselproportionalr- to each ,çther it can be shoJr¡nn that tËeirproduct ís constant. rhis exÐer iment wi I 1 nt.t.ewtt,t. rnis exper iment will attempt to
show that the volume of a given <¿uantity'of gas timesthe prriesure at which Ít exists i¡vill be-equai to anyothur volume of the sa¡ne gas tines whatever'iiu, Pressure

4pþargtps ap9 triiatqrialçi Hydrometer jar or other deep
Iessel, irurette,meter stîck, barometerl pÍpette, beaker.-Proceoure:

The given quantity of gas wirl be the air contairædin the burette when it is inverted over water in thehydrometer jar. The pressllre on it is nade to chanseby thrustine the burette ctown -into the water,so thãt the
Ëü?B rrå",+ 3 rË: 3 8fi,! e" ?r,'åõ çA I å i: irlu i ta: ii ; Ëüå1 

It 
i" ïÈgthe burette. In this -mãnäeir the voludre -or 

Ene glvenquantíty 9{ gas witt be nadg to change slightl}.tr'irst lo!-e tþ" position of tiie ctãnp än therubber nozzre of the burétte with ink,.ancl na[e sure thatit does not leak by thrusting the ¡uréiie dovr¡n in thewater and noting whether the-riquio lever inside remaj¡ns
cons tant.Ðo not shift the i:osi,tion of the clamp hereaf ter.Now neasure thg calgcity.oi the burette betweeñ the cr"npand the nearest c¿_líbr.ations by f i riing this 

"p"õã-*itr,water from a pipeÊte ; (¡e sure to let any water on theinside watl of the bur.ette drain d own ueioie 
"ãoin-e-*ãru. )i\ote the vclume derivered by tii".¡ípätiã.-urpty the buret e.set the hydrometer jar_into an empty pneumatictrough ani fÍrl it wi.th watei. rnvert the Ëuiettu,ãp""the clamp,and push the burette ci.own untit the insíoèwater level is"just at the zero mark of the burettece],ibrations.(Atways read 1evels from the ro,sàãt þrtof the ueniscus. )_ close the cramprano again nrake surcit does not leak.Ðo not touch it-irom he-re ofi.obtain the barometer reading,and the aqueous vapouïpressure for the room temp rature fiorr your ins-trùctor.carculate the vol_ume and pressure of thð gas *r-ru" ir.¿buret'te ie in such a position that the water lever bothinside and outside touch the zero mark of the calibrations.

Now thrust the burette as far down in the watera!.i_t will go. The water iråsid_e the burette witl he^ve risenslightry above the zero nark. leterrrine to the tenth ofq nl. how much it has risen by reading the caliurãtlonã.subtract this fqom the first iol-ume i; ord.er to obtainthe present,second vorume. MeaÊure the depth of the insid.e



t¡Ígter leveI beLow the ou rside. water level accurately inmrn¡To rdo ' this shif t the burette , insid.e the hydrometer. jar
!9, thg. sid.e,-and hord. irre 

-meter 
stick aròngside it but out-

:it?_!|9 nvargleler,iur. rhe 
-rorai 

-,o 
";;Ëã-ilii,-¡õ*irreÞarometer presÌure. (in n4. of ner",1iy) þi;; ;h;-b;ã*Juruof the depth of wa!dl, ¡ust measured,-lín'po,¡ of water. )Mgreurv'wõighs 13.6 tiäàã-as much as watä. õåräüiåiåyþ"t.-column, of_ mercuty wo,rrd. "iã"t-ut"-."*ã Ë;;;Ë;"*"the depth of the r,'¡atei- j""t ioeasure-cl.'doo þhÍs to,thç,barometer reading to obiai" irru-l;lãi sãconct pressure.

l-.Saroaeter pressure (in u¡r. of nercury) ,.....,.:.:.:...
2.Aqueous vapour pressure:... .

5. Vl-........,. o...6 "...
5.P1V1 .,,". ....ò ....:..".......
6. \12(:Vi'- rise of, water in buretre)
?.Ðepth òf insi¿e water .]_eve1 betow oútsid,e. . . . . : . . : .nn.
S.Equivalent of this in mercury..
lifrt-varQt=P1 * Water prescure

- :119 -

in terms of mercltry)..,....Imn.
\. ì r i-:.

Eçrcçn,t.
;.
Pl.v.{$gq ,

10.P21I2. . ,. .

(-¡

+

I ...

ii.,
i:"

ÇÍIof , ,(Ttie,, gif f grgFÇc,_ þefiu¡ççî,-lhç . pv.,,ç

by,. FtrV,1.. re.qFrt.utt]!iBliç4,þv. ]Qg), r,, i, i ! ! ?

j j:l .¡ r'..

. ., .t_ 1_, i_i. I ..

- pr9çLrç!ç. .

,,Çhg

j\

/i l'

!i i .,

: -¡ rÌ:: .ù. :
1".i" ìì . ?

ii'..r | ¡:: ¿

'i , 'i ..:t , "'



: Ihe rafes o uslon or gåses
s Inverse proportional to the sqilare roots of th*;ir

:.i;-r:.ì:,:àì:''--tii'-::*t.":,- :.:.:,:..:ir .'

densities'temperature remnining eonslant.,
DisdussÍon: In the case of gases the densities are

-

approxima r.ely equiva Ient to the ir molecular w e ights.
\Ârkren two quantities are Ínversely proportional,. their
products have a constant value. Thus,if rates of oiffusion
are d,D, for the two gases respectivgly,aT-$. their molecular
weiEhts are w,\'l¡.ruspr,'ctively,then dVw = Dv\ï ïf the Easeshavë moLeculai rfueights of 52-and 4 respectively,to fiñd
how manv tivreB as fast the first Eas diffuses as the se@ nd
find ô,/b,whi.rh equals ffi/rn = vÃ/lE - .õB times as fast.
AXgA¡1¿.lgg and Materials: Dry glass tube approxinurtely

incñ),ano 15-20 Inches lonþ;
metcr stickrabsorbent cotton, conc. HCI, con@ NII4OIÍ .
Procedure: lfhen HCI fumes anc. NHr fumes(froui tlie arnrr'onium
ftãfoxñ'Ð diffuse and meet,a whiie solid (surolc) run¡ls.

1'Equation'i;';;;;å' 
;h;;' ;;;il' å;';;;' ;;;;å' ;;;; ä;;' ;h"

two gascs at your desk.?lace one-qì-rartcr inch of tlæ HCl
ano the ammonium hyrlroxi de in separate stoptrnred test
tubes;do not open near each other,or the smoke will form.
Place the glass tube flat on the table; Make two cotton
plugs that will fit the ends of the tube.MoÍsten one with
conc. HClranù the other with conc¡ amrnonium hyaroxide,
Introduce the two plugs into thc ends of the glass tube
at the sa&e time.'uïatch the tube for the appcarance of
a white ring where the two gases meet after ciiff usion,
It¿leasure the dÍstance of this ring from either end,

E.

z

Distance oÍffused:

Caletlate Mo1.\trts. Hel NHg........10.

4. Calculate dVl for HCl...... ò....,f or NH"......
These two ¡rrod¿cts shot¡td be equali

S.Percentage error (Ðiff. betwecn products x 100)= .... . 7o

dVw for HCI
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R,ll"glËol: _^This nay- be d one as F gemonstra tion experiment.
One moJ.e (or gram_mole.cular weight) of a gas occupies22.4 liters at S.T.P, Ih¿ molecúlar weighl of the-gas is
expressed-by the sarnc number as the wei[rrt in the ñole.r¡oroer-to detcrnÍne trre-lõffiub, r vi¡ eight-of carbon di oxid.e :

].l""trnre and collect some dry gaË in a flask.
2,Obtain the weight of this gás.
5.Ûbtain the volume of this gu. by firring the same flaskwith water and weighing.(One $n. watex= one mI.)
4,Ðetermine what thiã voluure woulO be at S.T.p.5. calcurate what ?,2.4 riters of the gas rveigh at s.T.p,6.The n,-¡:rrber exprÉssing the weight in grams ls the MoÌ.i1¡t.

4pp?ratus F-nd n[qteTiaIg:Apparaitus f or generating andoryr.ng car bon dioxide, ( see cornrr,.rn Apparatus .Assenbiies:
make the carbon oioxicie by the actiõñ of HCr on u¡arblechips or chal,-k) ;thermonetur,barometer,balance ras largea thin-walled frask as will fit youi balance pans,twò-
holed stop¡.rer to fit,glass tuoinþ,ruboer ¡oints,cianips.for the r¿bber tubing.
Procedure: Equip tht -clean,dry frask with a tr¡vo-holecistopirer carrying gne tube that extencts very nearly tothe bottor¿ of thc flask,and a delivery tube- that d.óes
lot project below the stopper.(Seu Common ApparatusAsserubries:collcctÍng a nóiious gasithe tubiñg is arrangedas for the corlecting bottle in trris case.).AEtach a shõrtpiece of rubber tubing to each glass tube and put a screüt

,clamp on each rubber tube.Weigh the flask and its attachments.
The CO2 generator is next set up with itsdelive:iy tube attaõtred to a carcium chrorlde drying tube

clamped hor'izontarry to a second ring stanci. The oiher
end of the drying tube is attached by glass tubing tc¡
.th" rubber join óf the longer glass iuÍe in tho fLask.Soth clamps of the flask are opened,
. COz is noïv generated and the dry gas allowedto pass throügh the f-lask f, or at reast riie-ninutes.Thisis to assure that all the air hes been swept out of theflask. close the clnrpps,detach the flask from the cirying
tube,and wglgh flask and a.ttacl:¡rents,ngw^cclntaining COr.

Obtain the room terr,per. ture (Co) and the-
barometer pressure

Attach a funnel to tLtc longer glass tubing of
tho flask.upen both clanps and trrro"rlrr tñe funner flll
the flask completê.ly with watcr (ttiere rnust be no air
bubbles. ).lo Ñof uoi¡ TäE RUBBE'R STúpfT,R ¡:\T ;¡Ny TIt¿E.
Dry the outside of the flask.\feigh flask ano attackr:nents,
now filled with water.



MoI.lft. COg--P -L22-

l-.llt. of flask and aùr.
2.Wt. of f Iask and COZ... . r,
õ.lllt. of flask and water ...r.gns.
4.Temperature..... ..,... : . r.
SrPressure (¡arometer reading)....,.
Ca lculations:

nO.......L,

... r.lÏlln, Hg.

t'r+e approximate vol_une of your flask rssta¡nped on it; subtract L.z9 gms .iòr-eaãn riterof a ir conta ined. )e'Tú': ."{ water,and therefore volume of flask........rrL.(öubtract wt. of fLask alone,from wt.of
_ _ flask* water. )S.Calculate volumè of flask(or of COg) at S.T.p.

..........

4.lTt. of CO2 (SuOtract irit. cf ftask
from \Tt. of flask*CO2)..,...,o. ....,.. r.. Ò... ¡...,gu1s.You now know the.-weight and the volume of agiven quantity of caibon dioxide.

õ.Ca1cu1ate weight of ZZ.4 L(ZZ,4O0 ml.)of carbon dioxide at S.T.p...:.,
6.Experimenta t1y determined nolecula r weight.. The correct molecular vueight of CAZis 44.
T.Percentage error (Diff , between lvigl.\Tt. f ound anct 44 xr00)

44

8.Can you sugdest ¿ìny sources of error?
a.aaa.a.....aaaa.aaaaaaa.a.a..aa.r.t.r.t.

a a r a... t. a a,..a a.a r a a a,i a a. a ¡ a



DisclrssÍon; A foltllrtulr is a recipe of a molecule in termsof atoms. thusrif we know that a-molecuLe of steam Contains
two a toms of hyarogen,and one atom of oxygen we can writethe formura(or-recipe) or its morecule aá-Hoo. rn ourlaboratory we cannot find the number of atofis of eachelement in a compound d.Írectly.rt is comparatively easy
however to get._the percentage iompositioñ uy weigirt of
!h* compou!¡d: This tell-s us the wétght of eách elementfor every 100 gms. of compound,but ñot the number of atoms,
tr'rom this ïue can deduce the ratio be twsen the atoms ofthe elements involved..I'or 6;ç¿mpl€ , sr¡ppose the elementsX and Y form thc coTpound Xy sõ thnt-there is ïOf, of
each in the compound. }oes this m€an that there will bethe s ame number of atoms of x as of y in the niorecule?
No,because ít niíght h..ppen th¿t the atoms of x each weightwice as much as the atoms of y. thenrin order to haveequar weights of the two erements we wourd need onirt
lprr^as many aüons of x as of y. vÍe couLd say then lrratthe formula is J(Y2,but it wourd. need ro be réuremberecithat the co*ecD f ormula mig¡rt be XlOypO,or X¿gy4o,€tc,lflrat we have d.etermined is Ene srmprest r ormuJ-a onry.This is what will be attempred, in t¡ri.s experisrcnt, -

4ppara!us, ano MFteriaIs; Sr¡alI crucible, bãlance, claytriangJ.ertongs,burner,ring s tanCrmossy or sheet tin,conc. nitric acÍd

_123_

. . . . Clas s . . . . . . . . .Ða te . . . . . . . .

?f ocgdulei ffeigh -a clean crucible accurately.place init about 2 gms. of tin and, weigh again. pracä the crucible
gn a pipg clay triangle on the ringstand. Add nitric acid
p"op by drop until no nore brown fumes come off.you may
have to break up small particles with a stirring rod.Móv,rh.?!.:gently at first to avoid spattering,then sfronglyuntil no more brown fumes appeai. rhe tln nitrate fõrinedat first has broken down into'tin oÉde,nitríc oxide gas,
and steam. ¿l}ow the crucible to cool,then weigh.catcütaúethe_weight of oxygen that has combineo with thc: tin,thenf¡nd the percent of each element in the compou,no.r'rom
these data ca Iculate the sirnplest f otuul_a. l

1.i,1¡t' of crucibôe * tin.....,.,......, ........gütsr
2.\¡ít. of empty crucíble .... ... e.,....... ..$ll$.

5.ÌVt, of tin a lone

4,Tùt. of crucible * tin oxide ..., ...,..r.gms.
5.ríÍ!. cf oxygen that combined with the tin.. ......Alrrs.

(Subtract item I above from ite¡n 4)
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6.hÍt. of tin oxide .. r.. ,.............gms.

T.Percent of tin in the oxide

S.Percent of oxygen in the oxide. ., , .
9.Ðivide the percents by the atomÍc we ights of each element

to get the relative nunber of atoms:

(u) Percent of tin in oxidei + 119,,.,.
(¡) Percent of oxygen ínoxide + 16..,.....,..

r0-simplest whole. nunrber rat io of the above (aivioe both
by tne smaller):

r.,....atoms of tin f or ever.y. ..atoms of oxfgenr

lI.j'ormula of tin oxide .. r.r........ r r, r., .....t.....

]2.why. cannot vüe use the weights directly as subscriptsto write the formula?

13. \lrhy
¡ a . a a a a . a . a ....a a a a. I . a, a a .,. a a a a a a.a l,a a , a a a

did rrvÊ dívíde percents by atomÍc weights?

..at.aaaa.ra.aaa.aaaa.a¡a. l..qtraaaaaa..aa.

14.vfhy do our results not give exact rvhole-number raticls?
..ir.t.r.¡i¡io¡....r .¡.....a..........rÇ.
15.Is our formula necessarily the correct one? W¡y?

. a a i a i ¡ r r i.... ¡ a. r. t. a. a.. .. r a..,.,. ... a.,.. a a a a r..

. a. a t . a r r. ¡.... a t.1. .'a a. a. ? | !..... aa.... a

l6.rn oroer to rnake sure that our formula was the correctone,not merely the simprest,what further information
would we need?

. a.r . a a a a, a'a a . .. . a. a a ?. t a . r.. ... a ... a a a. a a r a.. . a. l a a a.o. a . . .



crcnt sec I OnÊ
SO],UT]ONS tr'a ctors

Hydra ted
affecting solution
and anhydrous saLts

TrÍ11 neeo to
in different

be oone
periods.

Tvpes of aqueous solutions.
Ðiscussion: A solutfron is a homogeneous mixture of two
substances,the on€ in excess beinE callcd the solvent andthe other the soluìte. The sol¿birity of a substance is
measured by the weirght of it that wilt uissolve in agiven weight(usually 100 gms.) of water or other. solvent*True solution is a physicãt change,but we also speak of
zínc dissolving ín surphuric acio when it disappèars due
to ohemical change;this Ís not truc solution. Even when
a solute no longer atr)pe¿:rs to be dissolving, the ci:emist
assurnes that it is stirr dissolving but thãt this is just
matched by the rate of dissolved naterial settling bãck
on to it. Even in true solutions thcre rnay be a mÀIo
chemical a ction in whích some watcr attaches itself to
solute molecul-es to form hyorated salts.. Such an action
is accompanied by heat called. the Heat of Hyciration.

(s tr'a ctor affe ctin solutíon:
/l'0paratus and Materials: Ring stend and ring,wire gauze ,
burner, beaker, test tubes , thermometer, balance ,mor tar andpestle,sodium chloride;, iron filings,pot.nitrate,pot,
dichromate, iodine ralcohol, chlorof o.rm.
Procedure: Tc separate each half fult cf water add
apprrc;ffiTely equä1 amounts (one-quarter inch in bottom
of test tube) of the following fÍnely divided materials¡
shake,and note which dissolve an o vyhich oo riot.

l.what factor affects solubility inthÍs case?. . .. . .

a a ¡ . a a a . a a . . . . a .-a. . . . a

Add 2 or 3 cryetals of iodine to three test tubes
each containing about an inch of alcohol,chloroform,and
water respectively. Shake ancr note signs of di.ssolving.

2.Vfhat factor affects the solubirity inthis. case?...,...

Éielect two lumps of pot" oichromate d about equal
size. Grino one to a fine powder in the mortar ano pestle.
Place both intest tubes nearly faLl of water.Shake each
f or the saûte length of t irre and l-et stand'f or the s a&e
length of time.Observe which has díssolved. the.uost.

S.Iithat factor affects the solubility in this case?......
tt"'"""
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Grind to a powder a snal-] amotint of pot.oichromate
in a mortar andpestle. Place equal amounts (aþout hal.f
an inch) i_n sepárate test tubes each about two-thirds fult
of water. ivtake sure that all conditions in the two cases
are alike,except that the one test tube is shaken
vigor'ously.Observe whi ch has dissolved the most,

4.ï(hat factor affects solubifity in this case?...

rveigh out roughly rz ö;: t;i'ii;';;å;;';;i;;iå;''
and divide it into four piles of approximately 3 gms.
each. Pour 25 rnJ-. (graduate ) of r,vatsr into a test tute.
1o this water aclo one pile of scicium chroríde at a tirne
rylth vigorous shaking,making sur€ that eacli pile has
disappeareo bef ore another is adclt, d.IThen no ulore ciissolves
the soiùution is seturated. You may not n.¡eci to use all_
!4u piles. Repéet Ín another têst tube,usi.ng roughly
60 gms..-.of pot. nitrate oiviqeo into four' pit"s óf 1S gms.
each. \iilatcr teurperature shou'cI be tkre samc in each case
and should be deterri:inect. by therrcomete r.
5. triI¿¡ut temperature

Cq.lcu1ate the solubility of each salt in
100 nI. of water.tr'ron-i solubílity tables in thetext determine what the solubirities should be. Now prace

the test tubes with theÍr saturated solutions in a bãakerof water and bring it to a boit. continue to add portionsof each solute as before untit each sol.ution is aþainsat';rated at tþe bglling point. AgaÍn compare witñ tnedata of the sclubility Tables,
S od.ium chlor ioe pp-!_.ttj-!¡g-!e

?...r ¡...

a . a-. a.t.a . a.a

a .,t a a a I a a a a

]-}.How does teniperâture effect the solubilÍty ..ò..
12.Dc¡es temperature aff ect solubi tity d diff erent salts
in the same way? r.... .......... ...... ¡. ¡...

15.Ðefine a saturateo solutíon...

6.Solubitity at. . . ..Co

7.S.olubility at thc above
temperature,fron tables. .

8.So1ubrlíty at 100oC

9.Sol-ubility at the above
temp rature,from tables

aoa.aao.,aa..aaa.ta..a.aaa.,aa.t.aa_ta¡aa,a.a



'Iuti ons -õ

-L27-
I,et both solutions cool under the tap.

l3.\,Thich solute is more soluble at room temper ture?.".....r..
14,Vühet kind of solution have you af ter cooling? .........

a ted anC anhvdrous sal' ts .

on: Some sa lts have attached to their mol-ec¿l€s
severamõIecu1es of waûer. They are @arled hydrated saIts,
and the weter is called water of crystallization since
without it theirr crystals crumbl-e to a powder. Many
hydrated salts cling to their water of crystallization
firraly,but others lose it slowly even at normal conditions.
Appare^tus ano Materials:rfatch elasses. por'celain d ish.

,rnortai an d pe3tle,washing sóda,
bluest one , sodium thi osulpha te , anhydro us ca lcium chloride .
Proçedqr€i 0n separate watch glasses expos€ to the air
@rwashÍñgsod.aNa2Co5'10H2o,b1uestoneCuSo4.5H20,
sodiun thiosulphate NaZSgOg.5H2O, Compare these at the
end of the period with similar samples set out the
day before.(rustnucTon. Nomj) .

l.Ïdhich sa lts become pcwdery at the surface?. .

2.IilÌr.y ?

õ.\¡lhat rs this phenomenon called?.., ..,..
Powder some bfuestone with a metar and pestle,

and heat it strongly in a porcelaind ish, Let cool,
observe,then add a few drops of water,

4. V"ûhat changes occur?

b,iiühy?

6.Is this eff lorescence?........ -l,Thy? ....... i.
Some. anhydrous salts will at næma1 conditions

take on moisture from the air to become visibty wet. Place
a piece of anhydrous calcium chloride in a watch glass
for the rest of the period and compare it with a sampleprevíously set out by the instructor. (TNSTRUCTCR NoTÉ ).
7.trVhat name is give n to this phenomenon?...¡........,....,
8.ThÍs happûns with any ver'y solubLe salt.Exi,lain why.

aa.aa..aaa
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es of o1

aIs: Test tube , sodiu.e thiosulphate, burner.
a clean dry test tube about one-quarter

fu]l of Ëodium thiosulphate crystals. Make sìrre that no
crystals cling to the inside waIls. Add not nore than
f ive drops of water. neat gently unt.il the thiosulphate
dissolves, At first the liquid wilI be whiteish,then it
will turn c1ear. Ilo not tre àt beyond this stage. Stoppe r
loosely with a piece of paper and cool under the tap.
Now add a snrall crystal cf thiosutlphate;observe chang€s,
and fee]- the s ide of the; te s t t ,ibe .

1. tirha t kÍnd of a s oluti on wa s thÍ s? . . ,

2.'r'/hat are propeîties of such a solution?....,.. ..,.....

å. uvr'J ;' ;i;å' ;i' ;;i;i i ;;' i ;' i ;' ;i;; ;' ;;;; i;LL;;;;; ;;' ii nå"i'u 
"z

.a.a.a.aa.aa..a..aa

4.Given saturated,unsa'burated,and supersaturated s olutions,
how coulc¿ you teIl them apart by a simple test?

a,aaaaaat...a.a..aeaaaaaaaa.....a

T}IE EFTS]CT Otr' CONCLEÌ{TR^T]ON ON BO]LING POI]flI OF SOT,UT]ONS

t.

.Discussion: One mole of a non-votatile non-electr'oIyte
in l-000 gms. of water, or any solution of türe se proportions ,vuill have a boiling point 0.52oC higher than that of pure
water at standard trressurrr . , One mole (gram Ë-¡lec,rlar weight )gf any subst:lnce conta ins a dgf inite number of par'ticles
(Avogadrors Numbex: 6.06 x J0óù rrolecules).Îhus the B.P
rise de¡nnds on the ni-rmber of particles,not on their
síze or weùEht . A mol-e of an ele ctrolvte wi 11 r epr'. sunt
the same nuñber of molecule s,but sincé these ior:i ze,it
wilt reprcsent a greater total number of partic'les (ions),
and will consequ.ently.he,ve a greater effect on the B.P.
Apparatus and MateriáIs: Thermometer (one-tenth degrce
pref e r'red ) , anhydr'ous ca lcium chlori de , sucrose , ring s tand
and clanps ,lar'ge pyrex test tube, balance , oma 11 pieces
of earthenware or capillary tubing.
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Procedure: If an ordinary theruometer is used estimate
the temtrnrature as accurately as you can to the nea¡est
quarter of a degree.Clamp the large test tr¡be in a vertical
position. Pc¡ur into it 20 ml. (graciuate) of water.Mark the
level of the water on the test tube either with ink or
a pÍece of tape;as water boils away keop aoding water
to keep it at this level.Hang a therrrometer by a loop of
wire from a clamp sc that the bulb is in the niddle of
the water and not touching the sides. 1o keep the water
from bumping while beÍng boiLed put ,in a few sma}I pieces
of porous earthenware or capillary t;bing. Very gently
boil the water. Note exactly the boiling poínt of water.

l.Boiling point of water ..,......¡...,. .....Co
i:leigh out aceurately 20 gms. cf calcÍum chloride.

Remove burncr and thermometer to add the 20 gms. to the
water in the test tube.Mark the new liq,rid level ,anc,maintain it by adding water if necessary. lleat gently
with shaking until the salt has dissol-ved. Sring to a
gentle boil and again note the exact boiling point.
2.3oiIing point of cal-cium chloride solution,..... r...Co

Empty and clean the test tube.Repeat,using this
tÍme 60 gms, of sucrose.

5.3oiling point of suerose solutlofi....
tr'rom the forrulae of the solutes

one mol-e is Ín e,.ch caseithen calculate
per liter (fOOO gns) water you have.

Ríse of F.P.tr'oundCalcium chloride
" 'CQ

. r . t . ' t . . . . . . . . Co
calculate what
how many moles

Moles per J-,iter

¡ a a a a ¡. a a a a a ) aa

Sucrose
4.Qalcu1ate how many å;;;;;;' ;il';;1i,,,* ;;i;i' ;å;;ii''
have risen for your sucrose solution(see Ðiscussion)......Co
S.similarly craculate what the rise in B.p. should have

been for carcium chloride solution if it behaved like
sucrose ¡¡¡r¡......Co
6.iÏhy is it different?.,..... t¡........o.....r
?.considering how each molecule ionizes,what shourcl be

the theoretical rise in B.P. for calciun chroride.'..'. e -.co8.If your experinental findings show less than this,how
couLd you account for this o,ther than by experimental error?

a a a a a a t a a a t a a a a a t a a a a a aa a a a a a, a aa a f a a a



IONIZATION: Conduct iv it.y in ãofüli.iñ
Strength of acíds.

Disçusçion:,some substances,called erectrorytes,in solution
conduct electricity,undergoing at the same tir¿e a chemical
change called electrolysís,It is believed that their
molecules in s<¡lution break up into charged ¡nrticlescalred ions.These obtain their char"ge by a transfer of
ele ctrons "

Cond uctivi- t in solution
Conduetivity appapatus- of. the
olagran, severa -L c.Lean þeaKeIs ,cistÍlled water,dilute solutions of :glycerin,ethyl

alcohol, sucrose,s;lphuríc acio,hyd.rochloric acid racetic
acid, çod ium hydro:rÍde, ar.ruronium hydroxi,. cie, sod ium ckrlor ide .
ProceoEle: Clean {:he tv¿c wir.es ci electrodes.After eachtest rinse them in v¡ater,Do not touch them whe apparatusis connecteo to the currrent source. Use
the sane depth of solu.tion for'aII test
Plaee your sample in +,he beakerr'olug in
the co nd u ct iv i'Ly :i ppâ fâ tus , tr rici st ¿ i t o
the beaker so thc-b the e i-e c'Lrodes are
imnersed in the sol-ution.lf t.t:e sol-r.ltíon
contiucts e le ctri cít'y í t l-eads cr;.r::e nt
across the gap he:|.';lce 4 i;h': elect;rodes,
the círcuit í s cornpJ-c'üecl , anC tl:e l¡uilb
lights up.if the sclu.tj-on j.s i:l .pocr
conductor, the bul-b rvj.lL. w.l.l-r nc'i glcv,i
as brightly. Record _vou.r ciai,a

Acetic acid
SodÍum hydroxide " "Armoniun hydroxide ara.ara.t

1.\Thelt classes of su.bstances" are el¿ cirol-ytes?. ", ¡,.....

2,\T¡¿ X

qc.r. Gr.âó .crcr ..r.1

evid ence did you notí ce of e-l,'e ctyolys is?

3.\Ïhat kind. of va-lence holos togcther el-ectrolyte molecules?

4.lilhat is meant by this ki-nd of yal-ence?

Dist. water
Glycerin
Ethy1 alcohol-
Sucrose
Sulphuric acid
HCl

.óè..ó.

.. a a. a a. a aa

aaaa.a

. a r a ô o c. a a, . a l a a a

ra..6..aaaa

..¡a¡t

a.a..t

9..pI

.aaaa¡al.at
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S.lÏihy are so¡ne electrol¡rtes poor conductors?... !. ! -.....

6.'vvha t
Stren

ions are fc.¡und in every acid?.....'o..Base?.'..!!?or

¡ As before,but use conc.HCI.
PioCêduie: Into a dry beaker.pgur some 6onc.HCl and test
ïTã-õnffi'tivi.ty as in part (å).rr your laboratory acid
is not very strong use glacial acetic acid. Now pour out
haL,f your sample,refilli.ng,with stirring, with water to
the former ]eveI. Again determíne the conductivity.

l.If your conc" acid was s trong enough not to contain

water,what woulo you have expected?

2.Why?¡.. ¡...... .. ¿. +.. o. c ê q... t r a !. r t r, ! ¡ tt.r
3,fn your expc::¡-,nt,rvhich }'*ci -;.e better cond¿ctivùty,

the concentrated or the di-]-ute solution?...,,... r... '..,Acid mol-e cule s bre ak uÞ int o i ons .In concentra ted
soLutions ihese ions a,re Ì1ea:l each cther,can rieet easily
ancl change back ini,o molecules^ l.n dÍlute solutions they
Rre farther apart and ar€ not so lilceJ-y to change back
into mol"ecules "
4."/ïhich of the soluiions woulcl .Ïrave 'che greater degree

of ionizati on?.,

5.V'fhat makes a strong acid,the molecule or the ion

concentration? o.eo'o!ðô. ..óoa

6,,Does a concentraied. acid mean j-t is a str'ong acid?.... +r.,.

7',trVhy?..¡.,.. ...e,

. . ç, à.. .. þ ? è . q. ¡ õ . ê c

.r.... l.r.aa.t,a.to.õoaÞç..o"t4...a..t.-a,....-...t.r1

th cf .¿-rcios.



D;þgg!gg;- An atou. behaves essentially like the molecule
of the elementrwhioh Ín turn has a}l 'the clraracteriÊtics
we attribute to the element. Thus thei'copper atorr is
the same colour as copper &etal.A solution of a compound
has no atomsronly mclecules and ions.These are in a statn
of ectruilibrium,eech cha;nging into the other. In concentrated
sol-utions the proxirr,ity of ions to each other rnakes them
combine readi Iy to f r-rrm molecules, so the se predomina te .
In dilute solutions the íons are scattered so far apart
that the i:n ccndition tends to prÈvail.Properties ôf
sol-utions are caused e ithur by nolecule s or by ions.
Apparatus and Materials: Test tubes,distilted water,
copper, sulphate , copper 

- 
chloride , coptrrer bromid.e , s odiun

sulphate,sodium chlorioe,sodium brõmioe rbunsen.
Procedure: Dissclve about one-quarter of an inch of each
õTt-Ïñ-ftest tube in the teas-t amount of water by heating,
Note cclours of the solutions. Now fitl each test tube
with distilled water and shake.Again note the colours.
S oluti on_

Copper sulphate

Copper chlor ide

Copper bromide

Sodium sulphate

Sodium chl,¡r'ide

Sodium bromide
rT1..[¡ conce ntre ted

2.In di lute s clut
solution the colour is

Jprrrs the cclour is due to r i c ¡ r..., . . . ,

to negative ions?

Colcur concm trat.;d Colour Dilute
0cr..

3.How o.o you kncw the colour is nct due

i..19.. a.....¡ '.....

4.ìlhat ions are com&.on to a il copÞer s¿t l-ts in d ilute
solution?. ..... .....i
S.lVhat is the colour cf the coppcr ion?. ......
6,How does it differ from the Cu atoni?.



Discussicn: Accurate measuremeni of the vclrumes of acid,
and base invorved in neutrarízatii¡n is called. titration.rt is accomplisheo,by msens r¡f burettes to an accuracy of
one drop or less " rh€ acid anci base solutions are rlrn
from burettes into a beake:: untii the exact point c.,fneu.tralization(the end.-poin',,) ie inoieaicd bv a colour
change iI, ai Índicator (litrnus , phenol-p.thaIe ín etc. )in tnebeaker. The ratio cf the vclumes ínvolved is determined.If the stre ngtÏ., cf onc were knov¡n, tha t cf the othe r couldbe calculated.
4pp?raLus qnd I\[aterlals: Two burettes , clamps , stand, beaker,
lndica tor,funnel,HCl solution,NaOH sclution.
Frgcç,duTe : ^Stud.y J,abor.atory. lechniques on maniputatinga þurefte.i.'horou.ghly cl€an two burettes and claop themtc a stand.Rinse each bur.ette with a snall am.;unt of thesolution it is to con+,ain; this is tr¡ assure that no watereniaÍns in it to dilute the sanrple l-ater.see thåt theburettes do not leak,and that it is e&sy t o d,eriver singre
drops with them.I'Ítl one i¡¡ith NaOH solution, the otherwith HCr sol-ution"Run out enough isolution in e ach case
to make sLlre that f,he burett^ r'lr,?bcve ano below the
clanp is full cf liqui-d with no air bubbles.Ref i 11 burettes.if necessary, to the ze-cc ca libra.tion, ìTipe of f the out,sid,e '
of the burettes"Run about l-0 mt". of the NaoH solution intoa cl-ean beaker containing 3-5 drops of inclicator. Now
adC HCl f rom the second bLrre'¿-ie uni iI the colcur ís
_clanged by adaition of one d:rop"lt'¡is is the end-point,
+I Jlu do not get it ihc f irst tiiae,aoo enough NaOH f romthe first burette tc rer¡erse the c c-lou:: chanþe,then aod
HCl drop by drop until- the endpoi_ni Ís reachèd. Now read
both burettes accuratery tc the nearest tenth ml"Repeat
until you have three closely checking rcsults.

Base Surette,..._Heading Ml.Base qssll

1.. ....

,A c id Bure tte
*.-_--"='*¡'Ï-Ðq

$egq.i qs S!J=' js_l-d_gçs-d
Acio Volume
+ Basç Yolume

..aaaaatta

. at aa

. a. a t. a. a a

2.,. r..

3.'. ....
Average Acid/Base ratio"",. o. ô ¡......
(411 such crarcurations shouLa be taken t o two ri, e cinrars )

Your titraticn has sho',:¡;r ti:at on the average 1:nl. of

base solutÍon wili r'eact with .,Írr.acid solution.
Iquation f or the reaction,,. ? ê. q à.. o.
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Pro

Discussion: Ghlorine gâS,even in small quantities,is
:rrltating ano harmful to the respirator.y tract. rf fumehoods are not available escaping -fu*u" 

"åuoro-¡" trup*r"",and care must be exercised iir tñe inhaling of fr-¡¡nes."chlorine l! plepareo in the raboratory by-the oxidationof lvdrochloric acid. A1v active oxidizing agenl n'y be
Tged,but aanganese dioxide is chosen because-the raie of

Propert ie s

ils reactÍon ean be moïe read.ily controifee.

als: Chlorine is solubLe in water

5.lTha t

ano neavLer than ai r.see sheets cn common Ap¡nratusAssemblies and se lect -tþe appropriate equipment. Ëinceits fumes are -unriesièa6rã,ä*ange the coïiãäiï;g Ëäiiiwth t w o -rr o rã 9 
"3i ;-Ìil iå''å ;ä'íffifl , ;å; : 3','i i;å iå" iåå 

t I e s

on these sheets ' -he f une !_"" p_ srrourä conta in strongsodium thiosulphate or NaoH sólutiðñ.võu aiso n"ã¿i-=
**:?1,1:9!1ne bottles with cover gIãsser, 

"or,".HCf ,I/råOp.vroceoure: Into the f lask p1¿õe ro.rgúty iO e"ré;"ãfþîãffino2 and. aocì ab.out a te st -tube furr of corlc ¡fiur rnrougrr the thÍstle tube. the initiar reaction wirl
f::1..:tgp:qlq then the f task shourd be ñÀateo-eãn-rrt.rr
+:?Ì1d strongly,the HCl wiII boil off .t'trhen a samBrebottl-e is fuLl (u" 1o!ed by i ts colour) exchange* it f orgn emply one ?nd quickty côver'Ít with a cover glass.
+ rag.dipped in amoniuii hydroxide prácão nearb! wilrtend to reuiove any escapinþ fumes.cðriect f our äu¡rprã",

impurities might be .in yotr sample?..........,...rtie s
s and g,+gls:_ large contaii ner with water,litmuspaper, calcium carbide, añtinrony powoer, turlm ntine, eváporating

9ish, tongs,fii-ter pa per.
froceÇ.ure: Invert on€ sample cf chl-orine inof vuater:Iet stand,with occasional s haking.
minutr-.s slip cover under bottle,æ d remûvecontents. Test with litmus paper.

the ccnta ine.r
After 15

bcttLe and

I.Is chlorine qui.te solubl_e?..,..,.,. i l ¡......,.....,..,
2.1s this a chemical change?a..........õ.If so,give the
eqüatiOn.... e ì r..... f. j.. a i I r r i j ¡.. a., ...... t....,..,....

on
nd nfia
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4.Vfhy does chlorine react with lr¡ater?........... r......,
(te s pecific).

5.\ühat change occurs on the litmus?.ô....t..,..r..
6 "Why? fleat a smal] amount of æ tirrcny powcrer on the
hanole of the tongs(or spatul-a) and sprinkle into a
se ccnci sample "

?.Describe what happens . . r r. , . ,. .. ..
S"Equat,ion ôr....¡...

Add about one-r¿u.arter inch of water tc a thiro
sample i:lnd orop i:r a srnall fump of calcium carbioe.

9,Y'.t1rat ]r.appens?.. ". a o, õ ¡..........,.
l0.Equaticn for c¿.]-cium carbíde acting on ïuater.......,

ê ú o ê c q I i q ô + ô¿.. t t.. r. ê aa.

1l-,Reaction betr¡¡een chl.cr:ine and acet'ylene
tòà.o.12êl

12.f s l;his an e;ranþL.c <rf conbus';ion? . . . . .

1 ? Ìin1--?
Àvo!{lÁ!. 0 ., t . Þ r o è .. ...4

In an eva.po:rati-
i.,aaq,r\ôrìrl nf È.rr',-r¡Êrr'!..'ìr¡a í ivsl¡ ¡/v ¡l v ;¡: J \ ¿

a^g-l?Fp dj-sh or -ÐIa'ie i.Blrof .filte r paper and ir¡riæd
sarnple of chlorine "
i4.Vtllra t }.ra ppcns

15.\dh¡r?,¡.oó

16 "Vii ih r¡rha t e l-emeni, h.a s

ng dish cautic.,usly heat about a
f it catch.e s f ire, cover it with
.sr.eanö of t ongs .dip in ?- piece
l_ai,eIy d rop ].t ].nto anoE.ner

chlorine a particuiar arf!nÍty?

17"T'vÌ:.ai reacfions

on this affinity?
have i¡ou demonstrated that depenoed

coeôôaaa..araa
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Name CIass. .,.Date...

soluble,and heavier than ai r" Ln solution it yielos H'
ions to produce a strong acÍo./ \* :

ta rfreBara_t1on
S"* Cor,,:L¡ion Apparatu,s Assemblies

Tõr me-prepãiãTfon-ãnd-collection cf a heavy,soluble gas.
Beaker,dry test tubes with stoppers to fit,sodium chloride,
conc . sulphurÍ c acid, bunsen.
Procedure: Set up the apparatus. Place about 10 gms.(or
€ãõugf-lõ-cover tñe bottõm of the flask to on;e-quarter
inch"depth) of sodiu-n chlorioe in the flask' Thfough the
thistle tube add about half a test tube of conc. sulphurlc
acid. Piace a test tube under the delivery tube so that
the tube reaches to the bottom of the test tube¡ Now he*t
gently until a reactionis noticeo in the flask,Pass gas
int.o the test tube for a few ninutes,then remove test
tu be and stopper it . .rrepeat with a second test tube . Now
arrange the delivery tube so that it extends to just
aþove the surface oi water (about hne test tube iulf)
in abeaker.Pass .,¿õ on to tire suiface of the w ater f or
about five minutes,

. a t., ô a ¡ a a a a aa aa

the general method of preparing most acids?

c a t ô aa. a aa a a.. ¡ . a l a a t t.. Ù

3.\tlhy 1s sulphuric acid trsed,anc why is it heatecl?

IÐ..@:g.;;;;;i;;;;';;;.il.;;;;;;;;;;.;;.;;;;;.i;'åi*ra]-.1...;;:.;,.:'.''..'.:,-.Testtubes,meoicineoropper,iitnrus...'....'.'..
izeofapeaorsüaIIer),copper]:'.,'.'..'.

oxide,ammoniun fryãioxide, sodiu¡n cãrbonate ,silver-nÍtiate 
: ':: : :;':

solution,nitric acid.
Proqedq¡e: Rernove the st -;ptrnr from one test tube of sample
anã-ffi-ãcross it.

l.Equation
2.Vühat is

l;Observaiion é''............ i......¡....¡......
Remove stopper fron the second sample and

test tube cver water,with occasional shakirig.

aa.a

inrært

2"Is the .gas very soiubfe?....:... ¡r¡oi¡ro¡
õ.How does this account for your observation in (r)t

a. t r 4... t t . a a a a a a l t 
" ? 

" ' t 
" 

t t t' l t '
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tr'rom nov¡ on use the HCI solution you have made ín the
beakei, Take samples from it with the meoicine dropper.
Place one drop in the paim of your hand,dilute with at
Ieast an equ.al amount of wate r,ano taste it.
4"Taste có...

L¡n separ¡' lie pieces of re d and blue litnus paper
place drops of the HCI solucion

S.Effect on Li.tm.us
Dn separate small pieces of zínc and copper place

a drop of the HCI sol-ut,i.on" Ùbserve cclosely for a minute.

6.li'fhich reacts with the acid.? .... é ...... '

7.Equ-atjon ...'.. ..¡-,'
8, - ïn '[eí'irl,s oi 'r.,ire eiectrocheuical seríes of metafs
explain lvhy the::e is a rlifference in the reactions.....,

" " " .:,.. tl " " " . . ¡ ^ ô ¿ c .' " , l:' ^.! . ¡ ' ' ; . . o . íi r.. ê . . .
jllace a rrer]/ f er.v grains of bl-ack CUO in a quarter

inch of rvate r ir a test tube.Adc an equa-l amount of the
HCI solu'bion.lo --," gr'ains ü--*,-¡rsãìr?H6¿t if ne cessary

9"Eo,uation.. iiÞóà
I0.Is -uher'e a djffcri:in.j3 in'¿l:.e action of HCl on copper'
anc cirpi-':.c oxice.?. , ..¿o'

Tc a tes'i 'i,ube aoci a fcv¿ drops of anmonium hydroxide.
DíIute w:'th ha.l.f an inch of waic'r' Drop in litmus paper.

Il-"t/hat Ís the co-lour- nf 'bhe l-i.t:nus?é, n. ê..Iiühy?......... q.
t\dd HCI- solution ci :r:op iry d rop tilt the colour of

the litnus changes'T'/hai; ki.nd of reaction have you

illustr'atei.? ",' "Lâ.Equatíonâ.. c r o ¡... .... -...
On a very smal-'ì- pite of sooi-um carbonate on a piece

of paixji pl-ace a <1:'cp oí I{Cl- sr.;.l.urt ion.Observe '

l-S.Observatíon" " " ". .Equation .... r. r.. Ç ......
Ta an ineh cf .lIC.l- soLr,rtiôn in a test tube ado a

f evl drop,q cf si lve r ni tra''ce sol-u.'F"i- on .

14.Obse.r-,'et,iol't. o. ,. "reQlìâtion ..... r..
tr'.'i-¡-te:: off '-"ht precípiiate' To thq precipitate on

the frlter p"p*i aãc ämmoniugr hydrcxide(a-bout a test tube fulr)

l5.fs t.rre precipita-;e sol-uble in N}I4OH?"""
NOTE : i'lhe pre ca:ding 'ir,vo s teps are a '5e s i; f or the chloride
ion.
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- l?Ê -

C1ass....Dat€,..,..

Ði Êcr¡F si on.: rn a typi ca r chem i ca l-_ change, substances { rqa ctant s )act on each other to f orm new substanõeé-ap;;ä;;iãi.i.rri=is caIled. the f orward rea ction, ¡ut i r:ã products, íf ref ttogeli."I,@I { eact together ancr ctrangã back to thereactanta . this is ca rted the backwaici reaction. rf thetwo reactions are e qual- the renuli'l.ls--cfrerni caI equÍlÍbrium,and no noti oeable charrge is observed. rf we desiià aóobtain _the prod Lrcts ïue must srow down or prevent thebackward reaction. Then we have shifteo tñe equiribriunor brought the reaction to. compteiiãn.-to havó a completedreaction one of the prociucts mäst be removed or isoretedas fast as it f orms.îo shift the u,l"itiîrium, one of thereactions musù be speeoeo up witnoüt changing its ãpposingrei¡ ctÍ on.The resul-t is niore or ress prðà,rõt,ñi thout- 
r

having achieved .a. completed oea"ii õn:-Eà"i ri¡riura--mavbe shrf tecl bv ad.oi ng s n exce ss of a rea ótant o, ã präouct .Then the rerätiotr uõu;ã"-;p-;; ir.--oi"äàtion rhat wii]teno to renove this eucess "Test tubes,evaporating dish,s-ntrrlng rod,zii:c-,uiI.HCl-, si i.ver. nrtrate s olutlon,phenorpthal-ein sorution, sooium hydroxii:de soruticn,
3:T?l1or hydrcxide,ar,noniu:n chroi ide nmecli cine or'oppe r,
-S- rn a test tuhe ad.ci some dir.Hcl to a "äärrpiece of zinc"
l.Equation

2.0bservation... 
"

3.Should this tord to go to completion?....
a.Why?

In a test
solution to half an

tube acrd a. few drops of silver .nitrateinch of di1.H01.

b.Ec¿uation

6.Observation ..,..
7.Should +,his tend to go to completion? ...,. ......,
8.Tlhy? :'....

Place about a rruarter test +¡ube of dil. I1Cl inan GVãporating dish with a orop of phenolpthalein sorutionas indicator. Ado NaoH sorution drop b.y d iop until_ a faintcoLour appeèrrs. Now aco HCl drop by-oróp untíL the corourjust dísappeårÐ " T¿ste the so-tut j.on.
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a a a a a a a a . a a a a . . a . a a a a , a . a I ..

added that caused this shift in equílÍbrium? ,

t.a a. .. a a a. a. a a a. a a a a.

9.Ionic €quation.. ... .

10 . Obse rva ti on
11.\-fhat are the srrarle st partr cle s that enter into
chcmical reaction in this case?..: ..........
L2.Should this teno to go to completion? ;.....
lõ.Why?..... ,.............. a....
. t..a r. a..... a. 1....

-sþif tlng the ec¿uili brium: consj.der the equilibriuru

rr the uacr.*Háoï";fr,""ryS"i 3ä-*peeded up, there shour.dbe l-ess oH- ions remaining in sorution,aná.their effecton ån indicator should be ress. the backwara reaction
can be Fpqeqcq up by adciLng a great excess of one of the ions,Add 2 droþs õf aroroñium-hyd.roxicle to harrf a iesttube of water, then actci one drop ôr phenolpthalein soluticn.Divide the solution into two tést tubes. io one of thi.
sampres add as much sorid ammonium chforide as wilIdiss orve with shaking. cori.pare the oolours . of the two
s oluti ons .
14.Has the equil-Íbriura be en changed by aociing the

anmonium chl-orÍde?..., .ót.. .....
15,How do you kncw?..t............ .,...
16.tfiihich i on concentration has been lowereo?

at.aaa
.- li7'. .r'l. wu.l cll L on was

Note that when turo electroJ_ytes having
are mixed in solutíon the Íonization of the
This is ca ll"ed the Cor,mon-Ion Eff ect.

the same ion
one Ís reduced.
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DiscusÞion: The period.ic law states that properties of
elenents depend on their atomic nr:mber,but tñat theproperties repeat themsel.ves at intervals caLleo periods.
the result is that if elenents are arranged in a series
accordÍng to their atomic nr.¡:nbers,at regular intervals
there occur elements that resemble preceding ones. In
the periodic classification these simitar elements arepraced under each other to form a familv. 'fheir similaritiesillustrate the periodic repetition of pioperties. But in
a- family there is arso a ncÈ iceable gràdation of propcrtiesr
t'rrus , in the non-me taL fami lies the a ct ivity cf the e lemúlts
decreases as one proceeos down the family.-[iuch agradation irrustrates that in spite of périodÍc repetitionof _proper-lies these depend on,año changã with, the ãtomic
nu"mbers. 'i'his series of expe riments wilf show the
simÍlarities ano grad¿tion of properties of the halogens:
fluorine, chlorine,bromine,and iodine .

ta lPreparg.tí on
ApÞ?rãlusaand niaterÍal-s : Test tubes,sodium chlorióe,
sodium bromioe , sodium iodide ,manganese dioxicle, corc .H2SOp" ã ãu a" 

"ã 
i-'-F i ; ;; iiä-i å 

" 
ä ï i; i ffi i i" i : " ;, Ë ËiË "ã åå ";i ii' i; fÏffiïffiãeA in these experiments .

In a test tube mix a ouarter inch each of
sodium chloride and mangenese dioxi de.Add an equaJi amount
of conc.Hpso4 and heat gentry.carefully waft gás t o thc ilosê.
I"O¡lour cf ga.s......rr......p.Odour of gas.....{¡.¡..,
õ;Equation ...,...,.. r.,..

Repeat the above,but use sodium bromide.

6.Equationr..r.. ... r.... i.,..., .....
Iodine is normally a solid. Repeat the above,

using sodiun iooide.Hòld the test tube aLirost horizontal,
and heat gently,\'ùtatch for deposits of iodine on the
cool-er walls at the upper end of the test tube.

T.Colour of deposits....... r.. ¡,.. +....... .....rr..
S.Equatíons.......... ... r... r...... ¡...,... r ¡

ö :\'/ü;';iliil;i;;' ;i';il'ú;i;e;;;'ü;'il;;' ; ;i;;;;;;åi

t)
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the halogens is the moet a.ctive

aaaaaaa..ar¡.a

Gradation of Pro rties
tlãf" : Test tubes,evaporating dish,

glass plate ,wax, chlorine wa ter,NaBr,NaI , carbon tetra-
chloride, CaX'2, conc.H2S04, di l.IINOS,NH40H,AgNOg soiution.
Procedure: DÍssolve about one-quarter inch of NaBr and
NaI,each in separate test tubes,in half a test tube of
rvater.Add to each ha]i.f an inch of chlorine water and
shake.Now ao.d one-quarte r inch of carbon tetrachloride,
shake vigorously,and let stand to settle.

2.Ïú¡i "¡ of

3.Er¿uations

å.-irrv
a..... a. a a a t aa a a a a a. .. a a a a a a

is carþon tetrachloride added?

5.ïúhich would be nore active ,f luorine or iodine?. r '....,6.Juoging from the activity of the haÌogens,rank the
following compouncs in descending order of s.tabilÍty:
Hf ,ÏIX',ECI,HBr¡ . .. . . . . . .
T.Recall- how HCl was made.IIow could HBr be nracie?

a. a a a a a a a a a a a a a . a a a a a a. a a a a a a a t a a a t a a a a a o a.. a.

Try it with small portlons in a test tube.l{ote
colour and cdour of oscaping geses;HBr has no colour.
Note if the odour of sulphur dÍoxi¿de is prese nt.

S.Observations¡ ¡ ¡ i o ¡ i ¡ ¡ ¡. ¡ o ¡. ,..............,
9. Conc. sulphuric acid is a good oxidizing agent,while
Ißr,being unstable,is a good reducing agent.',,rite equations
for the ieactions that pr€vented you from rnaking pure HBr.

a a. a a.. a t.... a o. o i.... a.... a. I a a...,.. | 'a ' a

ió:c;;iå'HF'il'',å;'ii;;'Hðii: : : : : : : : :\ih;: : : : : : : :. : : :.. :

Il.Coulo HI be made like HCl? ........Tühy?...,...... .....
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the second part of earch solution aod. several
nitric acici,Do the pr6cÍpitates dissolve?

ilre lt a snrall- piece of ïve.x on the surface of a gra.ssplate so that it forms a thin rayer over the whoLe surface.Scratch your initial throuEh the-wax, PIace about half
a teas¡roon of calcium fluorioe in ar evapø ating d.ish.
vtret it thoroughly r,vith conc.Hgso4,ano imrleoiatery coverit with the glass p1ate,!vax sñrface down. -o not sniff
the furres,they are dangerou.s. r"et stand ti1l the eno of
the period,or preferilbly for at least an hour. Heat theglass plate to melt off wax. Exa¡nÍne the ¡llnte for ctching.
13.8c¿uatf on f or making IIF .. ...,
l4.Eguation for etching . .. . . ,. .. . . ..

Pla ce four te st t ubes in a rack. Into thc'm pla ce
4-5 drcps _of Narn,l{ac},NaBr,Nsr solutions respectiveLy.i''o each add about two inches of water.Tc each add 3-4drops of silver nitrate solution.
15.In which solutions is there precipitation?

Ç a.. ¡ a. a a. .r a a a. t. r. a a a.. t a...

16.Equations
a . a a a . i . . . . ? t a . a . . a,. a a .. . I o . a .. r .. a... . a a a a ..

aaa..a.

''''''' "sh;;;'il;' ;;i;;;;;;';;';;;;h';;;;i;;;;¿;;;'''''
occ urred ,anci sprit ea ch int o .two parté in separate test
tubes ' To one part of e¿:ch ad.o an equ&r voruñe òr wilnoH.fn which cases does solution occur?

I7
I'o

drops of

18.. ô t o '. ... c o ..... .......
19.How could you tetl apart sodium chlor.íoe from
sooiun iodide?

aaaaaaa.aa



9iS-cu-æj-on:_ Tne reaction between the hydroxyl ion of s
base with the hydroge.n ion of an acid to foin water which
ionizes very slightly is ce,lled neutra tization,ano isthe f orwo,rd a ction of a very nearly corrplete re¡: ction.
But water ionizes very slightly to yield a few hydroxyl
and hycrogen Íons,which associating themselves with other
Íons,form a very minute amount of acid and base. This
slíght backward recction to neutralization is calrled
hydrolysis. \,',henever a salt is dissotve o in vr¡atcr hyd.rolysi
occurs,f orming an acio atd a base.A strong acio or. base
ionizes nearly completelyra weak one very ]Íttls.lhus Íf
the result of hycirolysis Ís a str.ong acio ano a weak base,
there wiIl be more hydrogen icns__than hydroxyl ions set
free,and the solution is acicli c.Ihe reverse will also
happen, Thus it quite frequently happens that an aqueous
solution of a salr-t,because of hydroJ-ysis, is either acidic
or basic.
Apparatus and lfaterials: lest tubes,blue and red litmuspaper,stirríng rod,the salrts listed below.
Procedure: fn separate test tubes dissolve not more than
a quarter of an inch of each of the salts lísted in half
a test tube of water. She,ke to hasten s olution,but do
not close test tube with your finger.Sy means of a
stirring rod transfer a drop of eacht solution t o both
red anc blue litmus paper. (Each paper may be used for
several tests.)Rinse the rod before dipping it in¡o
another solution.Record your observations belcw:

ecE on ctro ljase on caus ng
Blue Lit Present PresentlCot

1¿Il3

cl.
cog

2H
¡t

.̂*.

2

Na

NÏ]

Na

CaC12.

ZnSO 4.

aaa.aa

NH4C1.

1.Sal¡-ts giving acid reaction

2.Salts $iving base reacticn.. .......,....... .,....
S.Salts forming strorig base*weak acid, ........
4'Salts forming weak base* strong acid .........,...
5.tr'rom the above uråke a rule by which you csn predict
whether an aqlreous soluticn of a sal t will be acidic or

Red Litmus
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Name iio......o

Coagul?ti on
Emuls i ons

Discussion: A colloiu is ttiat condition cf a míxture in
wññãffiisperseq phase(trre material distributed in
another substance ) consists of particles composed of
more than cne molecule,yet too smal} to settle out, It
is therefore at the borderline between a true solution
and a mechanÍcal mixture or su¡lgension, 'Ihe dispersed
particles cannct draw together because by selective
adsorption they have attracted ions ¿¡l-l of the saüe cherge.
CoÌLoida] parti cle s ere prod,rced either by bre ¿rking
oown bigger pieces,or by condensing molecules to
aggregations of colloidal size- Collois may be coagulateo
by neutralizing the oharge on their ia.rticles,either
by means cf an electrolyte or an electric current.

tion

very fine
Proeeoure
beaker to
then add
chloride
I. Compare

5 .Vüa s the

t a. a a a. ¡ a. a a a a a a a a a a ...l a. a r a a. I I t a a a. a a a at a

2.Hydrolysis has occurrcd;write the €quatic.¡n

a a ¡ a a a a a a a a a.. a.a. a. a.a a a.... a a a

3.\'ûhat ca¿sed the c o lour of the

a a r ¡ a a a a o a. ta a a a a.. a a. a,. o

4.TÍÏrat keeps cr.rlloidal- particle s from growing big enough

to settle out?
Filter about a quarter t est tube of the prepared

corloid.Does any cf the dispersed phase remain on the pqper?

erials : Beakerrwire gauz€ rbunsen,testñfffunnel, stánd ,felric ðhloride ,
clay or sLaked lime¿sodirrm hydroxide solution.

: Heat aboi-rt 100 ml.(graduate) of water Ín a
boilíng, (to remove cãrbon dioxide).Coof slight1y,

slowly about a quarter test tube of ferric
solution.Save f or later
colours of this and ferric chloride solution

a a. a a a a a a a a a a D a a a,..

cc.rlloÍd formud by ccndensation or ciis¡¡arsion?

ro a¡cut'ióô';i: ie;;;;;;; i' ;i'*;;;'i;';';i;;;"
qdo about 1gm.(a r¿uartei inch in a test tube) of finety
powdered elay or slaked lime.Ðhake well_,X'ilter about
one-quarter tçst tube,and save the fift rate.Now add to
thg suspension about hatf a test tube of sooium hyaroxide
solution and shake vigorously.Again filter about ône-
quartcr. of a test tube.Gompare the filtrates.

co I loid ?
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6.$rhat difference do you nctice? .... r........
¡ a ¡....la.a a a a a .... t ... ¡a.l aa a. a a ¡ a at a aa

?.lffhat was the pur'pose of the sodiuna hyoroxide?

r aa. a a a. a. a a. a a. a. a a a a a a. a. a a a a a a t a a a al a

S.Vfhet name is given to a substance that acts as dio the
sodium hycroxide ín this ease?
.a a aaa. a aa aa a a. a.... aaa.. . aaaaa aa a. a a a a a aa aaa

9.Is this a condensation cr a dlsnersion?

(b) coaEulaticn
Apparatus ano Materials: Sample of ferric hydroxide col1oid,
aluminum sulphate,filter f*nne1 and paper,gelatin.
Proced.ure: PIace about an inch of ferr"ic hydroxide
õTToiã-E each of two test tubes. f,'c one aoci an equal
volir¡rre of strong a1u¡aínum sulphate sclution ano shake.
Set asioe f or 20 minutes and ßilter.Examine filter papers.

l.Obsgrvations ¡........... r..... ¡..,... .......
2.How did the aluminum sulphate function?

a a a.a a . a a. ¡ ,. a a a a a a r a a ¡ a a a t

3.Could any other satrt have been used?¡.,....,.r.o......
Repeat the above,only before adding the aluminum

sulphate add to each test tube a few flakes of'gelatin
and boil.
4.f s there any noticeable difference bet,ween the two

samples thÍs timg? .,.... Ò r....,......., r
The gelatin is ca llect a protective <nollc.rid.

l9--Egg1s¿ggg These are corloidal suspensions of two mutually
ññTffiTilliquicts, A thirrd substanõercalled an emulsifyhg

drops. of-Eerosene' 1o one sanple add a small piece of
soap(size of a pea or less).Shake vigorously and let
stand for five mÍnutes.

1.Can you nctice any difference?,..'.....¡..r ......
2.ltihy is the soap adceci?..... ........r..¡.......¡..

agentris usually necessary to make the emulsion permanent.
ABparatus and Materials : Test tubes,kerosene,soap.

ubes half f,ul"I of wate r add 4-6



Discussion: Many eleurents moy be identifíed by the
&ra!Ïerîstic colcur their cornpouncls impart to a gas
flame. F1ame tests are particularly useful in identify-
ing metals of the alkali and alkali-earth families.
Sodium iurparts such an intense col-our ùo a f lame,and
is so often found as a trace impurity,that its yellow
tinge may be noticed evcn wlien testing other metallic
salts. For more delicate work cobalt glass is used
to screen out its effects. In this experiment test
for it lastf
A ppare tus ano Ma teria ls : VrIa t ch glqss , platinum wire ( f usec

sen, conõ.HCI,õalts as beIow.

Procedure: Clean æd adjust your burner to burnvu ith a
gentle non-I¿ninous flameronly faintly bluer in colour.
Place sone conc. HCI in the watch glass. Ðip the
platinum wíre in and holc the wire in the fla¡ne.Repeat
this until'no colcur Ís imparted to the flame. On separate
f ilter papcrs get a f ew cryst:, }s "us¡ 

r:f the salts
to be tested. llet the platinun wire with HCl and hold
it against a snall crystal of salt so that it will
aohere. Hold the wire in the flame just abbve the
inner cone. Observe the fl-ame colour.Clean the wire as
before ,and repeat with another sal,-t.

Test for SaLt Used

IOsOg

T,iNOg

Ca C12

Ba C12

CUS04

g¡(rrrog 
) 2

Na NaCl

I.\Toulo it nake ãt y
each metal were used

9olour of the Flame

d if ference if d ifferent sal'ts
than those suggested?

K

Li
Ca

Ba

Cu

Sr

of

a a t t. a a. t a a a a a a a a Ò a.. a a a a t t. a a. Ò a a a aa roa a aaÒa a a a a a. a. a a



SAPONÏtr'ICATlON

Discus¡iottl Saponification is the nanufacture of soap
fron organic fats or oils and a strong rþase,usu€.IIy
sodium or potassium hydroxide. A by-product is glycerin.
The process is slowrtaking sev€ral hours of bc;iling
by tlre commercial nethod. The soap you will prepare
will be impure,containing both glycerin and strong ba.se.

Apparatus and Materials: Ring standrwire gauze,bunsen,
evaporatiñf dish, beâkei, tept tube , stirring rod, olive cil
(or cottonseed oil or lard),oonc. sooium hydroxide soluõiont
denatured a }cohol , s odium chl.oride ¡

Procedure: Pour into an evaptrating dish about one-hallf
ffi6e c¡r olive oil;ado ã test tube of, alcohol. the
alcohol serves only as a solvent,end takes no part in the
reaction. Now adc about one-half test tube of conc.
sodiWn hydroxide solution.Heat the mixtLtre ,with occasionaL
stirríng,for 15-20 minutes. Ðo not al'Iow the mixture to
boiJ- vigorously, If the alcohol ignítes smother the
flanes by placing a beaker or glass plerte over the dÍsh.
(ïhere is no serious dangerrsince at worst you cen put
out the flazrre with water and start again. ) rTake care
not to tip cver the clish cf hot rrixture.f,et the mixture
cool,and while it is still warn pour it into a beaker
nearly filleo with saturated sodium chloride solution.
Stir the mixture,collect the sol-id massrancl wash it
sêv€rer1 times in water. Squeeze the nass into a cake.
See if it will foru. a lather.
l.Consioer olive oil to be oleinrand wrrle tne ec¿uatíon
fc¡r the saponífication of olive oil.

. a aa a a a a a a. a a a a a a t a aa a a. a. a a a l a a a. a

Z..Name the by-product in this saponificaticn

;:;";; ;; ;;;"; ;";;- ;;";;;'; ;;;";;"; ,;,;";;;";:
Tûhat would be the purpose of adding t o sal¡-t water as
you just oid?

t a a aa a a aa t. r a a a. a a a a a t a a a a a t a a a. a a a t a a a t a a. a a t a a aa

a , r a l. a a.. a q.. a a...... a.. t. - a. e . a. a . a t a. a t a l. a.... a
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Díscussion:Metal ores arre roasted to &hange then into
oxioes. *hese are then reduced,usually by nieans of
carbon. Commercially the carcbon is in the fo::nn of
coke (as in the ¡laát furnace,)

Apparatus and nlaterials: Ring stano, clanps ,ha:ro glass
test tubes , onc hol-er rubber s topper t o f i t, delivery
tube rbunsen, cìlpric oxide, chercoal, limewater,nortar cr

anc pestle.
Procedure: Clamp the test tube to the stand;arrange
stopper and delivery tube as for' collecting cxygen or
ammonia.Grind fine some charccal,pour about an inch of
it into the test tube,ad.c about haLf an inch of cupric
cxide,ancl shake to mix. Have the delivery tube-_lead
into a second test tube containing limewater..Heat the
mixture to dult red heat for ten minutes. trfhat evidence
is there rsf chemical action?

1r a .. r. . . a

2,Equatic¡n ,.....
S.Vtihat is the escaping gas? . . . , .

After the reaction seems to have ceased let the
mixtur'e cool and empty it into a mortart Acic some
water,ancl grind with the p stle,pouring off what
remains suSpeny'decl Ín the water. Ädd more water and
repeat this process several tines, T,ook fc-rr c:opp r
metal in the r'es idi¡e retria inrng in the mortar.Soüetinres
harcÌ grinding with the pestle witl create a coppery
smear on the inside of the mortar by which you can
be sure you have reducec the cu¡,ric oxioe to copper.
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ffierciatlr¡.
DIscuêsîon: LTrrestone when heatec changes into Iime,
Tñffi--[ürn can be changed to s]akec lime by acluit ion
of water. Ïhese are used to rral<e nortarrsoften water
sup¡;lies ,ârrr, to make certa in types of g1ass.\Ïrite f ormulae 

l

for Chalk
ApparaLus and i'llaterials : chalk,tongs,bunsen, litmus paper,
Calcium hydroxide,test tubes,apparatus for making
ca rbcn di oxice I conc . IICl
Procedure:Ho1dåpieceofchaIkinthehottestbunsen
f1ãmñ.l-about fiie minutes,using the crucible tongs. ,

.¡,et it cool
l.Ee¿uation f or the reaction... .::..? ... r.
Z.Comme,rcially this is cione in a q.evice balled a

l/et youi f inger anri touch thc part cf the chalk
that has been heatea.Note any change Ín tempc;rature.
TouchthesaLGpartr,rlithapiececflwetbê'dIitrnuspaper
S, Observa tions

4.Equa ti on
S.Ttlnen done coilrmercia tly,what í s this process caL le d?

A solution c¡f caf ciLrn hydroxide is caL led lirnewater'
Make some by shaking abotrt half a teaspoon of calcium
hydroxíde iä a f ew ñundred ral-* of watei\gracluate ) ,le!tine
stand to settle,decanting and filtering the liquid. Set
up apparátus to make CO2f(Use pieces oi chalk,conc. I{Cl)
tr'iIl a'large test tube with liurewater,arr'ange tþ" 9çIívgy
tube tc; reãch to the bottc.¡m of thÍs test tube' Bubble
carbon dioxÍde into j.t" Equation f or the reaetion when
the limewater turns milky:

6,..,

until
Gontinue
it turns

bubbling C9Z int¡ the milky limer¡vater
clear aga in. l

7.Equa ti on
s r¡1utí on; re turn the rest
it asi.de for the exPeriment

the sample ycu savedrfor

Save about iìn inch r:f this
to your instructo:r rvho will Put
on the hardness ín watcr. BoiI
about five minutes.

9.Equatíon ..¡.o
lq.tthl i s thi s ca lled. temporary hard wa ter?

.r..t.t..!ar
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IÍARDÌ{ESS IN TTATER SUPPI,]ES

Discussion: Hardness in water is caused by the solution
¡fãÏõÏÏñ,ü-iagnesíum, or iron salts.If the! are bÍcarbonates
it is cal-Ied temporary hardness,if not ,permanent hard-
uess, Hardness is detected by its acticn onsoap;the soapforms a curd¡i precinritate,nót a lather, The extent of
hardness is measured by noting how many orops o f a
standard soap solut ion are needed to uiad<e a perman en t
la the r.
Ao'paratus and Materials. Test tubes,medicine dropper,
distÍtled water,soap solution,permanent haro water,
temporary hard water,bunscn,filter þaBer an c funnelrpipette.
Procedure: Soap soluticn: Dissolve 10 gms. of castile
soap lñT0 ml. õf alcohol,qilute 20 ml.-of this to
300 ml. with distilled water. Temporary haro u¡ater: Use
the calcium bicarbonate solution macre in the ¡receding
experiment.Pernarnent hard water: Dissolve a fevu crystal,s
of calcium chl-orid"e in a beaker (ZSO mf ) of water.-

(") To 5 mI.(mensuïe these q*aütities by pipette)
of tenpcr ary haro water add soalr solutron by meclícine
oroptrnr,drop by drop with shaking,untí1 a Iather f o:mrs
t}:e.t persists f i,.." one minu'Le, !o not confuse a curoy
precipitate that may float on top with a lather. Note
the nunber of drops used.(b) Boif a test tube of tempcr
ary hard water f or 5 riinute s .3ilter, anc repeat test
r¡yith 5 nl. of this " (c) To hal f a test tube of terirporairy
hard water add limewater drop by drop with shaking until
no more precipitate forns.Fílter,and repeat test with
5 mI, of this. (¿) Repeat test wíth 5 ml, of, pernanent
hard water. (e) ¡oiI a- test tube of perrnan ent hard water.
for 5 urinutes;fílter,and repeat test with tfris.(f) To
half a test tube of permanent hsrd water aod strong
sodium carbonate solution,drop by orop with shaking,
until no more preci.pitate f orms.Filter,anci repeat test
with 5 nl. of thÍs

Drops of Soap Used

Temp'Hardnes"%.AfierBoil;afterChem'Treat.
Pe rm.Ha rdnes s

\G/

(u)

(e)
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1. In what ways nny temporary harcness be r.emoved?

. . ! . . . . . . .. . ... ! . ! o r r ¡ . . . a -a a . a ¡ .._a ¡ a a a :a :e . t . ,. I a a | . ¡ ¡.r | . . , . a

2,Equation for b,:iIing temporary hard water
. ..f..4 :. 1. !,. . ....: ?_:.. t. . r . . . . ... t | . ,, a t r a,a I r,. la || | ,, . . o . a 1.. t a a

S.Squation f or limewater acting on temporary hardness
a a . . t | . a a a . . r ..a a . t . e a | ¡, t, a a a a a . . . . a . a Ç t. a:¡,.. e t f_Jt¡ ¡ a. 

" 
a r. I( Conmerçia1lq slqked tiuie' ié'ùs.;á 

- 
in;i";d . 

ói 
-iü,ériãiãr)

4.Ht¡w is permanent hard.ness removed?r. .'..,.. r........,.

??9:':?:':or.J! ::::!l'rt't" " "'r"..t'.".'???f .a..t.

S.Equation fcr removing pernÊnent hatrúness

.4. Q. t.. a...: a: l a ¡ f f a I t. a. o.... r... a,.. o r... !.. a a a ! ? a aa

-'=.-_-"-.. '-.".:l



Discussion: lron has the vatêLces A anci 3.The lesserGrãñc e-Fi nd i cã täa " u¡7--iiré -ã; 
ä I ;s -ãsäiilr; eïe a ãð ;- Ëi ùbegndine &: Metattic irón consists-of-néutral,ator¡¡s $äo

e ither r.:T e¡ Be{# i.rn. 
- 
ir.i E rs . ç*iãã i;;;: (i;r;';i

E:lectTgTs=oxida!ion LEO). Foi ¡'e+--or F;++¡'î;;; ;;
s¿rrrrrir rL- - - 

rJr !e r | | loll . lfrJ.E rS. oXidation. (Iross ofgtectrons=Oxidation IæO). For.I'e# o, gç#'T;;; i;revert to metarlic iron tr'eo they must-pietc up-ã--ãr-ãelectrons. This ¡.p. callea reriucîiun.

@si.P1eceebouto.5epj."or]irõã-iiwoer(aboutgs

lep} xubWl; flaslacld,hydrochloric â cid, íron tarks

Pre tÍon

-

¡.Ifhât hae been oxiOi zeë.?
Save the solution for the

tr'err

X'errous end tr'e Sa lt
funne t, þçe kers rl'1 +IgI :paper -an o _ t unne I, bee ke! r r J.asK, powderËd iron, nitri ctaÇcs r¡¡ wire, . '

uugþ às wq*tc pale {.,ns-elrârrãr inch.in ã iè;¡=t"ùui-ì"a 2b0 ¡¡¡1.. -f lask.pour oväí it 5,ral, (graauate ) ðf 
-råtr",

?ld !-uI: (graduate) of conc,. Ircl. n¡j; th;-å, ntãiitä:;f
_!þ" f laskoheat gently,and" set.qqid.e f of abcut f iveulnutes. :rïre iron disËorves in the ació f ormihþ ferrouschloride.
l..Ionic-equ,:ticn...:. . . . ..:..'.
2.lïhat has been oxictizeC?....¡....:. ? r,fredueed?..........,
firter off the undissolveo iron. .Nearry rirt a test tubewith the f i ltri:.te i acio to. i t 4-ö. ürops öf e""c. flCl 

-a 
noa few iron tacks(cr wi.re) i&erk this-eclution A ancl savÊit !or, later tesùs. rt iiÁ o solutiun- r,f ferious-õrrrãiiou.the acid anc iron tacks-ge;.iuãá ã"ô',eh hycrogen-tõ -

keep it from becouihg oxidized to f, eriic óhrciioe.1o the renainder of the fíltrate 'adü 
.gp¡.roximately

å *1. ( graoua te ) .¿f cone * Hcl unã rr"ã i 
- tõ n"ã-"'u;ïIil¿ ,rnen adúi ccnc. nitric acid drop by drop wíth shakirig-until the. sorution,which is at first ã dark-brsrn c-olour,

be comes lighter in colsur.fhe ferrous cnfæide-Ë; Uã"n
, chaTgc<i to feuic chlorÍde by the oxygen of the nitricacid. .

4(tr'"#,pcl-) + 4(H+,ct-) * 02= a(x,e#t+,gct') + ango

....Reduceo?
tests fo3.lowing.

aopalafuF a{¡a Matgri@s,solutians of ferrous
anc¡ rerrilc ions nede i part (a),amtnoniun hyclruxice,pot.hyoruxice , pot.
{erricyanice,'pot.ferrocyani¿e, þót. thiocyaägte.

Compare the-action-cf the foilowing reagentsuponfetrousandferricions,ac1ding2-õdro,,sõrtrrë
roagents t<¡ about one-quarter inch-of ferróus and fericsolutions in separa te t.est tubes.

para



_t53_

lron cr.rnpounds -2

Observati cns:
!-ÍoagenE

Arun. hyor'oxiae

Pot.ferrocyanirte

Pot . ferri cyanide

Pot. thi ocyanate

On tr'errous irrn 0n tr'erri c i on .

a.aaa.a..a

Eçuations:

l.Amnioniury hydrcxiCe acting on ferrous chlorioe

2, Anrnronium hyaroxiae acting on ferríc chlorioe

..... .....¡r¡ài

3.tr'ormaticn of a blue ppte . with ferrous chf,cride

.aa..4a...

4.tr'ormation of a blue ppte. with ferríc chloride

acld so luf l rJnt a Þotl
: tr'e rric chlcriCe soluti cin, oxalic
), pot .ferr icyanide s c-rlut ion, pa per.

Plqçeqqrei In the presence of light the oxalic acio
reduces the ferric chloride tc ferrous chforiue. In

-,, corínercial þlueprint this is oon€ by u s?]'t cf citric acio;
.::,' In a beakerrwell sh¿icjeo f,rcm the lÍght, mix:: half a test tube cf each of fe rric chlcriue and c¡xalic
,i acio sclutions.Acd about cne-inch in a test tube of
: pot.. ferricyanide solution.

l.Any ppte.?... Should thers be one?.....'........-,.
ïfet a goco clua lity rvriting !H,per with t he

i soluticn,and dry it al¡Iay fron light. Place a key on

' the dry paper and expose to strong fight for five
,,,,1,1,, minutes. Now wash the Baper in water.
:.

Z.Is any ehange exp€cteo? ....... a.,....,

beaker.
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Ðiscussion: In cheriic¿rl analysis it is cuuinon yr.:ctice to
separate the rueta1 ions by groups or families. Silver,
mercurolls,anc¿ l-eaC Íons can be separatec., from a sclution
containing other ingreaients by taking aovantl,ge of the
fact that their chlcrioes are insoluble. It then becotnes
necessary to ide ntífy each met¡-,l ion in the gr cius of
insoluble chlorides by some further trst.
Apparatus and Materüals: Test tubes,filter paper and

oma te (K2Cr2O7 ) , ammcñium hydroxiie ,
nitric acicl ,a sample solution made uil of mixtures of
mercurous,silverrani leacl nitrates.
frocedure! .Precipitate the chlorioes from about half a
ffiã-of the sample soluticn by adci ing t o it about
5 mI. (graduate) of cIil. HCl.r iltel the riixture,oiscarding
the f iltrate. l-fash the precipitate rn the filter by
filtering thrcugh it e few srI, of r¡ùator ecidifiea with
a few drops of HCl.
l.tjbservations ... r......
2,T,quati cns

Test f or l-eacl; ile at about a test tube cf water tc
boiling rlna pcLrr it through the rcsicrues remaining on the
filter paper. Since lead chforíce ís soluble in hot
w¡iter it wi11, if prusent,pass ttrrough the f ilter- Test
the f iltrate with a few uiI. of pot. c,ichrcu¿rte solution.

õ.Observe.tioTts.. ..... .....

4.Equations ^.... ....r.....
lest for mercurous ions Pour a few mI. cf ammonium

hycroxioe on the precipitate reûrÉ. ining on the f Ílter
papcr. Notc change in ap¡rearance.This is caused by a
complex ammonium mercurous icn. Save the filtrate.
5 . O-oserva ti on

Test for silver ir:n: To the filtrate frcm the preced-
ing step add nitric a cicì, a littl-e at a time, till the
oicur of ammcnia is gcne.Observe change in appearance.

6.Observaticn ... r. . r...........
NOTE: If time permits,your instr'uctcr will- give you an
unknown sample that may contain cne,twc,or three of the
r¡etal- icns just testec. using the steps above , criscüver
what kind r.¡f ions are present in the solution.
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-Ttrnay 
be-lelileabl-e to perf orn th.se as teacher

d.ero.onstratíons. Each process involves about a period
of laboratory vr¡crk

Ostwald lrc¡cess: the oxidation of aumc;nia in the presence
õf pfatlnum as a catalyst. ji'ake a ccil with lt inches
of NJ.22 ptatinum rnrÍre by winciing it arouno il pencil B

times and bending the tv¡c ends so that the coil may be
helo horizcntalty in a beaker with its two ends ht¡okeo
over the sicles" In a 250 ml. beaker place encugh conc-
ammcnium hycroxíde so th¿rt the platinr,rm wire vrill liang
down ín the beaker 1+ inchçs.-anÓ stil-l be ].inch from) tlre
sufïa õö óf - tñe-- Ii[ulõ " 

-Hea t - the p1a tinum ccil t r: a
bright cherry red and inmediately place it in the_positíon
d.esõribeci.Coúer top of beaker with a wire geuze. The
coÍi shouLd rcme.in glcvuitrt,ås the reaction is.exothermic.
Careful- observation will show white fumes just above
the liquio surface . this is evicl ence cf nitric acici beíng
formed and reactine with ammcnia to form amnonium nitrabe
snoke.
I.Ec¿uations .. ¿. r. o à.. r,. r '

Soly<fP¡gçers_i the crmmercial methoa cf na.king scdium
bicarbonate cr scdium carbonate" I'it a large one-Iiter
conta ine r wi th a two-holed s t opper r,':)rùügh whi ch pe s ses
a right-angled glass tubÍng that exr"encis to the bcttom
of tñe bottle . Place in thé bottle 42 grrs. (rough balance )of sodium chlorjuq;add_to this 100 nnJ.(graduatg) ofconc. asmonium hyoroxioe ano an equal ãù'ount of -water.
Stcpper the bottle r*rrcl shake eentLv tilI the scdium
chl-õiÍoe is oissolvecl. If necõssarf add mcre ammonùSm
hydroxiae till the s oclium chl or icie is Cissol-veci in the
least emcunt c¡f afinoniuui hyorox:ù.ae. Nolv connect the
þlass tube wÍth a J-ong piece of rubber tubing ro a COZ
generator. Lif t the rubber stopper ano tubing i.¡ut ,.¡f the
bot tle far e ncugh s o that the lower uncr of the tube i sjust abcve the lit¿uic surf ace ín the bc¡tt le . Generate AOZ
and pass it in the bottle to fill it,Now lcwer the stopper
anù tubing in place,so that the tube extencs below the
liquio surface. Continue bui,bling COZ thr';ugh the líquici
f or abc¡ut hal f an ho'ur.r,shai<ing the bottle every few
rninutes to thor cughJ-y agita te the liquiä cr:ntents , The
sooium bicarbcnate formed will gradualì-y precipitate out.
l.Equaticn ....o ..).,.a.I


