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AAFbl CO3

>KapaTbIAbICTaAHY FbIABIMAAPbI KbI3bIKTbI, 9P1 TApTbIMAbI MOHAEP. ByA
OKVYAbIK Ci3re FbIAbIM 9AEMIHIH 6apLua CYAYAbIFbl MEH »XaCblPblH
KYMUAAQPbIH NaLl eTyre >XaHe Ci3AIH LblHAaWbl 3epTTeyLLIAIK
KabIAEeTIHI3AIH aLUbIAYbIHA XOA CIATENAI. OKYAbIKTbIH 6ACTbl MakKcaTbl
«FbIABIM He VLUIH Ka>eT >XoHe aAFaH DOIAIMAI ©MIPIMI3AIH Kall CaAaCbliHAA
KOAAQHAMbI3?» AereH TopIi3Al KYPAEAI CYypaKTapFra Xayan I3AeNAL.

OKYAbIKTbIH aAFALLUKbl 6eTTepiHeH-aK Ci3 ©3iHi3re YMpeHLiKTi 60AFaH
Teopunsa MeH TYPAI POPMYyAaAaPAbl KAMTUTbIH KapanamblM MaTIHAEPAEH
KYpanFaH 6acka OKYAbIKTApPAAH ©3reLue eKeHAIriH aHFapa TYCcecis.
Opb6Ip Tapay 6epiAreH TakblpbINTapAblH aACbIH KAMTUTbIH Kbl3bIKThbl
AEPEKTEP MEH aKMapaTTapAaH, XXeKe >XoHe TOMNTbIK Y>XKbIMAA OpPblHAAYFaA
apHaAFaH TamncblpMaAap >XMHarbiHaH Typaabl. COHAaN-aK, Ci3 TYPAI
TOXIPUOEAIK XKYMbICTap MeH 3epPTTEeYAEPAI XKacayFa, TYPAI aknapaTTap
MEH AEpPEeKTEPAI I3AEM TaybIM, OAAPFa capanTaMa Xacay apKblAbl 63IHAIK
Aepbec XaHaAbIKTapblHbI3AbI alLlyFa MallblKTaHaCbI3.

BepiAreH oKyAbIKTblH DacKaAapAaH €peKLUEAIri - OHbIH KOMNTIAAIAIFTHAEC.
AAFaLLKbl 6beTTepAEH-aK, Ci3 MaTepMaAAaPAbIH aHa TIAIHEH BeAek,
XaAbIKapPaAbIK FbIAbIM TiAI - QFbIALLbIH TIAIHAE 6epiAreHiH 6banKancbl3.
OKVYAbIKTbIH 2pbip LWebiHEH Ci3 HEri3ri TepPMUHAEPAIH ayAapMaAapblH
VL TIAAE: Ka3aK, OPbIC YXOHeE afbIALLIbIH TIAAEPIHAE Taba aAachi3.
BipTiIHAEN aFbIALLBIH TIAIHAErM CO3AEP MEH COMAEMAEP CaHbl apTbln,
OKVYAbIKTbIH, COHFbIl YXaFblHAAFbl MAaTEPUAANAAPADBIH BAacbIM BOAIri
afblALWbIH TIAIHAE BepineTiH BoAaAbl.

ByA aPKbIAbI Ci3 aFbIALUbIH TIiAIHI3AI )KeTI/\,A,IpII'I KaHa KOMMaM FbIABbIM
9AEMIHAETI LLUEeKCIi3 XXaHAAbIKTAaPp MeH XeTICTIKTepre Kapan KapaM
©acachbls.

OKYAbIKTbIH KYPbIAbIMbIMEH MYKUAT TYPAE TaHbICbIHbI3. Kasipri
TaHAAFbl OKYAbIKTAP aAFbl3 aKknapaT Ke3i 60AbIN TabblIAMaUTbIHAbIFbIH
eCTe CaKTaHbI3.

Cisre XXI| FracblipAblH AAFAbIAAPbIH, AFHUN CbIHU TYPFblAQH OMAAY,
LLblIFAPMaLLbIAbIK KabiAeTTI AQMbITY, KUAAAQY, TOMMEH XXYMbIC »acay,
CaHAbIK CayaTTbIAbIK XXoHe T.6. KabiAeTTepiHi3Al AaMbITyFa baFblTTaAfFaH
KeH KOAEMAEri TarncbipMaAapFra 6emnmiMAEAIN, YUPEHYTre Typa KeAA.

Erep Cizpae OKYAbIKTbIH Ma3MYHbl MEH KYPbIAbIMbl OOMbIHLLA TYbIHAQFAH
CYpPaKTapblHbl3 6€H YCbIHbICTapPbIHbI3 6ap BOACa, ToMeHAEer banMAaHbIC
KYPAAAAPbI aPKblAbl 6i3re >XOAAAYAQPbIHbI3AbI CYPANMbI3:

- DAEKTPOHAbI MOYTa:

info@astanakitap.kz



- telegram KocbIMLLACDI:
@astanakitap
KypMeTneH,

“AcTaHa-KiTan” aBTOPAbIK Y>KbIMbI



CHAPTER 1

HEAT PHENOMENA

1.1 MOTION OF ATOMS AND MOLECULES
1.2 TEMPERATURE AND INTERNAL ENERGY
1.3 HEAT TRANSFER

1.4 APPLICATION OF HEAT TRANSFER
1.5 SPECIFIC HEAT CAPACITY

1.6 HEAT OF COMBUSTION

1.7 HEAT EXCHANGE

LAB WORK'1

SUMMARY

PROBLEMS




1.1 MOTION OF ATOMS AND
MOLECULES

YOU WILL:

e describe experimental proofs and show examples of Molecular

=
i

Kinetic Theory.
D
| :}1
10M |
= [

QUESTION:
‘l T

Azamat uses air freshener, Ruslan stands 10 meters away from Azamat

and measures time when he starts to feel the smell.

1. What may the measured time be?
2. The speed of freshener molecules is about 600 m/s. Why does the
smell reach Ruslan slowly?

BPOYHADbIK KO3FAADbIC

1827 >XblAbl 60TaHUK PobepT BpoyH TO3aH TYMIPLUIKTEPIH CYyFa CaAbIm,
OAAPAbIH KO3FAaAbICbIH MUKPOCKOM apKblAbl 3epTTereH. TYMIpLIKTEPAIH
TepOeAICiH Kepimn, Cy MOAEKYAAAApPbl KO3FaAaTbIHbIH aHbIKTanAbl. Cy
MOAEKYAAAAPbl PETCIi3 KO3FAAFAHAbBIKTAH, TYMIPLUIKTEPre COKTbIFbICbIM,
PEeTCIi3 TepbeAicTepAl TyAblpaabl, Figure 1. KemiHeH ocbl TepbeAicTep
"OPOYHADBIK KO3FaAbIC" A€M aTaAaTbiH OOAADI.



Figure 1. Water molecules hit pollen. This causes Brownian motion of pollen particle.

ANDDY 3UA

AN, eHAl MblHa MbICaAFa Ha3ap ayaAapanblK. CYAbIH iLLiHE CUKA TaMbl3CaKk,
CU4a Cy iWiHAe TapaAa bacTtanabl, Figure 2. Cebebi, cy MOAEKYAAAapPbI
9PAAVMDBbIM KO3FaAbICTa OOAbIMN, CUA MOAEKYAAAAPbIMEH COKTbIFbICaAbI.

Figure 2



bynnait KyObUTBICTBI, SIFHU €K1 3aTThIH MOJICKYIIAJIapbIHBIH 01p-01piMeH apasiachli, OipiHe-
0ipi eTyl KyObUIbICHIH U Py3us aen araitMbi3. Auddysus KyObUIBICH ra3apaa Jia OpblH
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ANDPYy3naHbIiH 6acTbl 2 KacUeTi:

1. MoAeKyAaAap >XOFapbl KOHLEHTPALMAAAH @3 MOALLEPAI
KOHLIeHTpaumnsa 6arblTbiIHAQ KO3FAaAAAbDI,

2. TeMnepaTypa >XOoFapAaFaH carblH ANDPY3UA XKbIAAAMADBIFbI Ad
apTaAbl.

MOAEKYAAADbIK-KUHETUKAADIK TEOPUA

AMHaAaMbI3AaFbl DAPAbIK AEHEAEep oTe Killi OOALLEeKTEPAEH KYPAaAaAbI.

OAapAbl aTOMAAP MEH MOAEKYAAAApP Aen aTanMbl3. OCbl OOALLEKTEPAIH
KO3FaAbICblH- MOAEKYAAAbI-KUHETUKAADBIK TEOPUSA 3EPTTENAI.
BoeALlleKTepAIH KO3FAAbICbl Y3AIKCI3 OOAFaHbI VLLUIH "KWHETUKAADbIK'" CO3i
KOAAAHbIAAADI.

BeAlleKTepAiH KO3FAaAbICbl TeMNepaTypaMeH TikeAer 6anmAaHbICTbl.



BYA >XbIAYABIK KO3FaAbIC A€M aTaAaAbl. TeMnepaTypa XXoFapAarFaH
CaVblH BOALLEKTEPAIH YXXbIAAAMADBIFbI Aa apTaAbl.

MOAEKYAAAbI-KUHETUKAAbBIK TEOPUAHBIH 6aCTbl VLU KaFnAaChl:

1. BapAbIK AeHeAep KilLKeHTan 6eALIeKTePAEH KYPAAAADI.
2. beALwleKkTep peTcCi3 »KaHe Y3AIKCI3 KO3FaAaAbl.
3. beAlwlekTep e3apa acepAaeceA..

YKbIAy 6epy, 6POYHADBIK KO3FAAbIC YXaHe AP DY3MA MOAEKYAAAbI-
KUHETUKAABIK TEOPUAHbIH TaXXKipnbeAik AoAeAi 6OAbIN TabblAaAbI.

EXAMPLE

Kancbicbl pnddy3mara >aTaabl?

blCcTbIK CyAbIH ILWIHAEr LWWan KaATallachl.
LLlanablH iLWIHAETT KaHT.

BeAMeaeri LuaMHbIH >XapKblpayhbl.

Cy iwiHAEri TUbIH.

Bip KaTapaAafbl apaMAaap.

PPN

Answer: 1,2

FACT

Perfume stores have coffee beans. It is because trying many perfumes
dulls your smelling ability. However, coffee beans help to refresh smelling

ability.

ACTIVITY

1. How do molecules of meal reach your nose? Which meal will
produce a stronger smell, hot or cold? Why?

2. Draw a path of air freshener molecule that reaches Ruslan first. Use

the answers that you have given before.

ART TIME

Make a model of a water molecule and explain it to your parents,
teachers and friends.



LITERACY

2
3.
4

. BpoOyHAbBIK KO3FaAbICTa TO3aHAAP He cebenTi Ko3FaAaAabl?

BeALLeKTep bICTbIK CYAA YXOHe CYbIK CyAa KaAal KO3FaAaAbl?

. Ty3 CyblK CyFa KapafaHAAa bICTbIK CyAa Te3ipek epuai. He cebenTi?

CybIK ayaAa Mic Here Hawlap cesineai?

. feAnn WapAapbl YakblT ©TKEH CaWblH Here Killipeneai?

IT-LINK

Go to phet.colorado.edu and search Brownian motion.

TERMINOLOGY

invisible - kepiH6GEeNTIH / HEBUAUMDBIN

random - Ke3AencoK / CAy4YarHbIN

pollen grain - To3aH / NblAbLa

consist of - KypaAaAbl / COCTOATb U3
constant - TypakTbl / MOCTOAHHbIW

to interact - acepaecy / B3aMMOAENCTBOBaTb



1.2 TEMPERATURE AND INTERNAL
ENERGY

YOU WILL:

e - describe the usage of thermal expansion in temperature
measurement;

e - use different temperature scales (Kelvin, Celsius);

e - describe ways of changing of internal energy.

QUESTION:

Figure 1

Alikhan conducts an experiment. He puts sugar cubes into tea but does
NOT mix them. After several minutes, he looks at sugar cubes (Figure 1).

Discuss the following questions.
a) How do the shapes of sugar cubes change?
b) Why do the shapes change?

¢) In which cup does the cubes’ shape change faster?

TEMIMEPATYPA

3aTTbl KbI3AbIPFAaH aFAaMAA OHbIH TeMMepaTypPaChl XXOFapAaNAbI.



ByA MOAEKYAAAAPADBIH XbIAAGMABIKTAPbIH apTTbhipaAbl. AA XbIAAAMADIK
APTKAHAQ MOAEKYAAAAPAbIH apaKaLlLUbIKTbIFbl apPTbIM, KaTTbl AEHEHIH
KeAeMi yAFaaabl, Figure 2.
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AeHe TeMnepaTypacblH 6ALLeYre apHaAFaH KYpaA TEPMOMETP Aen
aTaAaAbl.

Kes KeAreH cymbiKTbl KbI3AbIPFAH Ke3AE OHbIH KOAEMi YAFaaabl. Kenbip
CYMbIKTapAA YAFalo KebipeK banKaAFaHAbIKTaH, OAAPAbl KOAAAHDIMN
TepMOMeETp »acayfFa 6oAaabl. MbiCaAbl, CMUPT MeH cbiHamn. CblHaMTbIH,
TYCi cyp BOAFAHAbBIKTAH, OHbIH TEPMOMeTpP baFaHaCbIHAAFbl YAFAObI
Ke3re >aKCbl KepiHeAl. AA, CMUPT TYCCi3 CYMbIK ODOAFAHADBIKTAH, Ke3re
aHbIK KOPiHYi YLIiH KbI3bIA TYCKe BosAaabl, Figure 3.
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Figure 3

TemnepaTypa LeAbcnin wkanacbiMeH (°C) eALLeHeAl. BYA LLKaAa CyAblH
KaTy XXOHe KanHay TeMnepaTypaAapbiHa HEMIBAEAEAI.

Cy Ueabcum wkanacbl 6ombiHwa O rpaaycta (0°C) kaTbin, 100 rpaaycTa
(100°C) kamHaumabl. Ocbl eKki TeMnepaTypa apaAbiFbiH 6ipaen 100
bonikke BeAncek, ap beAik 1 rpaayc Lleabcumnre cemkec keaeai, Figure 4.



) —

I —

L—

Figure 4

ODAEMAETI eH TeMeH TeMnepaTypa -273°C. OHbl "abCoOAIOT HOAI" aAen
aTanabl. ByA KeAbBMH LLKAAACbIHbIH KOAAAHbBIAYbIHbIH HEri3ri ceb6ebi.

KeAbBMH LLIKAAACbl TEK FbIAbIMU CaAaAapAa FaHa KOAAAQHbIAAADI.



ILLUKI 9HEPIU4A

TeMnepaTypa aTOMAAP XXOHE MOAEKYAAAAPADIH XXbIAAAMAbIFbIHA
Tikenem 6anmAaHbICTbl. AeMeK, TeMMepaTypa aToOMAAP MeH
MOAEKYAAAAPAbIH KWHETUKAADBIK SHEPIUACbIHA TOYEAAI A€M anTa
aAaMbI3. ATOMAAP MeH MOAEKYAAAAPADBIH KUHETUKAABIK
SHEPrnaAapbliHblH KOCbIHAbBICbl 3aTTblH ILLUKI SHEPIrMACbIHA TEH;

DISCUSSION

a) LleAbCri LUKaAaCbIHAA CYAbIH KaTy »XoHe KarHay HYKTeCI He YLUiH
KOAAAHbIAAADI?

b) TeMnepaTypa TOMEHAEreHAE aTOM YKOHE MOAEKYAAAaPAbIH

XXbIAAAMABIKTaPbl TOMEeHAENAL. EH TeMeH TeMnepaTypasa aTOMAAP MeH
MOAEKYAAAAPAbIH KO3FAaAbICbl KAHAAN BOAYbI MYMKIH?

DISCUSSION

This boy shakes a bottle of water. Does the speed of water molecules
increase or decrease? How does it affect average kinetic energy? Does
the temperature increase or decrease? Why? How does internal energy
of water in the bottle change?

ACTIVITY




Centre of the Sun
Surface of the Sun

Light bulb filament

Fire

Human body

Freezing point of water
Freezing point of mercury
Absolute zero

KeATipiAreH TeMnepaTyparapAbl KeCTere TOATbIPbIMN, COMKECTEHAIPIHIS.

2800°C, 900°C, -273°C, 15000000°C, 36.6°C, -37°C, 6000°C, O°C.

EXAMPLE

Aya TemnepaTypacbl 25°C 60Aca, KeAbBMH LLKaAaCbl 60OMbIHLLA
TeMnepaTypa Here TeH?

Popmyaa: T(K) = 273 + T(°C)
LewimMi: K=25+ 273 =298 K

>Kayabbi: TeMmnepaTypa 298 K.

FACT

The forehead thermometer has a heat-sensitive strip inside. The heat-



sensitive strip can change its colour. The colour on the strip indicates the
temperature.

LITERACY

1. 50°C TeMniepaTypapafbl Cy aAaMFfa Here bICTbIK ce3ineail? AA, 10°C
TeMnepaTypaAsafbl Cy apAaMfa Here CyblK ce3IAeAl? bICTbIK HeEMece
CYbIKTbIH Ce3iAYI DI3AIH AEHEMI3AIH TeMNepaTypacbiHa OAaNMAAHbICTbI
Ma?

2. Kancbicbl My3abl Kebipek epiTeai: TeMnepaTypacbl 70°C, Maccachl
100 r cy HeMece TeMnepaTypacbl 20°C, maccacbl 100 r cy Mma? He
cebenTi?

3. 600 K TeMniepaTypaparbl 1 Kr TeMIpPAIH IWKI aHeprunacbl 300 K
TeMnepaTypaaparbl 1 KM TeMIpAEH eKi ece apTbiK. He cebenTi? 300 K
TeMnepaTypaAafrbl 2 KI TEMIPAIH IWKiI aHepruacol, 300 K
TeMnepaTypaaarbl 1 KM TeMipre KaparaHAa eKi ece kern. He yLwiH?

4. KecCcTeHi TOATbIPbIHbI3.

300 K SRR 1
36.6°C | K
101018 O
19 K cevereneneennnnnes °C

ART TIME

”TeMrlepaTypa” HblH CYPEeTIH CaAblHbI3 YXOHe Ae 63IHI3,A,II-|, aTa-aHaHbI3Fa,
MYFaAIMAEPIHI3re >xoHe AOCTapPbIHbI3Fa KOPCETIHI3.

TERMINOLOGY

e to increase - kebeto / yBeAnyeHume
e to decrease - a3ato / yMeHbLUEHME
e to expand - yAFato / paclumpeHume



mercury - cblHan / pTyTb
colourless - Tycci3 / 6ecuBeTHbIN
scale - wkana / WKaAa

bulb filament - BoAbdpam

»Kibi / HATb HaKaAUBaHUS



1.3 HEAT TRANSFER

YOU WILL:

e - compare different types heat transfer.

QUESTION

Look at pictures and answer the question. Explain your answers.

Why do fire-fighters wear shiny suits?

Which of the palms feel more heat? Why?



Which spoon is better to use? Why?



XbIAY TACbIMAADI

XKbIAy Bip XXepaeH bacKa »kepre TacbIAMaAnpAaHa anapsbl. XKbIAY
TaCbIMAAbIHbIH VLU TYPi 6ap: >XbIAYOTKI3IILUTIK, KOHBEKLNSA XXOHE CoyAe
LbiFapy. CypeTTepAe MblCaAAaP KepCeTIAreH, Figure 1.

il '

Figure |



XKbIAYOTKI3IWTIK AE'EH HE?

KbIAYOTKISMILLTIK A€M KaTTbl AEHEAEPAET XXbIAY 3HEPrMACbIHbIH
TaCbIMaAblH aTamMbl3. XKbIAY 3HEPIUACHI KAaTTbl AEHEHIH bICTbIK

OoeALLeKTEpPI CyblK DOALLEKTEPIHE COKTbIFbICYbl apPKblAbl 6bepiaeai, Figure
2.
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heat transfer

Figure Z

MeTaAAaPAbIH YXXbIAYSTKI3FILUTICI )XOFapbl 6OAaAbl, COHABIKTaH OAAP
YXbIAY 9HEPIUACHIH XXaKCbl TaCbiIMaApAaAbL. MbICaAbl, TEMIP, MbIC,
AAIOMUHUNN >KOHE KYMIC. ByAap YbIAYSTKI3riLL MaTepnaApaap Aen
aTaAaAbl.

AN, aFall, aMHeK, KaFas, aya, MAACTUK CUAKTbI 3aTTapAbIH
SKbIAYOTKI3FILUTIr TOMEH, 6MTKEHi OAapP >XbIAYAbI HaLLAP TaCbiIMaAAAWADI.

ByAapabl OKLIayAaFbill MaTepuassap Aen aTanmbls. OKLLaYAaFbiLL
MaTepunanpapAbl KYHACAIKTI eMipae SpTYPAI MakKcaTTapAa KOAAAHAMbI3.

MblICaAbl, KOAbIMbI3 KYUMeEYI YLUIH LUONHEKTIH TYTKACbl MAQCTUKTEH
»acanapbl. OKLLAYAaFbILL MaTeEPMAAAAPADI XXbIAY CaKTay YLUIH A€
KOAAAHYFa 6oAaabl. Mbicaabl, TEpPMOC HEMeCe TOHA3bITKbIW, Figure 3 a.



Flgure 3

BeAMeaeri Kes KeAreH arall NeH MeTaAA 3aTTapAbIH TeMnepaTypachl
bipaen 60/\FaH_bIMeH, METAAA 3aTTap CYbIKTay ce3iAeTiHIiH banKaAblHbI3
6a? He cebenTi?

KOHBEKUWNA AEMEHIMI3 HE?

KoHBeKLUNSA Aen >XXbIAY 3HEPIrUACbIHbIH CYMbIKTbIH HEMECe ra3AblH afblHbI
APKbIAbl TapaAyblH anTaMbl3. BYyA >Xaraamaa MOAEKYAAAAP
TeMNepaTypachl XXOFapbl XXEPAEH TeMMepaTypacbl TOMEH XepAepre
KO3FaAY apKblAbl XXbIAYyAbl TaCbiIMaApAanAbL, Figure 4. KOHBeKUMSA OpblH
aAy VLUIH CYMbIKTbIK HEMEcCe ra3sablH 6OAYbl MIHAETTI.



Convection of air in the room

Figure 4

COYAE LLUbIFAPY AEIEH HE?

CoyAe WbIFapy Ke3IHAE >XbIAY SHEPIrUAChbl SAEKTPOMArHUTTIK
TOAKbIHAQP apKblAbl TaCbiIMaAAaHaAbl. CayAe LblFapy eLlKkaHaAaum
OpTaHbl KaXXeT enTenail. MbicaAbl, XXbIAy KyHHeEH >Kepre AeniH cayae
LLUbIFAPY apKblAbl XXeTeal, Figure 5. Ananaa, >Kep meH KyHHIH apacbliHAA
"elKaHAAN" OpTa >KOK.



Figure 5

Kapa TycTi 3aTTap paanaumsaHbl (COYAE LUbIFapYAbl) >XXaKcCbl
Kabbinpanabl. COA cebenTi, XXa3Aa Kapa TYCTI KUMIM apAaMAbl TEPAETEA.

AK >XOHE >XaATblpaFbILL 3aTTap COYAEHI LLaFbIAABIPbLIM Kepi KanTapaAbl.

CoOA cebenTi, epT COHAIPYLUIAEP aKLUbIA KMiM KMneail. OA bICTbIKTaH
KOpFanabl.

ACTIVITY

conduction

...............................................................................................

convection

...............................................................................................

radiation

Write down at least 2 examples for conduction, convection & radiation.

ACTIVITY

Discuss in groups which types of heat transfer these examples have.

1. Sun warming your face.



Switched on lamp.

A metal spoon in hot water.
Heat from a fi re.

Radiator.

Ice on a sunny, windy day.
Vapour from the cup of tea.
Hair dryer.

RESEARCH TIME

XN A WDN

AK >XOHe Kapa TYCTI €Ki KYTbIHbl CyFa TOATbIPbIMN KYH K&3iHEe KOMbIHbI3, 1-
2 cafFaTTaH COH TeMMepaTypPaAaPbIH ©ALLEHIS.

LITERACY

1. OTTbIH TYTiHI He cebenTi >XOoFapbl KeTepiAeAi?



KVYHHIH K©3i KOAeHKere KaparaHAa Here bICTbIFblpak?

bICTbIK LUBMHEKTI YCTaFaH KE3AE Here >XbIAYAbl ce3eMi3?
>Ka3fbl KYHAEPI Here akTYCTI KMIMAEPAT KUTeH »XaKCblpak?
Here 6aTapeanap kebiHece Tepe3eHiH aCcTbiIHA OPHATbIAAAbI?
YKbIAY aAMACyAbIH TYPAEPIH aTOMAAPAbIH KO3FaAbICbl apPKbIAbI
TYCIHAIPIHI3.

Figure 6 »XblAYy TacbIMaAblHbIH MOAEAI BOAbIN TabbiAaabl. He
cebenTi?
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Figure b
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ART TIME

"XKbIAYyOTKI3FILUTIK, KOHBEKLINSA YXOHE COyAe LUbIFapy” TYPaAbl OAeH
LUblFapblHbl3. LLbiFapraH eAeHIHI3AI aTa-aHaHbI3Fa, MYFaAIMAEpPIHI3re
KOHE AOCTapbIHbI3Fa WbipKan 6bepiHi3.

FACT

OCIMAIK Malbl XXbIAY SHEPrNACbIHbIH BIPKEAKI TapaAyblHa KEMEKTECEA|.
COHAbIKTaH, TaMak MICIpyAe 6CIMAIK Manbl >XWi KOAAQHbIAAADI.

TERMINOLOGY

e collision - cokTbIFbIC / coypaapeHue
e to prevent - 6oaabipMay / NPEAOTBPATUTD
e fluid - ra3 HemMece cyMbIKTbIK / ra3 UAU XXUAKOCTb



e to absorb - ciHipy / BNUTbIBaTb
e to reflect - wWarbiAbICY / OTpaXxaTb
e radiator - 6baTapea / baTapes



1.4 APPLICATION OF HEAT
TRANSFER

YOU WILL:

o - tell examples of heat transfer in daily life and industry;
o - tell examples of adaptation of living organisms to different
temperatures.

QUESTION

Figure 1

Why do plastic windows, Figure 1, have layers and empty spaces? What
may happen if we use only one layer of glass?

APPLICATION OF HEAT TRANSFER

YKbIAYAbI CaKkTay YLUiH OKLLUAYAaFbILL MaTepnarAapAbl KOAAAHFAH >KOH.



MbICaAbl, aya - »XaKCbl OKLLAYAafblILL MaTepunan. Kembip >xaHyapAapAbIH
Tepici HeMece KayblpCbiHbl KaAblH 6oAaabl, Figure 2.

Figure 2

ONTKEHI Tepi KaHLLAAbIKTbl KaAblH OOACA, COHLUAAbIKTbl Kebipek aya
yCTan, XXaHyapAapAblH CYybIKKa KapCbl TO3IMAIAIFIH apTTblpaAbl.

EpTepekTe aTaAnapbIMbI3 ayaHblH OCbl KacMeTiH BOiAin, KNi3beH Kni3
VMAEpPIH KanTaraH, Figure 3.
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Figure 3

AN, Ka3ipri YakbITTa KYPbIAbICLUbIAGP FUMapAaTTap >XblAbl OOAYbI YLLUIH
TYPAI OKLLAYyAAFblLL MaTepmrarpAapAbl KOAAAHaAbBL, Figure 4 .

ouble glazing
win

plastic foam
cantains air

wallpaper
contains
air

Figure 4

MaTepuaAAbiH TYCi A€ XXbIAY BepinyiHe acep eTeal. MbiCaAbl, MyHaw
LMCTepHAaAapbl aKk HeMece allublK TycneH 6oanaabl, Figure 5. Cebebi,
ALLbIK TYC >XapPblKTbl YXaKCbl LLUAFbIAAbIPbIM, LMCTEPHAAAP KAaTThl
Kbl36anAbl.



Figure 5

AN, KepICiHLLe, XXbIAY OEpPIiAYiH >XbIAAAMAATY YLUIH He icTeyre 60Aaabl?

OFfaH MbICaA peTiHAE TOHAa3bITKbIL apTbIHAAFblI PaAMATOP MEeH
KOMMbOTEP ILLIHAET CAAKbIHAATKbILLTbI KEATIpCEK 6oAaAbl, Figure 6 .
BYA KYPbIAFBIAGP XXbIAY aAMACYAbl TE3AETEA.

Figure b

ACTIVITY

YNAepAi >XxoHe FMMapaTTapAbl XXbIAbITYAbIH OipHeLlle >XOAbl 6ap. BapAbik
YXbIABITY XXYMNEAEPI XXbIAYSTKISMILUTIK, KOHBEKLMSA YXOHE COYAEAEHYAI
KOAAAHAADL XKbIAbITY XXyMNeAepiHAe Oy, XXbIAbl aya XXaHe bICTbIK CYy

KOAAQHbIAAAbLIL. BaTapesaAap AaAa CybiCa Here TOKTaMawm icTen Typybl
Kepek?



Entrance

BeAimM 1.

JHepruaHbl ecentey

ByA 6ip ynaiH cbizbacbl. BeAMeaepAiH ayAaHbl CypeTTe KepCeTIAreH.
KbI3bIA ODAOKTAp Tepe3enep. Op Tepe3eHiH acTbiHAa Oip paanaTopAaH
opHanackaH. PapmaTtopaap 1 M? aypaHFa 55 BaTT KyaT eHAIPeA,.

a) Op BeAMeae PpaAMaATOPAAPADBIH OHAIPETIH TOAbIK KyaTblH ecCenTeHis.
BYKIA ynaeri 6apAbiK PaanaTOPAAPAbIH OHAIPETIH TOAbIK KyaTbIH
aHbIKTaHbI3.

9) YnAIH Kan beAMeci caAKbiHAaY Bbonaabl? CebebiH TYCIHAIPIHI3.
Beaim 2.

YKbIAY aHepPrmsacbiHbiH TyOipTeri

a) BYA VMAIH 3Heprusa LWblFbiHbIHbIH Tapudi anAblk 1 M? ayaaHFa 192.38
Tr KYpanAabl. 1am YLLiH XXoHe 6 al YLUIH >XbIAY SHEPIrUACbIHbIH TYbipTEeriH
ecenTeHis.

9) BbeAiM l.a.-HblH MBAIMETIH NanAaAaHbIn, 1 anAafrbl XXYMCAAFaH >XbIAY
SHEPrnacbliH ecenTeHis.

(1 anm = 30 KyH, 1 KYH = 24 cafaT, 1 caraT = 3600 cekyHA)

6) XKbIAY aHeprmsaHbiH 1 A>KOYAIHIH KYHbIH aHbIKTaHbI3.



BeAiMm 3. CbI3y
a) ©3 YMNIHI3AIH Cbi36aCblH CaAblHbI3. OpP O6AMEHIH ayAaHbIH >Xa3blHbl3.
9) YniHi3aeri 6apAbliK PpaAnaTOPAAPAbIH TOAbIK KYATbiH €CenTeH,is.

6) 1 alAbIH XXbIAY 3HEPr1acbiHbIH TYBipTeriH ecenTen LWbIFapblHbI3.

FACT
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Desert fox
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LLI®A TYAKICIHIH KYAAKTapbl YAKEH BoAaabl. BYA oAapFa AeHecCiH CaAKbIH
YCTayFa KeMeKTeceA|l.



RESEARCH TIME

-

+—— 7 cm

Draw a spiral on a piece of paper. Cut it out. Attach it to a thread. Put it
over a lamp or a radiator and observe what happens.

RESEARCH TIME

Draw poster about sea breeze and land breeze. Explain why they occur.

LITERACY

1. HeAikTeH >opFaAayLwblAap (OKblAaHAQP, TacbakaAap,
KOATbIPaybIHAAP, KecipTkeAep) COATYCTIK MOAKCTI MEKEHAEMENAI?

2. YKopFaAayLbIAap KYHIe >XblIAbIHYbIHbIH cebebi KaHpaan? ByA >XXbIAy
aAMacCyAblH KaHAaW Typi?

3. CybIK >XeA nHAeKCi: XKbiIApaMAbIFbl 1 M/C KeA aya TeMnepaTypacblH
2°C TeMeHAaeTeAl. AanaHblH TeMnepaTypachl -30°C >xoHe Ae XEeAAIH
>KbIAAAMADBIFbI 5 M/C BOACA, ce3ineTiH TeMnepaTypaHbl TabblHbI3.
AAaMAQP CYbIK XXEA MHAEKCIH He YVLUIH KOAAAQHAADBI? BYA >XXbIAY
aAMACYAbIH KaHAaW Typi?

4. TepMOMETPAI KaAblH >XYHMEH Oopan TacTaca, OHblH KepCceTKIiLli KaAan
e3repeai?

ART TIME

What materials would you use to make a good thermos? Make a
thermos (vacuum flask) and show it to your parents, teachers and
friends.

TERMINOLOGY




to reduce - a3zanTy / YMeHbLUaTb

steam - 6y / nap

to bask in the sun - KyHre >bIAbIHY / rpeTbCca NoA COAHLEM

wind chill index - >xeA CybIKTbIFbl KepPCceTKiLli / BETPO-XOAOAOBOWM
NMHAEKC



1.5 SPECIFIC HEAT CAPACITY

YOU WILL:

e - determine heat lost and heat given during heat transfer;
e - explain physical meaning of specific heat capacity.

QUESTION

LLI
During the day the Sun heats the beach and the lake equally. Why water

is warm and sand is cold after sunset? Which one stores more heat?
What is the best time for swimming? Explain your answers.

SPECIFIC HEAT CAPACITY

KbIAY - aHeprusaHblH 6ip TYpi. OHbIH eALLeM BipAiri - A>koyAab. Kes
KEATEH AEHEHIH TeMMepaTypacbiH apTTbIpyFa KEPEKTI XXbIAY MOALLEDPI
VLU napameTpre 6amAaHbICTbI:

1. AEHE MACCACDI

Maccacbl YAKEH AEHEAEPAI KbISABIPY VLUIH KOOipeK XbIAY Ka>KeT.

MblcaAbl, 1 K CyAblH TeMniepaTypacbiH 2°C-Ka apTTbipy YwWiH 8400 AXK



YXbIAY dHEPrundachbl Kepek. AA, 2 K CYAbl ADA COAaAN XbIAbITY VLUiH 16800
AXK XKbIAY SHEPIUACHI KEPEK.

2. AEHE MATEPUAADIHbIH TYPI

1 Kr TeMipal 1°C-Ka Kbi3ablpyFa 460 AXX keTeal. AA, TKr cyabl 1°CKa
Kbi3ablpcak, 4200 AXK >XbIAY aHepruacbl keteai. Cebebi, cy MeH TeMip
APTYPAI bealekTepAeH (AaTOMAQP XXOHE MOAEKYAAAAP) KYPAAFaH.

Kes keAreH 1Kr 3aTTbiH TeMnepaTypacbiH 1°C-Ka apTTbipy YLUIH KaXKeTTi
3HEPrmnsa MeALLEpI 3aTTblH MEHLUIKTI XXbIAYCbIMbIMAbBIAbIFbI A€M aTAaAAAbI.
ByA WaMa [c] sprniMeH BeArineHeAl >kaHe eALlleM BipAiri [AX/kreC]
BoAaAbl.

MblicaAbl, c_cy = 4200 A>k/kr°C, c_TeMip = 460 Axk/kr°C. 3aTTbIH
MEHLUIKTI YXbIAYCbIMbIMABIAbIFbl YXOFaPbl OOAFAH CalblH OHbIl >XbIAbITY
VLIiH KebipeK aHeprmnsa KakeT 6oAaAbl. MbiCaAbl, TEMIPAI KbI3AbIPFaHHAH
repi CYAbl KbI3AbIPFaH Ke3AE KObipeK aHeprmsa >XyYMcaAaAbl.

Backa Aa 3aTTapAblH MeHLWIKTI XXbIAYCbIMbIMAbIAbIKTapbl Table 1.5
KeCTeCiHAE KOPCeTIAreH.

Substance c [J/kg"C]) | [Substance ¢ |J/kg'C] |
Alcohol lethyll | 2450 | |Lead | 130

Aluminum Q00 | |Marble 880

Brass 380 | |Mercury 140

Carbon /10 Silver | 235

Copper 400 G’:II d 130

Glass 670 | [Water 4200

Glycerine 2410 Water vapour 2100

lce |2100 | [Wood | 1750 |
Iron 460 | | Zing 1380

Table 1.5

3. AEHE TEMIMNEPATYPACbIHbIH ©3IEPICI

TeMnepaTypaHblH ©3repici TikeAen 6epIAreH >XbIAY dHEPTrNACbIHbIH
MOALLEPIHE TOYEeAAI

1 Kr KopFacblHAbI 1°C-re >XbIAbITY YLUiIH, 130 AXK XXbIAY Kepek.
2°C-re »XbIAbITY YLUIH, 260 A>X XXbIAY Kepek.
3°C-re »bIAbITY YLUIH, 390 A>K >XXbIAY Kepek.

ByA Mbicanaafbl 1°C, 2°C, 3°C TeMnepaTypaHbliH e3repicTepi.



TeMnepaTypa e3repiciH AT Aen BeAriAeHeA,.

AT=T _coHfFbl - T_6acTankbl

Al=T1_ -1T

final initial

AEeHeHIH MaccacblH, MEHLLIKTI XXbIAYCbIMbIMAbBIAbIFbI YXoHEe TeMnepaTypa
e3repiciH KeAaeci PoOpPMYAa apKblAbl BAMAAHDBICTbIPYFa BOAaAbI:

Q=mxcx AT

Q = m X c 3 AT
heat mass specific heat capacity Temperature change
(Joules, J) (kilograms, kg) (J/kg°0) (degrees of Celsius or Kelvin)

FACT




CyAbIH >XXbIAY CbIMbIMAbBIAbIFbI XKep LWapbl YWiH 6Te MaHbl3Abl. Cebebi oA
>Kep WwapblHbIH "KbIAY pasnaTopbl” KbiBMeTIiH aTKapaAabl. KyHi 6omnbl KyH
COYAECIHEH aAFaH XXbIAYAbl ©3 6oMblHa caKTan, KyH 6aTKaHHAH TaH
aTKaHFa AEeNiH XXbIAYbIH 6epin TypaAbl.

DISCUSSION

Table 1.5-Teri KepceTIiAreH XblAY CbIMbIMAbIAbIKTapPbl YAKEH HEMEcCe
KiLLlipeK 6BoOAFaHAa He BboAap eai? AAaM eMipiHe OHbIH acepi KaHLa?
MbiCcanpAapAbl cypeTTeHI3. KeM pAereHAe eKi OH, eKi Tepic acepiH anTbIn
6epiHi3

DISCUSSION

Can you give an example where water can be used to remove heat (to
cool objects)?

EXAMPLE

How much energy is needed to heat 2 litres of water from 25°C to
100°C?

Solution:
For water
1 litre = 1 kilogram

Formula:

=mx Cx Al

water

AT =T, -T [change in temperature]

Calculation:



Q  =2Kkg x 4200 x (100°C-25°C)

water ngC
Q.. =630 000 J =630 kJ
ACTIVITY

KYHAEAIKTI eMipAe Ken >Kafaanaa 6isre MeHLWIKTI XXbIAYCbIMbIMAbBIAbIFbI
TOMEeH MaTepunan KaxkeT. MbicaAbl, Taba. AA, kenbip >karpanaa bisre
MEHLUIKTI YXbIAYCbINbIMAbBIAbIFbI XXOFapbl, Kipnill CUAKTbl MaTepuaAa
Ka>KkerT.

Table 1.5-TeH 2 MaTepunaA TaHAaM, MblHa CYpPaKTapFa »ayan bepiHi3.
a) OAapAbl Kan >epAe KOAAAHFaH AYpPbIC?

9) OAapAbl Kan >xepae KoApaHbaFaH Aypbic?

6) MblCaAAaPbIHbI3AbI TYCIHAIPIHI3.




ART TIME

Write a poem about specific heat capacity. Read it to your parents,
teachers and friends.

LITERACY

1. XKa3 Me3riAiHAe KA (TeHI3) KYHAI3 CaAAKbIH, aA XXafaXkan >XblAbl
OOAbIM TyYpPaAbl. He cebenTi?

2. Ci3pe TeMip, CbiHAM, aAFOMUHUNM >XoHEe KOPFacblH b6ap.

O PKaNCbICbIHbIH Maccachbl 3 Kr, TeMnepaTypacbl 25°C. BapAblfbliHa
6ipaen 5000 A>K B6epiHi3. MaTepranpsapAblH COHFbI
TeMMnepaTypacblH 6CYy PeTIMEeH >a3blHbl3.

3. MawwnHaHbIH paaMaTopblHAA cy 6ap. MaWwmHa KO3FAATKbILLbI iCTen
TYPFaHAQ, OHbIH TeMnepaTypachkl WwaMmameH 95°C. Erep ae cy
H6oAMaca, KO3FaATKblIL TeMnepaTypacbl 120°C AeniH »eTin, icTeH
WblFaabl. KO3FAATKbILW YLUIH Cy COHLUAAbIKTbl HE YLUIH MaHbI3AbI?
ApaMpap 6acka CYMbIKTbIKTbl KOAAQHCA He BoAap eAi?

TERMINOLOGY

e to store - cakTay / XpaHuUTb
e substance - 3aT / BelwlecTBO
e relation - 6aAaHbIC / cBA3b



® engine - KO3FaATKbIW / ABUraTeAb
e specific - MeHLLIKTi / yAeAbHada



1.6 HEAT OF COMBUSTION

YOU WILL:

e - apply the formula of the heat of combustion to solve problems.

QUESTION
-
[ | [ |
bhot
|wﬁt-E|‘
pump ® &
radiator |

water 'E_':il E water ¥
heat

This is a model of a heating system that uses convection. Water is
heated. Then pump sends water to the radiator. How do people heat the
water?

HEAT OF COMBUSTION

SHeprmaHblH aAaM eMIpIHAEM aAaTblH OPHbl epeKLLe. DAETTE,
SHEepPrmsaHbl KeMiIp, XXaHapMan HeMece Taburm ra3a CUSKTbl OTbIHAbBI YXaFy
APKbIAbl aAaMbl3. KeAIKTep, MOMbI3AAP, YLLAK MEeH KEMEAEPAIH
KO3FaAyblHa XXoHe FMMapaTTapAbl XXbIAbITYFa OTbIH Ka>keT. AAanAa,
OTbIHHbIH €H Heri3ri KOAAAHbIAY @ACbl AEKTP HEPIrUACbIH OHAIPY
6oAbIn Tabbinaabl, Figure 1.



& L

Figure 1

OTbIH >aHY YLUIH eKi paKTopAbl KaXXeT eTeal: aya (OTTeK) >XoHe »aHy
MPOoLECiH epLliTeTiH 6acTankbl XXbIAY (TYyTaHy TeMnepaTtypachbl), Figure

>KaHy Ke3iHAEe OTbIH KaHLLUAAbIKTbl Kern 60OACa, COHLLUAAbIKTbI CbIPTKA
KebipeK aHeprusa 6eAiHeAil. 1 K OTbIHHAH aAbIHATbIH >XbIAY MOALLEPI
MEHLLIKTI YXaHYy »XbIAYbl A€M aTaAaAbl.



Oxygen

Heat Fuel

Figure 2

ToeMeHAEeTI KecTeAe SPTYPAI OTbIH VLLUIH >XXaHY >»XbIAYAAPbl 6epiAreH.
MbicaAbl, 1 K aFall TOAbIK »XaHFaHAa 15000000 A>K aHeprua 6eAiHeA.
Ocbl TakblPbINTarbl YAKEH CaHAAPAbI )Xa3yFa KOAANAbl 6OAYbI VLLiH M

(Mera = 10°%) ce3 aAAbl KOCbIMLLIACbIH KOAAAHYFa Typa KeAeAi. MbicaAbl,
15000000 AXk =15 MAX.

Fuel MJ/kg Fuel MJ/kg
Black coal 36.0 Hydrogen 141.9
Brown coal 15.0 Natural gas 04.0
Diesel 45.0 Propane 49.0
Alcohol 29.7 Wood 15.0

If the burning fuel has mass m, the total heat obtained from combustion
is:



Q = m X q

heat mass heat of combustion
(Joules, J) (kilograms, kg) (J/kg)

OTbIH >»XaHYbl YLLUIH, €H aAAbIMEH, OHbIH TEMMNepaTypPacbl ODEATIAI
AdpeXkere AeniH XeTyi Kkepek. ByA TeMmnepaTypa TyTaHy
TeMnepaTypachbl Aen aTaAaAbl. MbiCaAbl, kaFra3 6eH arall OAOKTbI
KapacTblpanblk, Figure 3.

AFall BAOKTbIH TYTaHy TeMnepaTypachbl XXorFapbl. CoOA cebenTi aFaluThbl
TYTATy KaFa3Abl TYTAaTKAHHAH KWbIHbIPAK.

paper 230°C wood 300°C

Figure 3

>KaHFaH OTTbl COHAIPYAIH 2 »XOAbI 6ap. BipiHLWICI, >anKbILUMeH, KYyMMeH
HemMece DaALUbIKMeH »>aby apKbiAbl OTTEKTEH berey. EKiHLWICI, YXaHFblLU
3aTTbiH TeMnepaTypacbiH TOMeHAETY. KYHAEAIKTI eMipae OTTbl COHAIPY
VLLUIH ©pT COHAIPriluTeEP KOAAAHbIAaAbL. OAapAbiH BipHeLle TYPAepPiI
6onaabl, Figure 4.



Figure &

EXAMPLE

Ho;v many kilograms of coal do you need to get 1500 kJ energy? g = 30
MJ/kg

Solution:;

We need to find mass of the coal.

G _15x1UbJ

Q=mxg=m=— m =
9 3 x 107

- 5 x 10%kg = 50g

kg

FACT




Sometimes people burn a small part of a forest to stop approaching
huge fire wave. This is called controlled burning.

RESEARCH TIME




fire smoke

\ o L
N .

glass candle

CTakKaH MeH KiWiripiMm ManLlaM aAbliHbl3. ManLLlaMAbl XXafblHbI3 AQd,
VCTIHEH CTaKaHAbI XXabblHbI3. He 6oAaabl eKeH?

LITERACY

1. a) ABToMawmHa 100 kKM >KoAFa 10 AUTp B6eH3UH >XyMcanmabl. AcTaHa
AAMaTbl apacbiHAAFbl XXOAFa (1300 KM) KaHLWwa AUTP 6EeH3UH
YXYMCaAaAbl? 9) KaHLua KMAOrpaMMm 6eH3MH >xyMcanaabl? (1000
AMTP 1 M? -ke TeH. 1 M?® -Te 700 kr 6eH3nH 6ap) 6) YKoAFa KaHLIa
A>XKOYAb aHeprmnsa >xymcanaabl? (1 kr 6eH3nH 42 MAXK bepeai)

2. KocMOHaBT anaa Kayan niciprici Kence He 60AaAbI?



3. a3 newTiH ycTiHAE O.5 Kr cy 20°C-TaH 100°C-ka AeniH
KbI3AbIPbIAAADbI. BYA VLLIH KaHLIa KMAOrpaMMm ras kaxkeT? (1 kr ras 54
MA>K B6epeai. 1 Kr cyabl 1°C-Ka Kbi3AbIpY YVLiH 4200 AXK XKbIAY
Ka>keT).

ART TIME

Think up and draw a plan for controlled burning. Show it to your parents,
friends, and teachers.

TERMINOLOGY

fuel - >xaHFbIL 38T / TONAUBO

oxygen - oTTeri / KNCAOPOA

to generate - eHAiIPY / NPOV3BOAUTD

gasoline - 6eH3UH / 6eH3UH

hydrogen - cyTeri / BoaooOpoOA

combustion - »aHy / ropeHue

fire extinguisher - epT ceHAIipriw / orHeTyLUUTEADb



1.7 HEAT EXCHANGE

YOU WILL:

e - apply equation of heat balance to solve problems.

QUESTION

A 4 year-old kid can drink tea if the temperature is not greater than
40°C. You have a cup of tea at 90°C. What should you do to decrease
the temperature of tea? Can you find several methods?

HEAT EXCHANGE

YKbIAY 3HEpPrmnacbl apAanbiM bICTbIKTaH CYblKKA Kapan TaCbIMaAAAHAAbI,
Figure 1.



hot object cold object

Figure T

EKi AeHeHIH TeMnepaTypaAapbl TEHECKEHAE, YXbIAY aAMacy TOKTaAMADL.
Ocbl Ke3ae AeHeAep TepManAbl Terne-TeHAiIKTe 6oAaabl. COHFbI
TeMnepaTtypa ( Tf ), eki poeHenepAiH 6bacTankbl TeMNepaTypPaAAAPbIHbIH
apacbiHAa 6boAaabl. Mbicaa peTiHae Figure 2. X KbIAy aAMacyaAaH KeniH
AEHEeAEePAIH COHFbl OpTaK TeMnepaTypacbl 20°C-TaH »Xofapbl, bipak

60°C-TaH TeMeH BboAaAbl.

Hot Cold Heat Exchange = Thermal Equilibrium
Figure 2

blcTbIK AeHeAeH BOAIHIeH XbIAY MOALLEPI CYbIK AeHere 6epiAreH
>KbIAYFa TeH BOAaAbI.

BYA MpUHLUMN 3HEPrmnsaHbliH CakTaAybl Aen aTaAaAbl. OHbl dOPMYAa
XKY3iHAE OblAaM »Ka3yFa boAaAbI:

— Heat lost by hot object = Heat gained by a cold object



-Q,_=Q

lost gained

"mhul X Chul R ﬁThot = mmld ® Cculd o '&Tcold
My ® Cha ™ [Tﬁnal B Thut] = Mg * Ceota * [Tfinal B Tcu-ld]
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YKoFapblaaFbl TEHAEYAI TEK TYMbIKTAaAFaH OpTaAa, AFHU KopLUaFaH
opTaMeH »bIAY aAMacy 6O0AMaFaH Ke3ae FaHa KOAAAHYFa BOAaAbI.
CbIPTKbl OPTaMeH >XbIAY aAMacyAbl a3anTy YLiH KAAOPUMETP
KOAAAHbBIAAADI.

KaAnopmMeTp AereHiMi3 KopLuaraH opTaMeH »XbIAY aAMaCyAbl >KaKCbl

OKLLUAYAAUTbIH KYPbIAFbl. OHbl MEHLUIKTI XXbIAYCbINbIMAbBIAbIFbl TOMEH

MeTaAAaH >XacauAbl. bIAbICTbIH CblIPTbIHa OKLLUAYAaFbILL MaTepUnaAAaH

»acanraH KaAbblp kKurisineai, Figure 3. KanopuMeTpAIH iiHAErI

gaTTapAblH, ILUKI 9Heprmnacbl 6ip KaAbiNnTbl 6OAaAbI A€M KabblApayFa
OAAAbI.
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ACTIVITY

>KbIAY aAMacy AereHiMi3 sHeprusHblH bip >XepAEH eKiHLLI >xepre
TacbIMaAAAHYbIl. bICTbIK aTOMAAP »XOHe CyblK aTOMAAPAbI eAeCTeTIN,
bICTbIK aTOMAAPAbIH CYbIK aTOMAAPFa KaAan aHeprmna 6epeTiHiH
cypeTTen 6epiHis.

EXAMPLE

In a laboratory, a student mixed 200 g water at 70°C with 100 g water at
40°C. Find the final temperature of the mixture.

Solution:
Given: o - e
hot water:m_ =200g;: T.=70"°C T =70
cold wate o= 100 7 =-&[} O i =200
cold water- m 00 q; T_=40"C b wrmch
Solution:
- =10
> G -, cAT
m, %t ] mexg ol Water -
T.=40°C
1 3 m.=200g
.2 w 42000 w [T =TOCH = 0. 1hty = £200 a |1 =4ih Y
ot kg"C : kg"C I 6
0.2 = [70-T ] = 0.1 % |T.-40]
14 -02=T,=0.1=T,-4
18=[134=]
- Tl e
1 s N

There are two large and one small container. The first one is filled with
water at 90°C, the second with water at 20°C, the third container is
empty. How can we obtain water at these temperatures?

a) 50°C

b) 40°C

c) 55°C

d) 85°C

e) 21°C

f) 20.1°C



g) 89.9°C

FACT

When we are sick, we have high temperature. Then we put wet towel on
a forehead. This is done to decrease temperature of our head. Molecules
of water take heat from our head.

LITERACY

1. TemnepaTypacbl 20°C 1 cTakaH cyabl TeMnepaTypacbl 80°C 1 cTakaH
CYMEH apaAacTblpCcaK, KOCMNaHblH TeMNnepaTypacbl Here TeH
bonapbl?

2. Erep teMnepaTypacbl 20°C 1 cTakaH cyAbl TeMmnepaTypacbl 80°C 2
CTaKaH CyMeH apaAacTbipCa, KOCMNaHbliH TeMMepaTypachl Here TeH,
6oAapbl?

3. Erep TteMnepaTypacbl 20°C 2 cTakaH cyAbl TeMnepaTtypacbl 80°C 1
CTaKaH CyMeH apaAacTbipCca, KOCMaHbliH TeMMepaTypachl KaAan
e3repeai?

4. Erep temnepaTypacbkl 20°C 2 cTakaH cyabl TeMnepaTypacbl 80°C 2
CTaKaH CyYMeH apaAacTbipca, KOCMNaHblH TeMMepaTypachl Here TeH
6onapbl? Cebebi?



ART TIME

Can you do theatre play that explains “heat exchange”? What roles can
you play? Show theatre play to parents, teachers and friends.

TERMINOLOGY

e heat lost - >xoFaAFaH >XbIAY / moTepaHHOe TenAo

e heat gained - aAblHFaH >XbIAY / npuobpeTeHHOoe TEenAo

e conservation of energy - saHeprugaHblH cakTaAybl / COXpaHeHune
aHeprmm

e surrounding - KopLuaraH opTa / oKpy>katoLlaa cpepa



LABWORK 1

TITLE:

Conservation of energy in heat transfer

OBJECTIVES:

—
.

To measure the final temperature.

2. To apply the specific heat capacity equation for calorimetry to
calculate the final temperature of the mixture.

3. To identify the cause of the difference between measured

temperature and calculated temperature.

MATERIALS LIST:

calorimeter

hot water

cold water

electronic (or mechanical) scales
thermometer

hot plate

stirring rod

two beakers

XN HEWN



SAFETY:

1. When using a burner or hot plate, always wear goggles and an apron
to protect your eyes and clothing. Tie back long hair, secure loose
clothing, and remove loose jewellery. In a case of emergency, call a
teacher.

Never leave a hot plate unattended while it is turned on.

If a thermometer is broken, notify the teacher immediately.

Do not heat glassware that is broken, chipped, or cracked. Use tongs

or a mitt to handle heated glassware and other equipment because it

does not always look hot when it actually is. Allow all equipment to
cool before storing it.

5. Never put broken glass or ceramics in a regular waste container. Use
a dustpan, brush, and heavy gloves to carefully pick up broken
pieces and dispose of them in a container specifically provided for
this purpose.

THEORY:

B W




Q =
-Q_

m X ¢ X AT

lost = Q_gained

Q=mxcx AT

-Q —

lost  ~ gained

What is Q? What is the unit of measurement of Q?

What is m? What is the unit of measurement of m?

What is ¢c? What is the unit of measurement of c?

What is AT? What is the unit of measurement of AT?
What will give heat? Cold water or hot water? Why?
What will take the heat? Cold water or hot water? Why?
Which one will be bigger, heat given or heat taken? Why?

PROCEDURE:

WN

. Read the entire lab procedure, and plan the steps you will take.

Determine which steps can be performed while you are waiting for
the water to heat.

Record your data in the data table.

Choose a location where you can set up the experiment away from
the edge of the table and from other groups. Make sure the switch of
the hot plate is in the “off” position before you plug it in.

Turn on the hot plate and adjust the heating control to heat the
water.

Use the thermometer to measure the temperature of the hot water
and cold water. (Note: When making temperature readings, take
care not to touch the hot plate and the water.)



Use the scales to measure the mass of the hot water and cold water.
Use the stirring rod to gently stir the mixture of hot water and cold
water in the calorimeter. Do not use the thermometer to stir the
water.

8. Clean up your work area. Put equipment away safely so that it is
ready to be used again.

ANALYSIS:

~N O

Calculate the final temperature of the mixture.
Measure the final temperature of the mixture.
Calculate the energy transferred to the cold water.
Calculate the energy transferred from the hot water.

CONCLUSIONS:

PWN

1. Explain why the energy transferred as heat to the cold water is equal
to the energy transferred as heat from the hot water.

2. Explain why calculated and measured temperatures of the mixture
are different (or same).

3. How would your results be affected if the initial temperatures of the
water in the beakers were equal?

4. What is the purpose of the calorimeter in this experiment?



SUMMARY

e Atom: a particle that consists of protons, neutrons and electrons;
atom determines a type of substance.

e Molecule: a group of atoms that are connected to each other.

e Diffusion: molecules move from higher concentration to lower
concentration.

e Temperature: a measure of speed and mass of molecules, a measure
of the average kinetic energy of molecules.

e Thermometer: an instrument that measures temperature.

e Absolute zero: -273°C, there cannot be a lower temperature than
-273°C.

e Celsius scale, Kelvin scale: different temperature scales. Celsius scale
is used in everyday life. Kelvin scale is used in science.

e |nternal energy: a sum of all kinetic energies of atoms and molecules
of a substance.

e Conduction: heat flow by the collision of hotter particles to colder
particles.

e Convection: heat flow by movement of a fluid (liquid or gas).

e Radiation: heat flow by electromagnetic waves.

e Specific heat capacity: energy needed to increase the temperature
of 1 kg of a substance by 1°C.

e Q=mxcxAT

Q = m X C X AT
heat mass specific heat capacity Temperature change
(Joules, J) (kilograms, kg) (J/kg*0) (degrees of Celsius or Kelvin)

e Heat of combustion: energy you get from burning 1 kg of fuel.
e Q=mxqg

Q = m X q
heat mass heat of combustion
(Joules, J) (kilograms, kg) (J/kg)

e — Heat lost by hot object = Heat gained by cold object
* -Qlost = Qgained



- lost anined

-m, xC, X AT, =m_xc_x AT,
~m, X G X (T~ T)=m xe¢ x(T.~T)

m, x ¢, x (T, = T)=m xc x(T,—T)



PROBLEMS

THERMAL MOTION

1. Simple diffusion is defined as the movement of

A. Molecules from areas of higher concentration to areas of lower
concentration

B. Molecules from areas of lower concentration to areas of higher
concentration

C. Water molecules across a membrane
D. Gas molecules across a membrane

E. Gas or water molecules across a membrane

2. When sugar is mixed with water, equilibrium is reached when
A. Molecules of sugar stop moving
B. Water and sugar molecules are moving at the same speed

C. The dissolved sugar molecules are evenly distributed throughout the
solution

D. There is the same number of water molecules as dissolved sugar
molecules

E. Two tablespoons of coffee are added

3. Which of the following affect(s) the speed of diffusion?
A. Temperature

B. Size of molecules

C. Concentration difference

D. AandB

E.A, BandC



4. The molecules in a solid lump of sugar do not move
A. True
B. False

TEMPERATURE AND INTERNAL ENERGY

1. What is an acceptable temperature for a comfortable room?
A. 72 degrees Kelvins

B. 72 degrees Celsius

C. neither

D. both

2. Which of the followings can be a temperature of an ice cream?
A. 30 degrees Celsius
B. 250 degrees Kelvins

3. Which of the followings can be a temperature of a cup of tea?
A. 228 degrees Kelvins
B. 28 degrees Celsius

4. True or False? 260 Kelvins is a reasonable temperature for warm
spring day.

A. True
B. False



5. Choose the reasonable temperature for a glass of iced tea?
A. 32 degrees Celsius
B. 4 degrees Celsius

C. neither

Which one is better to wear when the weather is 29°C?
. t-shirt
sweater

. heavy coat and gloves

O 0 W > O

. hone of the above

7. What would you most likely to wear on a day that is 255 Kelvins?
A. t-shirt
B. heavy coat, hat, scarf, gloves

C. sweater

8. Choose what you would most likely to wear on a day that is 300
Kelvins.

A. sweater
B. t-shirt

C. heavy coat and gloves

O. If it was 218 Kelvins outside, what would you most likely be doing?
A. sledding
B. swimming

C. water skiing



10. Choose the word that might describe a 32 degrees of Celsius day.
A. freezing

B. warm

C. cold

D. windy

11. Convert the following units into the desired ones.

12. A liguid boils at 351 K. What is this temperature in °C?

13. A weather forecast announces that the expected daytime
temperature is 293 K. What is the temperature in °C?

14. Which is the greater temperature, 25°C or 308 K?

15. Referring to the information given on page 11, calculate the
temperature of the centre of the sun, a light bulb fi lament and a Bunsen
flame in degrees of Kelvin.

FILL IN THE BLANKS

16. When a substance is heated, its particles gain ......cccocceeveeeneeee. and move
rapidly.



17. The temperature of a substance is a measure of the average ..................
energy of each particle in it.

18. Heat is the energy transferred to a substance, while temperature is

the degree of ... of a substance.

19. On the ... scale pure water freezes at O °C.

20. On the Celsius scale, the .................. of the boiling point of water is
marked as ................ °C.

21. Household thermometers usually include .................. as the capillary

liguid and they have a range of temperatures from -30 °C to 50 °C.

HEAT

1. How much heat is needed to raise the temperature of 1000 g of solid
ice from O °C to 40 °C?

2. How much heat is needed to change the temperature of 200 g of
water from 10 °C to 50 °C?

3. How many Joules of heat are lost when 100 g of iron cools from 120 °C
to 50 °C?

4. How many Joules of heat are lost when the temperature of 300 g
copper drops by 20 °C?



5. Assuming that no heat is lost to the surroundings, calculate the final
temperature when 50 g of water at 30 °C are mixed with 25 g of water
at 60 °C.

6. Calculate the quantity of heat needed to change 60 g of water at 100
°C into steam at 100 °C.

7.10 g of ice at O °C is dropped into 90 g of water at 70 °C. Calculate the
final temperature of mixture.

8. 200 g of olive oil at 80 °C is in a container. If another 50 g of olive ol
at 20 °C is added to the container, what will the final temperature be?
(Heat exchange with the container is ignored.)

9. If 100 g of iron at 100 °C is dropped into 390 g of water at 20 °C, what
will the final temperature be?

APPLICATION OF HEAT TRANSFER

FILL IN THE BLANKS WITH APPROPRIATE
WORDS

| I keeps animals warmer in winter.

2. Firemen wear ....cco........... suits.



3. Metals are generally .................. conductors of heat.

4o, keeps hot liquid hot for a long time.

5. In space, matter does not exist so convection and.................. do not
OCCuUr.

6. Bright shiny surfaces are .................. emitters of heat.

ANSWER THE QUESTIONS

1. What is the difference between conduction and convection? Explain by
using examples.

2. Explain why a double glazed window keeps rooms warm.

3. Why do we wear thick clothes in winter and bright clothes in summer?

4. How does fur keep animals warm?

5. Explain coastal breezes.

6. What are good and bad absorbers of radiation? Give examples.

7. What are good and bad emitters of radiation? Give examples.



8. Explain how home heating systems work.

9. Can heat be transferred by convection in a solid? Why?

ANSWER THE TEST QUESTIONS-I

1. The measure of the average kinetic energy of particles in matter is
called:

A) Heat
B) Temperature
C) Calorie

D) Heat of fusion

2. The instrument which is used to measure temperature is called:
A) Manometer

B) Barometer

C) Altimeter

D) Thermometer

3. A normal human body temperature is about 36 °C. Which of the
following expresses this temperature in Kelvin?

A) 400 K
B) 305 K
C) 309 K



D) 500 K

4. The metal sodium melts at 371 K. What is the melting point of sodium
on the Celsius temperature scales?

A) 98 °C
B) 90 °C
C) 100 °C
D) 110 °C

5. Which of the following has no effect on the amount of expansion of a
body?

A) Dimensions of the body

B) Temperature change

C) Type of matter a body is composed of
D) Colour of the body

ANSWER THE TEST QUESTIONS-II

1. Which one of the substances below is the best conductor of heat?
A) paper

B) glass

C) nalil

D) wool

2. Which one of the substances below is the best insulator of heat?



A) glass

B) hard plastic
C) copper

D) air

3. Why does conduction not occur in space?
A) Because no matter exists in space

B) Because only convection occurs

C) Because the sun is far away from the earth

D) Because the moon prevents heat transfer

4. 1. White coloured surface

Il. Blackened surface

lIl. Insides of a toaster

IV. Reflector of an electrical heater

Which of the above is a good absorber of heat?

A) LI

B) I, 1l
LIV
D) I, IV

5. The Sun heats us by the method of
A) isolation

B) conduction

C) convection

D) radiation






PHYSICS IN LIFE

1. Skin of a polar bear is black. Fur is 10 cm thick. How does it help?
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2. The gas pressure in a light bulb is 0.7 atm? Why is it lower than
atmosphere's pressure?



3. Yurt is a house of nomads. Why did they use thick wool to make
yurts?
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4. If all water disappears, the average temperature on Earth will be 67
°C. Why the temperature rises?




5. Venus is farther from the sun than Mercury. Why is then Venus hotter
than Mercury?

7. We cannot burn wet wood. Why?



8. Itis -45 °C outside, but it’s -5 °C inside the igloo. Why?




CHAPTER 2

STATES OF MATTER

2.1 MELTING AND FREEZING

2.2 EVAPORATION AND CONDENSATION
2.3 GRAPHICAL ANALYSIS

2.4 HUMIDITY

LAB WORK 2

SUMMARY

PROBLEMS




2.1 MELTING AND FREEZING

YOU WILL:

e - use Molecular Kinetic Theory to describe melting and freezing;
e - apply formula of freezing / melting for problem solving.

QUESTION

Figure 1

a) Why do icicles, Figure 1, form in cold weather? How do icicles form?



Figure 2

b) Why is it dangerous to touch metal in cold weather? What may
happen if you touch a metal when the weather is -30°C? Why do people
use tin, Figure 27? Is tin liquid or solid?

BAAKY

KaTTbl AeHere >XbIAYy 3HEpPruacbl 6epiAreHAe, OHblH TeMnepaTypachl
apTaabl. Con cebenTi, AeHe OOALLEKTEPIHIH TepbeAic KapKbliHbl apTa
6acTanmabl. BeAriai 6ip TeMnepaTypasa boALlLeKkTepAiH BEeACEeHAI
KMMbIAAQYbIHAH KPUCTAaAAbI KYPbIAbICbI OY3bIAbIM, KATTbl A€HE CYMbIKKA
anHaAaabl. BYA ypaic 6anKy Aen aTaAaAbl. BaaKy Ke3iHAEe MOAEKYAAAaP
apPaCbIHAAFbI KalUbIKTbIK apTbIM, 3aTTblH KOAEMI YAFaaAbl. BaAKyAbIH
KapananmbIM KepiHici Figure 3 -Te KepcCeTIAreH.

) ed
OO ¢

SOLID

Figure 3

Ke3 KeAreH KaTTbl AeHeHiH 6baAKybl bacTaAaTbiH TeMnepaTypa - baAKy
TeMMnepaTypachbl Aen atanaabl. Kembip 3aTTapablH 6aAKy
TeMnepaTypaAapbl Table 2.1-poe KepceTiAreH.



Melting Melting
Substance | Point | AlJ/kg’Cl| | Substance Paint | A [J/kg"C]

[0°c) oc) |
Iron | 15350 (289000 | |lce | 0 335000
Alurminium 658.0 |10 500 Lead 327.0 (25000
Benzene | 55 (126000 | [Mercury | -389 [11400
Copper 1083.0 |207000 | |Silver 960.0 |88 300
Ethyl alcohol | -114.4 (108000 | |Gold | 1063.0 |42 800
Tahle 2.1

MEHLUIKTI BAAKY >XbIAYbl

BaAKy TeMnepaTypacbliHa »XETKEH 3aTTbl KbI3AbIPFAHHAH OHbIH
TeMnepaTtypacbl e3repMmenai. Cebebi peHere 6epineTiH XbIAYAbIH
BapAbIFbl MOAEKYAAAAP apacblHAAFbl OAaMAAHbICTbl BACIpETYre
YXYMCaAaAbl. 1 KI KaTTbl AEHEHI OAAKDbITY YLUIH Ka>XeTTi >XbIAY MOALLEPI
MEHLUIKTI BAAKY >bIAYbl A€M aTaAaAbl, OA 8P 3aTTa SPTYPAI OOAbIM
KeAeAl.

MbICaAblI:

1535°C-Tarbl 1 Kr TeMipai 6anKbITy yiH 289000 AXX Kepek.
960°C-Tafbl 1 Kr KYMicTi 6anKbITy YwiH 88300 A>K KepeK eKeH.

Backa pAa Mbicanpapabl Table 2.1 -peH Kepe anachblIs.

The formula for melting;

Q=mxA
Q = m X A
heat mass specific latent heat of fusion
(Joules, J) (Kilograms, kg) (Joule/kilogram, J/kg)
KATY

BaAKy TeMnepaTypacbiHAAFbl CYMbIK AEHEHI CYybITCaK, OA KaTa
HacTanAbl. ONTKEHI, OOALLEKTEPAIH KWHETUKAABIK SHEPrMaAapbl a3anblin,
KO3FaAbICTapbl B6asdyAanAbl. HoTmxxeciHAE, DOALLEKTEP KPUCTAAADI
KaAMblHa KanTa opanaAbl. BYA aAeHeHiH KaTy npoueci Aen ataAaAbl.

KaTy npoueci 6aAKkyAbIH kepi npoLieci 60AbIN TabblAaabl. KaTy
TeMnepaTypacbl baAKy TeMnepaTypacbiHa TeH 6oAbIN kKeAeai. COA
cebenTi, MeHLWIKTI BaAKY >XbIAYbl MEHLLIKTI KaTy >XbIAYblHa TEH.



EXAMPLE

Calculate the energy needed to melt 2 kg of ice at O °C. Use Table 2.1

Solutions:

m =2 kg Water

A =335 kJ/kg ek
Formula: ocm % ------- b i
Qd=mxA fce
Calculation: m=2kg

Q=2 x335000=670000J= 670 kJ

EXAMPLE

100 g of water is at 40 °C. How much heat must water lose to become
ice at O °C?

Solution:
First, water must lose heat to reach m=0.1 kg
Ire{hz“'“'.-'l F-:'D”‘II; -I|--I=‘$D'_-I:- IERL A AL L
O=mxcx=xAl Coaling
' . Q =mCAT
Q,=0.1kg = 4200 —— = [40 °C-0°C)
: [kg"C]
0.=16 800 J
Then, water freezes and loses more heat: Melling
(o it 2 T =00 il Y l=m A
I.T l ..‘. . ;_-;.: -II ,"-
0= 0.1 kg = 335 000 — Ice
: kg
G.=33 500 J

Total heat lost by water: 14 800 J « 33 500 1 = 530 300 J

FACT




When water freezes, it becomes bigger. The density becomes smaller.
This is why ice is on the top of the water. The ice protects living things
from cold.

FACT

Sometimes hot water freezes faster than cold water. It is called “Mpemba
effect”.

LITERACY

o1k

. Aya panblHblH TeMnepaTypacbl O°C-TaH TeMeH. Ocbl Ke3ae >XaHbbIp

9AAE Kap »kaya Ma? He cebenTi?

TeMmnepaTypacbkl O°C, Maccachl 1 K My3Abl epITY YLIH KaHLa
A>KOYADB XXbIAY KaXkeT? YXKoHe OCbl MY3Abl €pITY YLUIH KaHLa
KMAOIrpPaMM bICTbIK cy (100°C) kakeT?

TeMnepaTypachbl -1°C, Maccacbl 1 K My3Abl €pITY YLiH KaHLa
A>KOYADb aHeprmna KaXkeT? Here ci3aiH >xayabblHbI3 2-CYPaKTbIH
>ayabbIMeH comKec KeAMenAi?

Kenbip TayAapAaa >Ka3Aa Ad Kap »XaTaabl. He cebenTi?
Aya-panblHblH TeMnepaTypacbl -25°C cyblK. bipasaaH coH Kap
»Xayaabl. Kap >»XayfaHbl YLWIiH TeMnepaTypa -18°C-kKa AeniH
KeTepineai. He cebenTi?



ART TIME

How would you design a dance that shows "melting and freezing”. Show
the dance to your parents, teachers and friends.

TERMINOLOGY

melting - 6aAKy / NAaBAeHUE

freezing - KaTy / 3aMopa>kmBaHue

bond - 6aAaHbIC / cBA3b

copper - MbiCc / MeAb

contraction - Kkbickapy / yMeHbLUeHune

opposite - KapaMa-Kapcbl / MPOTUBOMOAOXKHbIN



2.2 EVAPORATION AND
CONDENSATION

YOU WILL:

e - use Molecular Kinetic Theory to describe boiling and condensation;
e - analyse temperature-time graph of boiling and condensation.

QUESTION

Why do bubbles form at the bottom of the pan? Why do bubbles not
form at the top?

BYANAHY

CYMbIKTbIKTbIH MOAEKYAQAAPbIHbIH XXbIAAGMADBIKTaPbl 8PTYPAI OOA3ADI.
KnHeTnKaAbIK 2HEPINACHI YXOFapPbl MOAEKYAAAAP CYMbIK OETIiHEeH yLLbIM
WwblFa 6acTtamabl. CyMblK ra3 Topi3Ai Kyrre amHana 6acrtamabl. bya
KYObIAbIC OYAaHY Aen aTaAaAbl, Figure 1 a. ByAaHy npoueci Ke3-KeAreH
TeMnepaTtypaaa >kype bepeapi. OFaH ABAEA, bIAFAA KMIMAEP CAAKbIH
HeMece BYATTblI KYHAEPAE Ae KebeAi.
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Figure |

CyMbIK TEMMeEpPATYPACbl apTKaH CanblH, OyAaHYy MPOLECIHIH,
KapKbIHAbIFbl Ad apTaAbl. BeAriai TeMnepaTypasa OyAaHY KapKblHbI
©3iHIH MaKCMMaAAbI AdpeXeciHe XeTeail. backa ce3beH anTKaHAa,
CYMbIK KanHam 6bacTtanabl, Figure 1 b. CymblKk KaMHaFaH Ke3ae

TeMnepaTypachkl TYPaKTbl 6OAAAbI, 9pi ByAaHY MaKCUMaAAbl AeHreliHe
KeTeal

MbICaAbl, Cy MakCUMaAAabl BbyAaHy aAeHreniHe 100°C-Ta »keTeal. AeMek
OVYA OHbIH KanHay TeMnepaTypachl. Table 2.2-pe TYPAI 3aTTapAblH



KalHay TeMnepaTypaAapbl KeATIPIAFEH.

Boiling
Substance | Point | r(J/kg]
°C]

i 78 853 000
alcohol
Bromine 60 180 000
ead 1170 | 732 000
Lithium 1336 |2 136 000
Mercury 398 | 2%7 000
Nitrogen -196 201 000
Oxygen -183 213 000
i‘il;h“”c 326 510 000
Water 100 |2 260 000
Zinc 918 |1 986000

Table 2.2

MEHLIKTI BYAAHY >XbIAYbl

KanHay TeMnepaTypacbliHa >XeTKEH CYMbIKTbl KbI3AbIPFaHAQ, OHbIH
TeMnepaTypacbl e3repMmenpi. Cebebi, cymblKkKa BepiAreH >XXbIAY
SHepPruacblH 6apAbIFbl MOAEKYAAAAP apacbiHAAFbl OaMAAHbICTbI Y3yre
YXYMcanaabl. HoTmyKkeciHae, CyMblK ra3Fa anHaAa bactanapbl, Figure 2.
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KanmHay TeMnepaTtypacblHAA 1 KM CYMbIKTbl OyFa aMHAAAbIPYFa KeTeTiH
YXbIAY MOALLEPI MEHLUIKTI OYAaHY XbIAYbl A€M aTAaA3dAbI.

MbICaAbl:
100°C-Tarbl 1 Kr cyabl 6yAaHAbIpy ViiH 2260000 AXK >KbIAY Kepek.

170°C-Tafbl 1 K KOpPFaCbIHAbI Fra3zfa anHaAAbIpy YiH 732000 AXK >KbIAY
KepekK. Backa Aa MbicanpapAabl Table 2.2-AeH Kepe aAacbIi3AaP.



Boiling
Substance | Point | r(J/kg]
°C)
i 78 853 000
alcohol .
Bromine &0 180 000
Lead | 1170 [732000
Lithium 1336 |2 136 000
Mercury 358 | 297 000
Mitrogen -196 | 201 000
Oxygen -183 213 000
Sulphuric | 94 1510 000
acid
Water 100 |2 260000
Zinc 918 |1 986 000
Table 2.2
CyYMbIKTbIKTbl BYAQHADBIPYFa Ka>XXeTTi XXbIAYAbl ecenTey TEHALVI:
Q=mxr
Q = m x r

heat mass specific heat of vapourisation
(Joules, J) (kilograms, kg) (Joule/kilogram, J/kg)



KOHAEHCALUA

Erep Ae rasabl CaAKblIHAATATbIH BOACAK, ra3 MOAEKYAAAAPAbIH
KbIAAAMADBIKTaPbl KEMIM, OAAPAbIH KMHETUKAADBIK SHEPIrMAAaPbl a3asAbl.

[@3 MOAEKYAAAAPbIHbIH apaKallblKTapbl a3aa bactamabl. ©3apa
XAaKbIHAACYAbIH HOTUXKECIHAE ra3 CYMbIKKa anmHaAa bactamabl. Bya
KYObIAbIC KOHAEHCALMSA Aen aTaAaabl. KoHAeHcaumsa BbyAaHyfFa
KapaMakapcbl ypaic. COHAbIKTaAH Ad, KOHAEHCALMSA KanHay
TeMnepaTypacblHAA OPbIH aAaAabl, Figure 3.

40°C Water 130 °C

) o e
SEEEM Liguid+Gas

Figure 3

Liquid

EXAMPLE

Calculate the energy required to convert 500 g of water at 80 °C to
steam at 100 °C.

Solution:
1. Energy to heat water 2. Energy to boil water Q=m x r
Q=mxcxATl Q,=0.5x 2260000
Q,=0.5x 4200 x {100 - 80] Q.=1130000J
Q,=42000J "
Total energy: Q__=42000J+1130000J=1172000J
EXAMPLE

TemnepaTypacbl 120°C, Mmaccacbl 100 r cyablH 6ybl 6ap. TemnepaTypachl
70°C cyFa aHaAAAbIPY YLUIH KaHLUa aHeprmna cblpTka beAiHyi kepek?

Solution:;



1. Vapour cools to 100 °C

Q=mxcxAT, €. 00.,=2100 Jkg°C

AT. =120 °C - 100 °C = 20 °C

Q.= 0.1 kg x 2100 J/kg°C x 20 °C= 4200 J

2. Condensation of water vapour.

Q.= m xr=0.1kgx 2 260 000 Jfkg = 226 000 J

3. Water cools to 70 °C.

Q,=mxc=AT

AT.=100°C-70°C=30°C

Q,=0.1 kg = 4200J/kg°C = 30 °C = 12 400 J

Total energy lost:
Q.=0+0,+Q,=42001+225000J+12600 J=242800J

FACT

If you take a very cold bottle and leave it for several minutes, the surface
of the bottle will become wet. This is because air contains water
molecules. These molecules condense because temperature around the

bottle is lower.

FACT




Kenbip 6baAbIKTap CyacTbl YXaHapTayAap KacbiHAA ©Mip cype anaabl. OA

Xepae teMnepaTtypa 180°C -Ka AeniH >KeTeal.

RESEARCH TIME

Take two identical bottles and fill them with water. Wrap one of them
with wet paper. Then put them to a cold place. After about 40 minutes
measure the temperatures of water in the bottles. Why are temperatures

different (or same)?

1. Why do clouds form? How do clouds form?
2.
You heat fr How many Joules do you
: rom to ._ _
mass of need?
1kg 100°C water | 100°C vapour
1 kg 99°C water | 100°C vapour
1kg 100°C water | 101°C vapour

3. Why are answers in question 2 different?
4. Find same substances in Table 2.1 and Table 2.2. Compare their (A)

and (r). Why (r) is always greater?

TERMINOLOGY

boiling - KaHay / KnneHwue
to escape - wbIFy / cberaTtb
melted - epireH / pacnAaBAeHHbIN
habitat - MekeHaey opTachl / cpepa obUTaHUSA




2.5 GRAPHICAL ANALYSIS

YOU WILL:

e - analyse temperature-time graph of melting and freezing;
e -analyse temperature-time graph of boiling and condensation.

GRAPHICAL ANALYSIS

Look at the graph below. What can you say about it?

Temperature
Boiling
point |
: l d ! [ 1 .
melting - . ! 5 k | Time
F Colid Colid+Liquid ' Ligquid Liguid+las (335

Q=mcAT O=mA Q=mcAl B=mr G=mc Al

1. How many joules do you need to melt 1 kg of ice at 0°C? How many kg
of water at 100°C do you need to melt 1 kg of ice at O°C?

Answer:



Temperature

boiling
oaint

ol - S W 1IN SR

:L;'U”'l'i_ 3 mEltlng o thl:ng

"Solid  Selid+Liguid'  Liguid Liquid+Gas Gas
Q=mcAT Q=mA G=mcAT Q=mr Q=mcAT

Ice has T_initial =0°C, and it must have T_final =0°C. Water has T_initial
=100°C, it must have T_final =0°C. At the end there is water at O°C.
Water gives heat and gains that heat.

Heat gained by ice:

Q=mA =1kg x 335000 J/kg = 335000 Joules

Heat lost by water:

Q_lost=-mc AT = -m x 4200 J/kg°C x (-100°C) = 420000 x m

Heats must be equal: 335000 = 420000 x m

m = 0.798 kg of water = 798 grams of water

2. How many Joules do you need to melt 1 kg of ice at -1°C? Why is your
answer different from answer in question 27?

Answer:



Temperature

boiling
paint |
melting I \ | |
s A melting boiling
Solid solid+Liquid’  Liguid Liguid+Gas Gas
Q=mcAT O=mA Q=mcAT Od=mr Q=mcAT

3. Ice has T_initial =-1°C and T_final =0°C. Water has T_initial =100°C and
T_final =0°C. At the end there is water at O°C. Water gives heat and ice
takes heat.

Heat gained by ice:Q=mc AT + m A

Q=1 kg x 2100 J/kg°C x 1°C+1 kg x 335000 J/kg=337100 Joules

Heat given by water:

Q=mc AT =m x 4200 J/kg°C x 100°C=420000 x m

Heats are equal:

337100 = 420000 x m

m = 0.803 kg of water = 803 grams of water

In question 1 the answer is 798 grams. In question 2 the answer is 803
grams. In question 2, firstly we heat ice from -1°C to 0O°C. Then, we melt

the ice. That’s why answers are different.

4. How many joules do you need to change 1 kg of water at 100°C into
vapour at 100°C?



Temperature
.-*’ff#
boiling
point f? "/
2 by
melting l %5 Time
Ll | meltmg i memg

Solid  'SelidsLiquid Liquid ' Liquid+Gas '@ Gas
Q==mcAl QG=mA Q=mcAl Q=mr Q=mcAl

To boil water:
Q=mr=1kg x 2260000 J/kg = 2260000 Joules

5. How many joules do you need to change 1 kg of water at 99°C into
vapour at 100°C?

Temperature

point

/| e -
- s | o e
L4 S g u | i L%
melting ‘ﬁ“ i“‘,i /‘ ] E ; 3 Time

point //-" melting boiling

L i
Solid SolideLiquid  Liguid Liquid+Gas Gas
Q=mcAT Q=mA QA=mcAT Q=mr Q=mcATl

We heat water and then boil it.

Q=mcAT+mr=1kg x 4200 J/kg°C x 1°C + 1 kg x 2260000 J/kg =
2264200 Joules

6. How many joules do you need to change 1 kg of water at 100°C into
vapour at 101°C?



Temperature
/o
.-__.-"
boiling /
e R _
melting i'ﬂwi /' l E i Time
paink :
melting boilin
,-f"'; g | g
e i
Solid  Solid+Liquid  Liguid Liguid+Gas Gas

Q=mcAT OG=mA Q=mcATl Q=mr Q=mcAT

First, we boil water. Then, we heat vapour.

Q=mr+mcAT =1kg x 2260000 J/kg + 1 kg x 2100 J/kg°C x 1°C =
2262100 Joules

ACTIVITY
Temperature [°C] P
/' /
Sectionl1: Section? EEEEHDHE . Sectiond Section5: Time

a) If you draw graphs for these substances, which sections each graph
will have? Put ticks in boxes.



section 1 seclion 2 seclion 3 section &4 saction 5
fee, from -15 °C to water 25 °C
Lead, from 250 °C to 40 °C
Gold, from 1200 'C to 1850 °C |
Nitrogen, fram -300 “C to -150 °C
Mercury, from 30 °C to 350 °C
Lithium, from 1500 °C to 300 °C
Bromine, from 40 "C to 70 °C
Alcohol, frarm 80 °C to - 50 °C

b) Each substance has a mass of 2 kg. Choose 4 of them and calculate
total heat in each case.

Use Table 2.1, Table 2.2, Table 1.5 and internet.



2.4 HUMIDITY

YOU WILL:

e - determine amount of heat during boiling;
e - explain the dependence of boiling point on external pressure.

QUESTION

"

Sometimes wet clothes dry out in 1 hour. However, sometimes they can
be still wet even after several hours. How would you explain this?

bIAFAAADBIADBIK

AyaHblH KYpPaMbIHAA CY MOAEKyAaAapbl (by) 6ap. Cebebi, TeHi3, KeA,
©3eHAEepAEri cy apaAanbiM BbyAaHyAa, Figure 1.



Figure 1

ByAaHy npoueci ke3 KeAreH TeMnepaTypasa XXypeai. beamMeae cTakaHra
CY KYWMbIACA, BEATIAI YaKbITTaH KeniH, CTakaHAaFbl Cy BYAAHbIM KeTeA,.
HaTuxxeciHAae BeAMeaeri ayaaa CY MOAEKYAAAAPbIHbIH CaHbl apTaAbl.

AN, BYA KYObIABIC bIAFAAABIABIKKA 9Cep eTeAl, ASAIPEeK anTKaHAa
apTTbIpPaAbl.

bIAFAAABIABIK ayaaaFbl CY MOAEKYAAAAPbIHbIH MOALLIEPIH DIiAAiIpeA|l.

MbICaAbl, erep bIAFAAABIABIK 11 I/M® BOAcCa, AeMeK ap MeTp Kyb KeHicTikTe
1 rcy 6ap. bIAFAAABIABIK YLUIH ThIFbISAbIKTbIH, ©ALLEM BipAIri
KOAAAHbIAAADI.

AAanAQ, ayaHblH CbIMbIMAbBIAbIFbI LLUEKTEYAI Figure 2-aperianen CTakaHHbIH
6eTiH >aybIn Koncak, 6ipa3 yakblTTaH COH CyAblH OYAAHFAHbIH
6anKanMbi3.

Cy VCTiHAEri aya TOAbIK bIAFAAAAHFAH Ke3Ae Cy OYAaHYbIH TOKTaTaAbl.
Ocbl »XafaanAa, AFHU bIAFAAABIABIK MAaKCUMYM BOAFaHAAFbl Oy KaHbIKKaH
Oy Aen aTaAaAbl.



Condensing
malecules

Vaporizing
molecules

Figure Z

bIAFAAADBIADbIK >)XOHE TEMIEPATY PA

bIAFAaAABIABIKTbIH MakCMMaAAbl OOAYbI aya TeMMnepaTypacbiHa
6anAaHbICTbl. MbICaAbl, aya TeMmnepaTypacbl 20°C 60OACa, bIAFAAADBIABIK,
17.15 i/M* 6onaabl. AA, 35°C-Ta bIAFaAAbIAbIK 39.30 r/m3. Table 2.4 -pe
6acka Aa MbICaAAAPAbI Kepyre 6OAaADI.



Temperature [°C] | Maximum hurmnidity [g/m’)

100 h88.21
4() _ H0.67
30 30.08
2 17.15
U 9.36
{ 4.87
-10 216
30 0.33
-5 _ (.04
-20 0.0007
Table 2.4

KAMHAY >XOHE AYA KbICbIMbI

AAADBIHFbI cabakKTapaaH, cy 100°C-Ta KaHaWTbIHbIH 6iAeMi3. Bipak
KanHay TeMnepaTypacbl aya KbICbIMbIHA AQ BAMAAHbICTbl €KeHIH eCcTireH
LblFapcbi3pap. Erep, 6i3 7000 M BUIKTIKTE CyAbl Kbi3Ablipcak, oA 70°C-Ta
KanmHanapbl, Figure 3. OcblpaaH, CyAblH aMHAAACbIHAAFbl aya KblCbIMbl
a3amnca, OHblH KaHay TeMnepaTypacbl TOMEHAEN TYCEAI AereH
KOPbITbIHAbIFA KEAEMI 3.



Figure 3

ADA COAAN, aya KbICbIMbl apPTKAH CaMblH, CYUbIKTbIH KanHay
TeMnepaTypacbhl Aa apTa TyCeAl. BYA KacneT TaMak AanblHAAYAQ
KOAAAHbIAaAbI, Figure 4. MbicaAbl, eTTi Ka3aHAa MNicipy YWIiH 2-3 cafFaT
KeTeTiH 60ACa, Figure 4-Teri KepceTiAreH KbiICbIMMEH MiCipiAeTiH

Ka3aHAa 1 caraTTa niceal. AereHMeH, MYHAAM blAbICTbl KOAAAHFAHAAQ
abanm 6OAY Kepek.



Figure 4

RESEARCH TIME

BipAaen eki LWblHbl HEMecCe MAACTUK CTaKaH aAblHbl3. CTaKaHHbIH,
XaPTbICbIH bICTbIK CYMEH TOATbIPbIHbI3 (aban 6OAbIHbI3).

blcTblK Cybl 6ap CTakKaHHbIH YCTiHE 6OC CTaKaHAbl OPHAAACTbIPbIHbI3. 3-
4 MMHYTTaM BaKblAaHbI3.

a) He 6bankaabiHbI3? CebebiH TYCIHAIPIHI3.

9) CTakaHHbIH YCTIHE MY3 KeCeKTepiH KoncaHbl3 He bonaabl? CebebiH
TYCIHAIPIHI3
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EXAMPLE

The container of 20 m?® is at 40 °C. The container contains saturated
water vapour. How much water will condense if we decrease
temperature till O °C?

Solutions:

1. The maximum amount of water at 40°C is:

50.67 9/m*x 20 m*=1013.4 g

2. The maximum amount of water at O °C is:

487 9/m*x20m®*=974g

3. Temperature decreases, and then the amount of water in air
decreases.

Therefore, 1013.4 g - 97.4 g = 916 g of water will condense.

ACTIVITY

Look at Table 2.4.

It is clear that the "capacity” of air increases as the temperature
becomes higher.



a) Construct your theory that can explain this.

b) What if the "capacity” of air would decrease with the temperature of
the air? How would it change the world?

FACT

A camel can live without water for about 35 days. The source of water is
not its hump. Camel can take water from the air. This is the property of
camel’s nose.

ART TIME

Produce and perform a dance that explains “saturated and unsaturated
vapour”. Show the dance to your parents, teachers and friends.

LITERACY

1. Bipaen TemnepaTypa 6OACa A, bIAFAAADLI XXep (AXKYHIAN) He
cebenTi WweA (caxapa) >XepAeH bICTbIK ODOAbIM ce3ineai?

2. OHTYCTIK NOAKOCTEN apaMAap He YLiH 15-20 MUHYTTaH apTblK,
YXYMbIC ICTEN aAMaNADbI?

3. AyaHblH bIAFAAAbIAbIFbI Kewke 15 i/M* , an TaHepTeH 10 /M 3 6OACa,
kKeneMi 40 M 3 6enMepe KaHLLa Cy KOHAEHCauMaAaHaAbl?

4. TeHi3AEep, MYXUTTAP >XOHE KOAAEP dpAanbIiM BYyAaHbIM XaTaAbl. He
VLIH OAQpP KypfFan KeTnenai?

5. Figure 5-Teri KypaA He YLWiH A€l OMAancCbI3?
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6. Bip WbIHbI CyAbl KOCMOCTA aLuca, He 6OAYbl MYMKIH?
7. KbICbIMbl YAKEH bIAbICTa TaMaK HEAIKTEH Te3ipek niceai? He cebenTi

OA KayinTi?

TERMINOLOGY

evaporation - 6yaaHy / ncnapeHue
humidity - bIAFAAABIABIK / BAGXXHOCTb

[ ]
[ ]
e dry - KypFakK / cyxomn
[ J

saturated vapour - KaHblkKaH 6y / HacbILLEeHHbIN Map



LABWORK 2

TITLE:

Latent heat of fusion

OBJECTIVES:

e To measure initial temperature of ice and a final temperature of the
ice-water mixture.

e To apply the specific heat capacity equation for calorimetry and
equation for melting to calculate the latent heat of fusion of ice.

MATERIALS LIST:

calorimeter

hot water

beaker

electronic (or mechanical) scales
thermometer

hot plate

stirring rod

ice

XN HAWN



SAFETY:

HWN

o »

. When using a burner or hot plate, always wear goggles and an apron

to protect your eyes and clothing. Tie back long hair, secure loose
clothing, and remove loose jewellery. In a case of emergency, call a
teacher.

Never leave a hot plate unattended while it is turned on.

If a thermometer breaks, notify the teacher immediately.

Do not heat glassware that is broken, chipped, or cracked. Use tongs
or a mitt to handle heated glassware and other equipment because it
does not always look hot when it actually is.

Allow all equipment to cool before storing it.

Never put broken glass or ceramics in a regular waste container. Use
a dustpan, brush, and heavy gloves to carefully pick up broken
pieces and dispose of them in a container specifically provided for
this purpose.



THEORY:

Q=mxcx AT

given taken

Q=m x

fusion

Q=mxcxAT

Q_given = Q_taken
Q=mxXxA

What is Q? What is the unit of measurement of Q?
What is m? What is the unit of measurement of m?
What is ¢c? What is the unit of measurement of c?
What is AT? What is the unit of measurement of AT?
What is A? What is the unit of measurement of A?



PROCEDURE:

1. Read the entire lab procedure, and plan the steps you will take.

Determine which steps can be performed while you are waiting for

the water to heat.

Record your data in the data table.

Choose a location where you can set up the experiment away from

the edge of the table and from other groups. Make sure the switch of

the hot plate is in the “off” position before you plug it in.

4. Turn on the hot plate and adjust the heating control to heat the
water.

5. Use the thermometer to measure the temperature of the hot water.

(Note: When making temperature readings, take care not to touch

the hot plate and the water.)

Use the scales to measure the mass of the hot water and ice.

Use the stirring rod to gently stir the mixture of hot water and ice in

the calorimeter. Do not use the thermometer to stir the water.

Measure temperature of the mixture.

If ice remains to pour water into the sink (but not ice).

. Measure the final mass of ice.

11. Clean up your work area. Put equipment away safely so that it is
ready to be used again.

ANALYSIS:

NN

N O

O © ®

1. Measure the final temperature of the mixture.

2. Calculate the energy transferred to the ice.

3. Calculate the energy transferred from the hot water.
4. Determine latent heat of fusion of ice.

CONCLUSIONS:

1. Explain why the energy transferred as heat to the ice is equal to the
energy transferred as heat from the hot water.

2. Explain why theoretical and experimental values of latent heat of
fusion of ice are different.

3. How would your results be affected if the initial mass of the ice is
much bigger than the mass of hot water?

4. What is the purpose of the calorimeter in this experiment?






SUMMARY

e Melting: When bonds between molecules and atoms become weaker.

HHNO) e
OO0, ¢

SOLID LIQUID

e Every solid melts at a certain temperature - melting point.

e The energy needed to melt 1 kg of solid substance is called specific
latent heat of fusion (A), and it depends on the type of the
substance.

e The formula for melting:

Q = m X A
heat mass specific latent heat of fusion
(Joules, J) (kilograms, kg) (Joule/kilogram, J/kg)

Q=mxA

Q - heat. Unit: [ J ]

m - mass of a substance. Unit: [ kg ]

A - specific latent heat of fusion. Unit: [ J/kg ]

Freezing is opposite process of melting.

That’s why we can use specific heat of fusion (A) for melting and

freezing.

e Particles with higher kinetic energy sometimes can escape from the
liquid. Escaped particles turn into gas. This is called evaporation.

e When we heat a liquid, the liquid can reach the temperature of
maximum and evaporation rate, it’s called boiling.

e The temperature of maximum evaporation rate is called boiling

point.



Figure 1(a) Evaporation Figure 1(b) Boiling

e When a liquid gets heat at boiling point, bonds between particles
break.

e The energy needed to boil 1 kg of a liquid is called specific latent heat
of evaporation (r).

&
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e The formula of energy needed to evaporate or boil a liquid:

Q - m X I
heat mass specific heat of
(joules, J) (kilograms, kg) vaporization

(Joule/kilogram, J/kg)

Q=mXxr

Q - heat. Unit: [ J ]

m - mass of a substance. Unit: [ kg ]

r - the specific latent heat of evaporation. Unit: [ J/kg ]
Condensation is opposite of boiling.



States of matter
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PROBLEMS

FILL IN THE BLANKS WITH APPROPRIATE
WORDS.

1. AT is the difference between the .................. and.......cccoeueee. temperatures.

2. The unit of heat energy in Sl units is ..................

3. The e unit is widely used to measure the energy of foods.

4.1 jouleis the ....cooueeeeene required to raise the temperature of 1 kg of pure
.................. by 1°C.

5. The e e, is the change in state of matter from liquid to
solid

6. The e e, is the temperature at which boiling occurs.

7. If a solid is dissolved in a liquid, the liquid freezes at a ..................
temperature.

8. When a liquid evaporates, it .................. energy from its surrounding; as
a result the surroundings.................. .

ANSWER THE QUESTIONS

1. What does the temperature change of matter depend on?

2. Does a substance that heats up quickly have a high or low specific
heat capacity?

3. Which one warms up faster when heated, iron or silver?
4. Explain the structure of a calorimeter and how it is used.

5. Desert sand is very hot in the daytime and very cool in the night-time.
What does this tell you about its specific heat?

6. Explain the atomic structures of solids, liquids and gases.
7. What is the process of melting?

8. What factors affect the melting point of ice?



9. Explain the process of freezing.
10. In what ways is the expansion of water different from other liquids?
11. Why does ice form at the surface of water but not at the bottom?

12. Explain why do people tend to feel hot and uncomfortable on a humid
day.

13. Why is it important to protect water pipes from freezing?
14. What is the specific latent heat of fusion?
15. What is the process of boiling?

16. What is the difference between the processes of boiling and
vaporisation?

17. Give two ways in which the boiling point of a liquid can be raised.
18. Explain why in a warm room condensation forms on a cold window.
19. How does a refrigerator work?

20. What are the factors affecting the boiling point of liquids?

21. How do you lower the melting point of a substance?

SOLVE THE PROBLEMS

1. An object is heated from 200 K to 350 K. What is the temperature
change according to Celsius (Centigrade) scale?

2. Initially, ice is at -25 °C .Then, it is heated and transformed into vapour
at 130 °C. How many times does a thermometer show constant values
during this process?

3. A solid object is heated. The table shows the temperature change of
the object with time.

Time (min)| 3 | 6 | 9 |12]15|18|21|24|27|30 | 33|36|39
Temp (°C) |8 | 9|9 |10|12|14|17[19|23|23 | 23|24 |25

a) Draw the temperature-time graph of the table.

b) What is the melting point of the object?



c) What is the boiling point of the object?

ANSWER THE TEST QUESTIONS - |

1. A calorimeter contains water at O °C and pieces of floating ice. If the
water is stirred with a metal bar for a while, which one of the following
can be observed?

A) Some of the ice pieces melt.

B) Some of the water freezes.

C) All of the water freezes.

D) Nothing changes.

2. The amount of heat needed to change the temperature of a unit mass
of a substance by 1°C is called:

A) Heat of vaporisation
B) Specific heat capacity
C) Heat of fusion

D) Heating value

3. Two blocks of copper and aluminium have the same mass and
temperature of O °C. They are dropped into two different calorimeters.
Each calorimeter has water of 100 g at 60 °C. Take specific heat capacity
of calorimeters to be zero. Which ONE of the statements is correct when
calorimeters reach thermal equilibrium?

A) The copper has a higher temperature than the aluminium.

B) The copper has a lower temperature than the aluminium.

C) The temperatures of the two calorimeters are the same.

D) The answer depends on the volumes of the metal blocks.

4. Which of the following is the process by which a solid changes directly
to a gas”?



A) Melting

B) Evaporation
C) Freezing

D) Sublimation

5. When a sample of vapour condenses into a liquid, ...
A) it gains heat.

B) it loses heat.

C) its temperature rises.

D) its temperature drops.

6. In the Sl unit system heat is measured in
A) Newtons

B) Kilograms

C) Metres

D) Joules

7. During boiling of water,

l. the molecules of water move faster.

ll. the temperature of water increases.

IIl. the water molecules move slowly.

V. the temperature doesn't change.

Which of the statements above are correct?
A) |l and Il

B) LI IV

C)land IV



D) I, Il and IV

8. 100 g of water at O °C is added to 80 g of water at 90 °C. Calculate
the final temperature of the mixture.

A) 20 °C
B) 40 °C
C) 45 °C
D) 60 °C

ANSWER THE QUESTIONS 9,10 AND 11
LOOKING AT THE INFORMATION BELOW.

An iron block at 200 °C is dropped into a calorimeter which contains 50
g of water. The calorimeter is tightly closed. The graph below shows the
temperature changes of water.

A Temperature (°C)
140 -

100 -
60 -

Time

e - e R e R e e

e ER T ER W BN ER W W
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9. What is the final temperature of the iron?
A) 60 °C

B) 100 °C

C) 140 °C

D) 200 °C

10. How much energy did the water gain when it became vapour at 140
°C?

A) 24 kJ
B) 27 kJ
C) 28 kJ
D) 12.5 kJ

1. What is the mass of the iron?
A) 5 kg

B) 2 kg

C) 200 g

D) 500 g

ANSWER THE TEST QUESTIONS - i

The figure shows a temperature-time graph of a solid. Answer the
questions 1, 2, 3 and 4 according to the graph.



A Temperature ('C)
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S | Tim

1. Which part of the graph shows the liquid state of the substance?
A)

B)

C) IV

D)V

2. What is the melting point of the substance?
A) 700 °C
B) 500 °C
C) 150 °C
D) 100 °C

3. What is the boiling point of the substance?
A) 700 °C

B) between 700 °C and 500 °C

C) 500 °C



D) 150 °C

4. In which part of the graph do both liquid and gas
states of the substance exist?

A)

B) Il

CH i

D) IV

5. Circle the incorrect statement below.
A) During state change of a substance, temperature changes slowly.

B) The specific heat of fusion of a substance is equal to the specific heat
of freezing of the same substance.

C) Evaporation is the change from a liquid state to a gaseous state.

D) The heat lost is always equal to the heat gained in a closed system.

6. Which one of the following cannot be a unit of specific heat capacity?
A) J/kg K
B) J°C

7. We have two containers. One contains water and the other contains
olive oil. Both liquids have the same mass and the same temperature. If
we supply equal amounts of heat to both, which one of the below will be
correct for the final temperatures of the liquids?

A) T _water = T_oil
B) T_water > T_oil

C) T_oil > T_water



PHYSICS IN LIFE

1. Why do hail, rain and snow fall from clouds? How do clouds form? Is
it cold or hot high in the sky? Why do mountains have snow on their
peaks even in summer?

2.

3. How does dew form? Why do we usually see dew in the morning?

4. Why do fog and mist form? When do fog and mist form?



5. At the top of Everest you can heat water until 70 °C and not higher.
Why?
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3.1 FIRST LAW OF
THERMODYNAMICS

YOU WILL:

e - explain the first law of thermodynamics.

QUESTION

fuel

s oy

il . P exhaust

Why do cars have exhaust pipes?

FIRST LAW OF THERMODYNAMICS

KenaikTep >xaHapMarAblH KeMeriMeH >kypeai. OHbIMEH KOCa, >xaHapMal
YXaHFaH Ke3A€E KOAIK KO3FAATKbILLbl Kbl3aAbl YXOHE CbIPTKA bICTbIK ra3
BeAiHeal. BYA aHepruaHbiH 6ip BOAIri XXbIAyFa alHaAbIM, CbIPTKa
KeTeTiHIH BinpipeAail. AA, SHEPIrUAHbIH eKiHLI BOOAIri KOAIKTI KO3FaATyfFa
>XyMcanaabl, Figure 1. Mbicaabl, 6eH3UH »XaHFaHaa 1000 AXK sHeprus
Boenepil. OcbiHbliH 300 A>K aHEPIrUACHI KOAIKTI KO3FAATYFa >XYMCAACA,
KaAFaH 700 AXK >XXbIAYAbIK aHeprmara anHaAaabl. XKbIAY npoLueciHAEr|
SHEPrmnsaHbliH TYPAEHYIH "TepMOAMHAMUKAHbIH OIpiHLLI 3aHbl" XXaKCbl
cunaTtTamabl. "Thermo” - "KbIAY", aA "dynamics” - "KO3FaAbIC" AereHAl

BinpipeAl.



"Heat + Exhaust)
700

B sie
== 'hf‘._}___i___.f
Figure 1
TepMoAMHAMMKAHbIH BipiHLLI 3aHbl:
Q=AU+ A
Q = AU + A
Heat Change in Work

internal energy

>KorFapaafbl MbiCaAaa

- 300 Ak pereHiMi3z namapaAbl >xymbic (A)

- 700 ApK AereHiMis iWwKi aHeprmnaHblH e3repici (AU)
- 1000 Ak paereHiMi3 XKbiay (Q)

"ILUKI SHEePrunsaHbiH 63repici” AereH TYCIHIKTI, XXyneaeri kembip
3aTTapAblH TeMMepaTypacblHblH 63repyiHe KoApAaHaMbl3. XKoFapaa
KEATIPIAFE€H MbICAaAAA OA KbI3FaH KO3FAATKbILL YXoHe BOAIHreH ra3 60AbIM
Tabbinaabl. Cebebi onapAblH TEMMEPATYPAChI ©6CEA|, AFHU ©3repeA,.

TepMoOAMHAMMKAHbIH BipiHLLI 3aHbl KE€3 KEAreH, CbIPTKbl OpTaMeH
3HepPrma aAMacaTbliH, XXYMe VLUIH XXapaMAbl. XKoHe aHeprmua KOAAAHbIM,
YXYMbIC Y>XaCanTbIH Ke€3 KEANeH KYPbIAFbIFa KOAAAHbBIAA aAaAbl. Backa aAa
MblCaAAaPAbl Figure 2-Ae KeATIPIAreH.



Electric Mator Cell phone

Energy of coal = Melion

Elociric enorgy ==
Screen, Calls, Internel

Electric energy -+ Litting objects

Figure 2

ACTIVITY

Op CypeTTeH NamaaAbl XXYMbICTbl (A), iLLKi aHeprmnsa e3repiciH (AU)
YXOHE TOAbIK aHeprmaHbl (Q) aHbIKTaHbI3.

1. BaAa TYCKi aCcTaH KeMniH CbIpTKa OMHayfa LWblfaabl. BaAaHbIH A€HECIHIH
TeMnepaTypacbl 36.6°C. CbIpTKbl aya panvblHblH TeMnepaTypacbkl 23°C.

2. DAEKTP MaLUMHAaCbl KO3FaAbI KEAe XaTbIp.



3. ¥LWaK YLLUbIN KEAE >XaTbIp.

' F._If ] i’ﬁ'ﬁ?ﬂﬂ‘ LLET

L=

4, 9ye LWapbl acrnaHAa KaAKbIn TYp. LLapAbIH IWWIHAEM ayaHbl KbI3AbIPY
VLIH ra3 KOAAQHbIAAADI.



5. AeKTp CTaHUMACHI CyAbl KaMHATY YLWIiH KeMip »afFaabl. Cy bybl
TYPOUMHAHbI )XoHEe reHepaToOpPAbl aHAAAbIPAaAbI. AA FEHEepPaTOpP IAEKTP
3SHEPrunsacCbiH LUblIFapaAbl.



Water vapour

electricity

EXAMPLE

A crane engine uses 80000 J obtained from diesel burning. It spends
30000 J to lift a container. What is the change in internal energy? Where
does this energy go?

Solution:
Q =80 000 Joules
A =30 000 J

Q=AU+ W



AU=Q-W
AU =80 000 J - 30 000 J
AU = 50 000 J

Cranes engine becomes hot; engine produces hot exhausts and sound.
All of these take energy away.

FACT

When snow falls, the air becomes warmer. Water clouds release energy
to become snow (ice). This energy heats up air.

FACT

The first law of thermodynamics is the law of conservation of energy in
thermal processes.

ART TIME

Make a model of a heat engine. Show it to your parents, teachers and
friends.

LITERACY




1. Exhaust takes away 250 J. Engine is heated by 150 J. 100 Joules go
to make the car move. How many Joules does gasoline produce?

2. Gasoline gives 800 J to the engine cylinder. Then, piston rotates
shaft and shaft rotates wheels. 200 J are used for to rotate wheels.
How many joules do go to exhaust pipe?






3.

“Baikonur” launches a new space rocket. How does rocket spend
energy of fuel? Describe it.

There is a machine that lifts heavy objects. Imagine that you can use
first law of thermodynamics in the following: A > Q. What can you
say about this machine? Where can we find such machine?

What do you think about AU? Is it a good thing that we have? Is it
better to have greater AU or smaller AU? Why?

TERMINOLOGY

work - >xyMbic / paboTa

internal energy - iWKi aHeprua / BHYTPEeHHAa aHeprmug
to determine - aHbIKTay / onNpeAeAnTb

cylinder - ULMAMHAP / UMAUHAP

wheel - peHreaek / koneco



3.2 SECOND LAW OF
THERMODYNAMICS

YOU WILL:

e - explain the second law of thermodynamics.

QUESTION

Look at the flower. Is it possible to reverse the whole process? Explain
your answer.

SECOND LAW OF THERMODYNAMICS

YKbIAY Oip XepAeH eKiHLI XXepre 6epiAeTIHAINH aAAbIHFbI
TakblpbiNnTapaaH 6ineMi3. Figure 1 a >xoHe Figure 1 b cypeTTepae >XbIAY
bICTbIK AEHEAEH CYbIK AeHere bepineai. XXeHe OyA npouecc bip 6afbITTbl
BoAaAbl, AFHU OHbl Kepi 6barbITTan aAManMMbI3. AeHeAep XbIAYAbIK Tene-
TEHAIKKE YXeTKeH Ke3ae, Figure 1a, oAap e3AiIriHeH bypbIHFbI
TeMnepaTypaAapblHa KanTa opaAa aAManAbl. BYA XbIAY NpoueciHiH

KA TbIMCbI3AbIFbl A€M aTaAaAbl.
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FZUE 1D

TepMoAMHAMMKAHbIH BipiHLI 3aHbl 9HEPTrUAHbIH CaKTaAybIHA
HerispeAreH. AAamAaa XKbIAY NMPOLECTEPIH TOAbIKTaAM cunaTTayra OyA 3aH
YKETKIAIKCI3. Cebebi OyA 3aH XbIAY OEpPIiAYiHIH OaFbITbiH HAKTbI
aHbIKTaManAabl. MbicaAabl, Figure 1 b cankblH poeHeaeH 200 AXK >KbIAY
aAbIM, >XXbIAbl AeHere bepai AeAiK. BYA TepMoaAMHAMUMKAHbIH BipiHLLUI
3aHblHA KapaMa-Kanllbl eMec. AAanaa, MYHAAWM >XbIAY aAMacCyAblH OPblIH
aAybl ©3AINHEH MYMKIH eMecC eKeHiH 6ineMi3. COHABIKTAH Ad >XbIAYADIK,
npouecTepiH 6aFbITblH HAKTbIAAM, TEPMOAMHAMUKAHbIH €KiHLUi 3aHblH
ecKepyiMi3 kepek. byA 3aHHbIH eKi Heri3i 6ap:

a) XKbIAy ©3AIrHEH CYybIK AEHEAEH bICTbIK AeHere bepine aAManAbl;

) XKbIAyAbl TOABIKTaM ManmAaAbl XXYMbICKa alHaAAAbIPA aAaTblH MaLLMHA
»Kacay MYMKiH eMec.

TepMoAUHAMMKAHbIH, eKiHLUi 3aHblHbIH BipiHLUI BOAIri XXbIAY
NPoLUeCcTepPiHIH KanTbIMCbI3AbIFbl TYPAAbl aknapaT 6epeai. Mbicanbl, 6i3
bICTbIK CYAbl CybIK CYMEeH apaAacTblpaMbi3. bICTbIK Cy XXbIAY 3HEPrMACbIH
6epin, CybIK CY ADA COHAAW MOALLEPAE XbIAY SHEPIMACbIH aAdAbl Ad,
eKeyipe opTakK TeMnepaTypara KeAeal. AAanmaa, Kepi npoLuecc e3AIriHeH



H6oAManAbl, AFHM BAacTanKblAaM bICTbIK CY MEH CYbIK Cy OOAEK LUbIFa
aAManAbl.

3aHHbIH eKiHLWi B6OAIri 6apAbIK XbIAYAblI MANAAAbI XXYMbICKa aHAAAbIPY
MVYMKIH eMecCTIrH KepceTeAl. MbiCaAbl, MalLUMHAHbIH MOTOPbLI. MOTOP
YXYMbIC ICTEreH Kesae, OA BDAPAbIK XbIAYAbIH OEAriAi 6ip MOALLEPIH ILLKI
3HEPrnACbIH apTTbIPY YLWIH XXYMcanabl (MOTOP Kbl3aAbl YXOHE CbIPTKa
TYTIH WbiFapaabl). CoOA cebenTi, NanAaAbl XXYMbIC TOAbIK XbIAYAAH a3.

TepMOAMHAaMUKaHbIH eKiHLLi 3aHblIHbIH OCbl XbIAYAbI TOAbIKTa MavAaAbl
KYMbICKa alHAAAbIPa aAaTblH MalLUMHa »Xacay MYMKIH eMecCTiriH

BIAAIPEAL

DISCUSSION

"Time travel”
Sometimes the concept of irreversibility from the second law of

thermodynamics is applied to other fields. For example, time travelling.
Discuss the relation of the law and time travelling.

RESEARCH TIME

i, i
o = ..-F;-ﬂu

Materials: pan, 5-10 balls of two different colours

Procedure: put them in order as in the picture below, then shake the pan.
What happens to balls? Can you bring them to their initial position only
by shaking the pan randomly? If you add more balls would it be easier or
harder to return balls to initial order?



ACTIVITY

a) Can we name following examples as thermodynamic processes?
Prove your answers.

b) Are these processes reversible or irreversible?

1. Meltinganicecube  YES  NO

2. Sweatingin hotroom __ YES ___ NO

3. Drying of the drops onourskin ___ YES __ NO
4. Sittingonachair __ _YES __ NO

5. Runninginthepark _ YES __ NO

6. Eatingofthemeal __ YES __ NO

7. Writinganovel __ YES ___ NO
FACT

People tried to build a machine that can work without any energy source.
They called it "perpetual motion machine”. The laws of thermodynamics
proved that it is not possible.

ACTIVITY

Draw any 4 processes that are irreversible. Now imagine that they are
reversible. How would it change our world? Would it be good or bad?
Why?

ART TIME

Make a video that contradicts the Second Law of Thermodynamics.
Show the video to your parents, teachers and friends.

LITERACY

Answer the questions and explain your answers.



Can a broken glass become unbroken again by itself?

Can a hot cup of tea in a cold room become hotter by itself?

Can an apple that falls from a tree jump back to the tree?

How can we design a car that makes no exhaust and does not heat
up?

What if the second law of thermodynamics would not work at all?
Explain your answer and give examples.

PWN

U1

TERMINOLOGY

irreversible - KanTbIMCbI3 / HEOBPATUMbIN
to reverse - Kepi LWeriHaAipy / o6paTUTb
previous - aAAbIHFbl / MPeAbIAYLLNIN
randomly - kesapencok / CAy4yamHo

order - kKaTap/NoOPAAOK



3.5 HEAT ENGINES

YOU WILL:

e - describe transformations of energy in heat engines;
e - explain working principles of internal combustion engine and steam

turbine.
QUESTION
-‘E‘_. r T : : - Il‘:—-—
0—0— g — s

Why do we use cars, trains, airplanes and ships? How do they work?
What do they have in common?

HEAT ENGINES

YKbIAY TeK bICTbIK AEHEAEH CYbIK AeHere Kapawn b6epineail. ByYA "bIcTbiK"
MOAEKYAAAAPAbIH BeAceHAT KUMbIAAAYbIHAH 6oAaabl. OCbIHAAN >XbIAY
6epiAy aFblHbIHA MOPLLUEHbAI KOAP BOACAK, bICTbIK MOAEKYAAAAP CYbIK,
MOAEKYAAAAPAbI KyLUNeH ntepeali, Figure 1 a.



Hot Cold

molecules

molecules

Figure1a

ATaAFaH KYLTI )XYMbIC aTKapPYLLbl KO3FAATKbILLTbI XXacayAad KOAAAHYFA
6oAaAbl. MbiCaAbl, ayblp 3aTTapAbl KeTepeTiH MalumMHa, Figure 1 b.
CypeTTe afFall >XaHY apKblAbl ra3Abl >XbIAbITaAbl. [@3 MOAEKYAAAAPbIHbIH
XXbIAAAMADBIKTAPbl apTbin, Fra3AblH KOAEMI YAFAAAbI. [a3AbIH YAFAIObI
MOPLLUEHbAI XXbIAXKbITaAbl. [NopLUeHb BOACA XKYK KOTepeAil, AFHN XXYMbIC
aTKapaAbl.



Wood

Figure 10

YKbIAy 6epiAYiH KOAAAHA OTbIPbIM XYMbIC YXaCalTblH K€3 KeAreH
MaLlLMHaHbI XXbIAY KO3FAATKbILLbI A€M aTarMbl3. KeAikTep, Monbi3Aap,
YLIAKTap >XoHe KeMeAep XbIAY KO3FAATKbILLTapFa MbICAaAAAP.

KbIAy KO3FAATKbILLbl OTbIHAbI YXaFy apKbliAbl >XbIAY [Q] anaabl. Ocbil
YXbIAYAbIH 6ip 6eAiri >xyMbic [A] »KacayfFa >XYMcaAaabl. AA eKiHLI BeAIri
MaLLUMHAaHbIH, KOpLUaraH ayaHblH, YXYNEHIH ILLKI SHEePrmacbiH ©3repTeAl
[AU]. Figure 1 b - re Ha3ap ayAapblHbI3.

AFaLl >xaHFaHAa 6eAniHeTiH aHepruga [Q]. NopleHb >XYKTi KeTepeai [A].
[@3, New »XaHe ayaHblH TeMnepaTypacbl eceai [AU]. AA eHAI MOTOLMKA,

CYHIVIPp KamblK, YLLIAaK >XoHe AOKOMOTUB YLWiH Q, A »XoHe AU aHblKTaun
anacbi3 6a?



EXAMPLE

An engine burns 6 kg of fuel and produces 6000000 Joules of useful
work in 10 minutes. 24000000 Joules goes to exhaust.

a) What is the useful power of engine?
b) How many Joules does fuel give?

c) How much energy does 1 kg of fuel give?

Solution:
EI] E- -_.|_-".-I: P x 1 b] EI-:-IFn b El.fr—'l.l ik E-‘-ﬂa.n-‘.:
b x 10¢= P x 600 E,. =24x100+6x 108
P=10"W E, .. =30x10° Joules
c]E  =mxqg 2nd way
30 x 10°=6 x g 1 kg q
g="5x10°J/kg b kg 30 x 10¢ Joules
1 kg = 30 = 10° Joules = 6 kg :-:-Energy
g=5 x 10° Joules
FACT

The most powerful engine in the world is “Wartsila-Sulzer RTA96-C”.



Weight: 2300 tons. Power: 80088 kW. It has 14 pistons. It can use up to
250 tons of fuel per day.

ACTIVITY

MbiHa TancblpMaaa Ci3 NOPLUEHbAI KO3FAATKbIL MNeH aya
TYPOUMHAAAPbIHbIH KaAal XXYMbIC >XaCaUTbIHbIH YAPEHECI3.

[MopLUeHbAI KO3FAATKbILLTAP: MalUMHAaAApP, YLLaKTap, KeMeAep,
MOTOLMKAAEP.

By TypbUHaAapbl: SAEKTP 3HepPrus CTaHUUACHI.

Figure 2 (Piston engine)
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Figure 3 (Steam turbine)
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Figure 4



electricity
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Figure 4

a) Figure 2 >xoHe Figure 3-ke KapaHblI3. Ocbl cypeTTep XXanAbl HE anTa
aAacbI3?

b) Figure 4 KapaHbI3. BYA KYPbIAFbIAGR KaAaWm >XYMbIC XXaCcanAbl?
TycCiHAIPIN KOPIHI3.

C) MopLUEHbAI KO3FAATKbILL XoHe By TypbuHanapbiH 6acka Kam >kepae
KOAAAHA anaMblI3? Kes KeAreH namAaAbl KYPbIAFbIHbIH CYPeTiH CaAblHbI3.

ART TIME

Make a video that explains heat engine. Show the video to your parents,
teachers and friends.

LITERACY

1. What do power stations use to rotate steam turbines?

2. Diesel generator burns 2 kg of diesel and produces 8 kW for in 60
minutes. How many joules does diesel give? How many Joules of
electricity does diesel generator produce? How many Joules do go
to exhaust? 1 kg of diesel gives 45 MJ (M = Mega =1000000).

3. A cruise ship uses one Wartsila-Sulzer engine. Time of travel is 12
days. How much diesel fuel does the ship need?



TERMINOLOGY

common - opTakK / obLwmin

submarine - cYHryip Kambik / NoABOAHAA AOAKA

piston - nopLueHb / nopLueHb

heat engine - >XbIAY KO3FaATKbILLbl / TEMNAOBOW ABUraTEeAb



3.4 EFFICIENCY OF HEAT ENGINE

YOU WILL:

e - determine efficiency of heat engine;
e - propose methods to increase efficiency of heat engines.

QUESTION

Gasoline=1000 J Gascline=1000 J
| Work=150J :

Work=400.

Figure |1

Look at the Figure. Which car uses energy in a better way? Why? Which
car produces more exhaust? Which one is more efficient?

EFFICIENCY OF HEAT ENGINE

BapAbIK >XbIAY KO3FAATKbILLUTAP XXYMbIC Xacay YLUiH >XbIAYAbI
KOAAAHaADbI. Figure 1-Al KapacaHbl3, (b) KeAIri >xakcblpak eKeHiH
TycCiHyre 60/\aAbI cebebi 0N KebipeK >KYMbIC >Xacan anapbl. BYA coa
KOAIKTIH NanAanbl acep koappuumneHTi (MOK) >koFapbl ekeHiH BinaipeAil.
Manpanbl ocep KOapPULMEHTI AereHiMi3 nanaanbl >XyMbICKa
YXYMCaAaTblH BacTanKbl aHEPrnaHblH NambI3AbIK KepceTKiwli. AA, Figure
1-A€ KOPCEeTIAreH 2 KOAIKTEPAIH ManAaAbl 9cep KOapPULMEHTTEPIH
ecenTenik:

Car |a] Car [b]
Gasoline gives 1000 J Gasoline gives 1000 J
Werk: 150 J Work: 400 J
1000 J =100 % 1000 J =100 %
150J= X % 4000 =Y %
Solution for X: Solution for ¥:
X=15 Y= 40 %
ar |a) converts 15% of total Car |b] converts 40% of total

energy to work. Efficiency is 15%. | energy to work. Efficiency is 40%.



Manaanbl acep KoadpPUUMEHTIHIH POpPMYyAaChI:

_ Work o _ A o _ Q-AU
~ Total energy o= Q- 0= Q

n x 100%

NManpaAbl acep KoaddumnumeHTIHE Mblcanpap Figure 2-pe KepceTIAreH.

energy given efficiency lost enegy
100 I "hoy 15% 85

sirol

100 J [ Sigine 75 )
diesel

100 Engine 63 J
lectri

100 5 pELECtric 20 )

Figure Z

ACTIVITY

Ke3 KeAreH KypbIAFbl YLLIH ManAaAbl 8cep KOIPPULIMEHTI MaHbI3ADI.

a) He cebenTi, kembip KYPbIAFbIAGPAbBIH MAanAAAbl 9Cep KO3IPPUUMEHTI
YXOFapbl, aA KenbipeyAepiHiki TOMeH?

9) Ke3 KeAreH KYpblIAFbliHbIH ManAaAbl 9cep KOaPPULUMEHTIH KaAam
apTTblpacbI3?

6) TeMeHAeriAepAl YXaKCapTy YLUIH He »Kacap eAiHi3?



1. lNMopLeHbAl KO3FAaATKbILL

2. by TypbuHachobl

FACT

Supercharger (turbocharger) pushes more air into engine. Fuel burns
better and gives more energy.

Superchargers (turbochargers) increase efficiency.

FACT




Passenger cars have efficiency no more than 35%-37%

EXAMPLE

KypblAbicWblAap 50 ToHHa KipniwTi 20 MeTpre KkeTepy VYLiH ras
MOpPLLUEHAT KOAAQHAADL.

a) [a3AblH aTKapfaH >XYMbICbl HEre TeH?

b) Erep AU = 40000000 Ak eKeHiH biAceK, KeMipAeH BAapPAbIFbl KaHLUA
XbIAY aAbIHAbI?

c) OcCbl >XYMbICTbI aTKapy VYWIH KaHLUa KWAOrpaM KeMip Kepek?

d) BYA »XbIAY KO3FaATKbILLbIHbIH ManAaAbl 8cep KOaddULMEHTI KaHAaM
(MoK)?

Solution:



al WarklA) is change in potential energy of bricks

A=mxgxh

# =50 000 kg = 10 Nfkg = 20 m = 10 000 000 Joules
bl 15t law of thermodynamics:

I]__ = AL & A

G L =4l 000 00D Joutes + 10 000 D00 Joules= 50 000 000 Joules,
¢l Heat ot combustion:

X =m=q

50 000 000 Joules = m« 20 000 000 J/kg

m=25kg T
dl Efficrency formula 1 -.%ﬂl:ll:l*!-?:-. _ ___;_:_'__-

10 000 000 )
- 1000 100
'.l[l f;'{]f,' ”UU -:I h=30 ekeErs
=02 = 110%
1= 20 %

m=S0 tans

-
e T il

RESEARCH TIME

This is a candle boat. It uses heat to move. What kind of other devices
can you make?

LITERACY

1. A car uses an engine to move. 400 Joules go to exhaust pipe. 100



Joules are used to move the car. How many Joules does gasoline
produce? What is efficiency of the engine?

2. Gasoline and air burn inside the engine cylinder and give 800 Joules.
Gasoline pushes piston, piston rotates shaft, shaft rotates wheels.
200 Joules are used to rotate the wheels. How many Joules do go to
exhaust pipe? What is efficiency of the engine?

3. An oven burns 30 tons of coal (g = 30 MJ/kg) to heat water (C =
4200 J/kg °C) from 20 °C to 90 °C. Efficiency of oven is 65%. How
much water can it heat?

4. A student eats breakfast of 1000 kJ. Then, she goes running. Her
body spends 0.8 Joules of useful energy in 1 second. Efficiency of
human body is about 15%. How much time can she run on her
breakfast energy?

5. How can we get efficiency of 100%7?

ART TIME

Imagine the world where 200 % efficiency existed. What would be
different there? How good or bad would that be? Art time

TERMINOLOGY

e cfficiency - namaanbl acep KoadppuumeHTi / KoadduumeHT
MOAE3HOro AEMCTBUSA

e percentage - Nambi3AbIK KaTblHAC / MPOLEHTHOE COOTHOLLEHME

e shaft - niHAIK BiAiK / BaA



3.5 ECOLOGY AND ENERGY

YOU WILL:

e - estimate the effect of heat engines on ecology of environment.

QUESTION

Is smoke from cars, cigarettes, power plants and factories harmful? How
does it affect your health? How does it affect nature (air, water, soil,
plants, and animals)? Why do people use cars, power plants and
factories? Are there any alternatives?

ECOLOGY AND ENERGY

AAAM3aT SHEPIUACHI3 OMIP Cype aAManAbl. OMIPIMI3AE SHEPTIUAHbIH
TYP-TYPI KOAAQHbBIAAADBI. DHEPrnaHblH eH 6acTbl 5 Ke3i:

1. KASBA OTbIHAAP

KeMip, MyHaW >xoHe ras Kasbta oTblH 60AbIN Tabbinaabl. Ka3b6a
OTbIHAAPADbI KOAAAHY ap3aH api KOAAWAbL. AAanAQ, OAAPADbI YKafFy
aTMocdepaHblH YAbl Ta3A3aPMeH AACTaHYbIHA aAbIlN KEAGAI.



Natural
Gas

Coal Petroleum

Fossil fuels

2. BMUOMACCA OTbIHAAPDI

AFaLl, KOKeHIC MeH Te3eKTEeH aAblHaTblH Taburm raspap 6momacca
OTbIHAAPbI A€M aTaAaAbI.

rig-le
"

Biomass fuels

3. AAPOADbIK OTbIH

YpaH >XaHe NAYTOH AAPOAbIK OTbIHHbIH TYRIHE »XaTaAbl. AAPOAbBIK OTbIH
KOMIPKbILLKbIA ra3 LWblFapManAbl YXoHe eTe KyaTTbl 6OAbIMN TabblAaAbI.



Cebebi, 1 Kr aAPOAbIK OTbIHHbIH KyaTbl 2200 TOHHa KOMIPAIH KyaTbIiHa
LLaMaAac. AAanaa, SAPOADBIK OTbIH TIPLUIAIKKE aca KayinTi, cebebi OHbIH
apTblHAH KAaAFaH PAAMOAKTUBTI KOKbIC XXaKblH OPHAAACKaH TIPLUIAIK
9AEMIHE OpacCaH 30p 3UAHbIH TUTI3EAI.

Nuclear power plant

4. CY SHEPITNACHI

BYA aHeprmsaHblH CEHIMAI api Kayinci3 Typi 60AbiN Tabbinaabl. AAanaa
aca KyaTTbl 60AbIN caHaAManAabl. Cy 3AEKTP CTaHUMAAAPbI YAKEH
ayMaKTbl KaXeT eTeai. Kenbip Ke3aepi Cy aHEPIruaAcbiH KOAAAHY
OPMaHAAPAbIH KECIAIM, >xaHyapAap MeH Taburun arFbiCTapAblH
OY3bIAYbIHA aAbIN KEAYiI MYMKIH.



Water power plant

5. KYH >XX9HE XXEA 9HEPI'NACDI

>KeA >koHe KyH coyAeciHeH aHeprna anyra 6oAaabl. BYA sHeprmng
KO3AEpPi KAayirnci3 >kxoHe 3KOAOIMMAAbIK Ta3a OO0AbIN TabblAaAbI.

e

ACTIVITY

ENERGY DILEMMA



Any energy source has advantages and disadvantages. There are 4 main
factors.

a) Cost and power. How much should we invest in it? How much will
energy cost in the future? How powerful is this energy source?

b) Reliability. How is this source convenient to use? Will it ever end?

c) Scale. Does this energy source need big area? How many people can
use it?

d) Environmental effects. How safe is this energy source? How does it
affect people, air, water, soil, animals, and plants?

”‘F"L;ﬂd Reliability | Scale El:””f”:rt;“ Surn total
Fassil fuel

Biomass

Fuel

Muclear

fuel

Water

power

Solar and

Wind

Evaluate these energy sources by using scale from 1to 5 in the table.
Give the reasons for your choice.

RESEARCH TIME

Divide into groups and make presentations about "how people take
energy"” from these five energy sources.

ACTIVITY

RENEWABLE AND NON-RENEWABLE

a) Non-renewable.

This type of energy is finite. We need to wait millions of years to gain this
source again.

b) Renewable.

This energy source is not finite. When we use it, we can wait for a short
time to use it again. That means energy source will not end.



Divide 5 sources of energy into 2 groups: renewable and non-renewable.
Explain your choices.

ACTIVITY

200 YEARS LATER

The table shows how people use sources of energy in the world.

| Coal 30%

Petroleum | 26%
Gas - 20%
Biomass 14%
Nuclear 6%

:Water | 3%
' Solar and Wind 1%

Discuss in groups and answer the questions.

a) Why do people use some types of energies more than others? How
does each energy source affect people, air, water, soil, animals, and
plants?

b) Imagine the planet after 200 years. How will the data in the table
change? Draw your new table. Explain your answers.

c) Draw picture of the world after 200 years. Show life of people and
nature. Explain your picture to your friends.

ART TIME

Make an engine that does not harm environment. What materials can
you use?



LITERACY

. How do cars affect ecology? What happens if all people stop using

cars?

What happens to your health if ecology is bad? How can you make
ecology better?

Are there any other sources of energy besides 5 examples discussed
in this topic?

TERMINOLOGY

power plant - aAekTp cTaHUMACbl / SAEKTPOCTaHLUUA
factory - 3aybIiT / 3aBOA

alternative - 6banaMa / aAnbTepHaTMBa

harmful waste - 3MaHAbI KaAAbIKTap / BpeAHble OTXOADI
renewable - >xaHFbIPTbIAATbIH / BOSOOHOBASEMbIN



SUMMARY

e Conservation of energy in thermal processes is called the first law of
thermodynamics. “Thermo” means heat, and “dynamics” means

motion.
e \We can rewrite this law using a formula:
Q=AU+ A
Q = AU + A
Heat Changein Work
internal
energy

["Heat + Exhaust |
7000

N —

¥ VREEEET b b

e \We need to have additional law which includes direction of flow of
heat; it is called the second law of thermodynamics. This law has two
main parts.

e 3) Heat cannot flow from colder objects towards hotter objects by
itself.

e b) There is no such a heat machine a heat machine that can convert
all heat into useful work.



Belore Altar
T=100"C T=30"C Thermal Equilibrium

m Possible llow of heat

Befare After
T=100°C T=30°C

m Impossible Mlow of heat

e Any machine that uses heat to do work is called heat engine. Cars,
trains, airplanes and ships use heat engines.

Hot
molecules

Cold
molecules




Work

- 0 —
= Totalenergy | L

A
Q

e Efficiency is the percentage of total energy that goes to useful work.
e The formula of efficiency is:

Q- AU

x 100% = a

x 100%

energy given

efficiency lost enegy

100 J “gg“dg,“ 15% 85
1004 fﬁ;fﬁé 25% 75
100 4 [ Sesel 35% 65
100 J .ELE“”C 80% 20

motor




There are 5 main sources of energy.

Fossil fuel

Biomass fuel
Nuclear fuel

Water power

Sun and wind power

WD



PROBLEMS

THE FIRST LAW OF THERMODYNAMICS

1. A heat engine does 320 J of work, as it takes 700 J heat from gasoline.
What is the internal energy change?

2. The internal energy of a turbine increases by 280 J when it does 185 J
of work. How much heat did turbine take?

3. The gas sample in the frictionless cylinder-piston system expands. It

takes 175 J of heat energy. The mass of the piston is 50 kg. What is the
internal energy change of the gas during the process?

P =0

m=50kg y=10cm

.

HEAT ENGINES

1. A heat engine does 3000 J of work and releases 2000 J of heat from
its exhaust. What is the efficiency of this engine?

2. A heat engine of n = 30%, loses 5000 J heat. What is the work done



by the engine?

3. A steam power plant burns 50 tons of coal every hour. The useful
power of the plant is 130 MW. d_¢oal = 30 MJ/kg

a) How much useful energy does the power plant produce in 1 hour?
b) How much energy does coal give in one hour?

c) What is the efficiency of this plant?

4. Power plant of 500 MW of useful power has an efficiency of 0.45.
a) What is the useful energy produced by the plant per day?

b) How much heat energy is released to the surroundings per day?

5. A heat engine takes 480 J of heat. Work equals to one-fourth (¥4) of
change in internal energy. What is A and AU?

6. An automobile's motor produces 32 kW of useful power while it
travels 40 km at a constant speed of 80 km/h. During the journey it uses
4 kg of diesel fuel. Find the efficiency of the motor. (g_fuel =42 MJ/kg)
7. A car travels 300 km at a speed of 75 km/h. Efficiency of car’s engine
is 25%. Useful power is 52 kW. How much diesel fuel did car use?
(g_diesel = 42 MJ/kg)

8. Classify the following examples into two groups:

l. Allowed by first law, but not allowed by second law.

Il. Not allowed by both first and second laws.

a) A heat engine absorbs 100 J of heat and does 100 J work

b) A heat engine absorbs 100 J of heat and does 110 J of work

¢c) The cold body releases 20 J of heat, the hot body absorbs these 20 J
of heat.

d) A coin lying on a table suddenly gets colder by itself and jumps
upwards.

e) A glass of water at room temperature turns into ice, making the air
slightly hotter.

f) A mixture of salt and pepper is separated by shaking.

ANSWER THE TEST QUESTIONS




1.

l. heat

ll. carbon dioxide

[1l. oxygen

IV. combustible substance

Which of the above are necessary for burning?
A) LI I

B) Il, Il

C) LIV

D) I, 11, 11, 1V

2. Which one is not a property of a good fuel?
A) Must burn at a steady rate.

B) Must give energy in huge amounts.

C) Must not release poisonous substances.

D) Must be expensive.



PHYSICS IN LIFE

1. When you pour 10 litres of gasoline, the car “loses” about 6 litres.
What does it mean?

2. Airplanes use rotating turbines. Why?

3. There are some "explosions” in every car. Why?



4. We get about 60% of electricity from coal. How?

5. Wind turbines and solar panels are called “sources of green
technology”. What is the reason?






CHAPTER 4

ELECTROSTATICS

4.1 ELECTRIC CHARGE

4.2 CHARGING METHODS

4.3 CONSERVATION OF CHARGE. COULOMB'S LAW
4.4 ELECTRIC FIELD PART 1

4.5 ELECTRIC FIELD PART 2

4.6 ELECTRIC POTENTIAL. POTENTIAL DIFFERENCE
4.7 CAPACITANCE & CAPACITORS

SUMMARY

PROBLEMS




4.1 ELECTRIC CHARGE

YOU WILL:

e - characterize electric charge;
e - explain charging by friction and induction;
e - give examples of positive and negative effects of charging.

QUESTION

What is happening in the picture?

ELECTRIC CHARGE

An atom consists of 3 main particles: Nucleus: protons, neutrons and
electrons.

a) Protons: positive (plus) charges. The number of protons defines a



type of substance. For example, iron-26 protons, copper-29 protons.

b) Neutrons: neutral (zero) particles of an atom.

c) Electrons: negative charges (minus). They rotate around the nucleus.
Electrons help to connect to other atoms, Figure 1.

PP I

nucleu

Figure 1

3apsaarap bip-6ipiHe TapTbinaabl HeMece bip-bipiHeH Tebinea,.

ATTac (bipaen) 3apsaarap bip-6ipiHeH Tebineal, aA ap aTTac
(kapaMakapcbl) 3apaaTap bip-bipiHe TapTbiAaabl, Figure 2.
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Figure 2
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Figure Z

e- -4

Figure 2

3apsaAaTapAblH TAPTbIAYbl MeH TebiayiHe ceben 6OAaTbIH KyLU



INEKTPOCTaTUKaAAbIK KYLU A€l aTaAaAbl.

MbiCaA peTiHAe LallbiHbI3 MAACTUKAAbIK TapakneH TapaAFraHAa Tapak
INEKTPAEHeAIl. OCbl TapaKTbl YCAaKTaAFaH KaFa3AapFa XXaKblIHAATKAHAQ,
SAEKTPOCTATUKAADBIK KYLLUTIH 9CEPIHEH Kara3Aap TapakKKa TapTblAaAbl,
Figure 3.

Figure 3

MeTaAA eTKI3riTepAe SAEKTPOHAAP Bip AeHeAeH eKiHLI AeHere epkiH
OTIN KO3FaAa aAaAbl. AA NPOTOHAAP MEH HENTPOHAAP, aTOM AAPOCbLIHAA
OPHAAACKAHDbI YLIH KO3FaAa aAManAbl.

Tepic 3apsAATbl A€HEHIH 9AEKTPOHAAP CaHbl MPOTOHAAP CaHbIHAH
Kebipek BOACa, OH 3aPAATbl AEHEHIH MPOTOHAAP CaHbl DAEKTPOHAAP
CaHblHaH Ke6|peK 6oAaAabl. Erep Ae, AeHeAe IAEKTPOHAAP MeH
MPOTOHAAP CaHbl Bipaen BOACa, OA BerTapan 3apAATbl AEHE Aer
aTanaAbl.

9 e. © = F' - ®.. @
&Lﬁ A O R
o e [ © » ﬁ' &HVE‘ :
I." I-.ll '..&..& .-._.I I.I.-I @_

@ @ @ ‘@ e _ﬁ'
LT - Tt '“-___ﬂ_.r'
Neutral fluorine atom Megatively charged
9 protons [+9) fluorine atom

9 electrans |-9) 9 protons  [+9]

? electrons  [-9]

extra charge [-1]

A negatively charged atom
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Meutral lithium atom Positively charged
3 protons [+3) Lthium atom
3 electrons  [-3] 3 protons  (+3]

2electrons _[-2

extra charge 0 F
extra charge |+1]

A positively charged atom

IT-LINK

Go to phet.colorado.edu.

Search “Balloons and Static electricity” and “John Travoltage”.

FACT

Electric charge is a physical quantity and its S| unit is the Coulomb (C). In
practice, we use microcoulomb = uC = 0.000001 C and nanocoulomb =
nC = 0.000000001 C

FACT

Painting by charging. A car is positively charged. Paint droplets are
negatively charged. Paint lays thin and uniform.

EXAMPLE
Ne |  Proton Neutron Electron |  Positive Negative
1 2l 8 _ AN | A
2% | 16 _ 16 | 13
3 | 3 . 3 . 3
4| 26 01 024 @ | 2
5 | 2 L3 | 4

Fill the table.



RESEARCH TIME

LLIapAapAbl YpAEM, oAnapAbl 6ip-6ipiHe »aKblH IAIHI3 (TUrisben).
Toxkipnbe N21.

OAapAbl XXYHHEH >XaCaAFaH MaTaMeH YnKen, e3repicTi 6aKbIAaHbI3.

Experiment 1

Toxkipmnbe N22,

1-Wi WapAbl YXYHHEH »XaCaAfFaH MaTaMeH, 2-1i wapAbl HEMAOHHAH
»aCaAFaH MaTaMeH YMNKen, e3repicTi 6aKblAaHbI3.

woollen

cloth nylon

Experiment 2



LITERACY

When a bee collects pollen, it rubs itself with legs. Why?
What would happen if protons easily moved as electrons?
How can you prevent shock when you play on a plastic slide?
What is happening in the picture below?

APUWDN

ART TIME




Make origami (paper model) of an atom (protons, neutrons and
electrons). Show it to your parents, teachers and friends.

TERMINOLOGY

charge - 3apsa / 3apsa nucleus - aapo / 9Apo
electrostatic - aAnekTpocTaTUKaAbIK / 3AEKTPOCTaTUYECKHU
positive - oH / MOAOXUTEAbHbIN

negative - Tepic / oTpULaTeAbHbIN



4.2 CHARGING METHODS

YOU WILL:

e - explain charging by rubbing, induction and contact;
e - give examples of positive and negative effects of charging.

QUESTION

I
I

+ 4+ 4+ + 4+
I

What should you do with balloon to make it stick to the wall, as shown in
the picture?

CHARGING BY RUBBING



ByYA SAIC 9AEKTPAEHYAIH Heri3ri Typi 60Abin TabbiAaabl. EKi 3aTTbl Oip-
OipiHe YMKereH Ke3ae Oipi OH, aA eKiHLUICI Tepic 3apsaa anaabl, Figure 1.

HaTu>keciHAE, eKi AeHEe SAEKTPAEHIM, bip-bipiHe TapTblAAADI.

MblCaA peTiHAE, 300HUT TasaKLLUAChl XXYH MaTacCblHa YMKEATreH Ke3ae, 63
6oVblHa Tepic 3apsA aAblIM, TepIiC 3apAATaAaAbl. AA, X)XYH MaTa BOACa, OH

3apPAATaAAAbDI.

el
£

i

30

Figure 1

CHARGING BY INDUCTION

Tepic 3apaaTanFraH 3060HUT TagaKLacblH benTapan chepara
YXaKblHAATaMbIK, Figure 2. DAeKTPOCTAaTUKAADbIK KYLUTIH 9CepiHeH
6enTapan cdepaHbliH ePKiH IAEKTPOHAAPbI cdepaHblH apFbl beTiHe
bIFbICaAbl. HoTM>KeciHAE cdepaHblH Bip »XaFbl OH, eKiHLLI XXaFbl Tepic

INEKTPAEHEAI.



Figure 2

CHARGING BY CONTACT

Erep aAe, Tepic 3apsaATaAFaH >xoHe benTapan AeHeAepAi bip-bipiMeH
OAMAAHbICTbIPCAK, SAEKTPOHAAPADBIH Oip BOAIri 3apaasTaAFaH AeHeAEeH
benTapan aeHere aybicaabl, Figure 3. Erep aAe, Tepic 3apsaaTanFaH AeHe
OPHbIHA OH 3aPAATAAFAH AeHe DOACA, HOTUMDKE KaAam e3repep eAi?

o -.I

negatively neutral
charged object conducting objecl

=
—
—

after
contact

Figure 3



WHAT IS AN ELECTROSCOPE?

Ke3 KeAreH AeHeHiH 9AeKTPAEHIreHiH 6banmkayfa apHaAFaH acnan
INEKTPOCKOM Aen aTaAaAbl. Figure 4-Te KepceTIAreHAEN MEeTAaAA KOpnycC
ILLIHAE MAQCTMACCa TbifblH APKbIAbI, YLUIbIHA XXYKA €Ki METAaAA TIALLEeAepI
OEeKITIATEeH, MeTaAA TasgKLLUa O©TKi3iAeAl. Aya bIAFAAAbBIAbIFbIHAH KOPFAHY
VLIH KOPNYC LWbIHbIMEH KanTaAaAbl. MeTaAA TadgKLla KOPNycTaH
OKLLUAYAAFbILL 3aTNeH BOAIHEAI.

DAEKTPOCKOMN HeriziHAe 6enTapan >kaHe OHbIH TiAleAepi Bip-OipiHe eTe
YKaKblH OpHaAackaH 6oAaabl. Erep Ae, 3AeKTPOCKOMKa 3apsaa bepiace,
METAAA TiALLeAep Bip-6ipiHeH TebIAIN, aALLaKTaNADI.

-
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GROUNDING



A charged object can also be grounded using a conducting wire.

For example: if a negative conducting sphere is connected to the earth
with a wire, as shown in Figure 5, the extra electrons on the sphere flow
to the earth and the sphere becomes neutral.

Figure 5

If a positive sphere is grounded, it attracts electrons from the earth
through the wire and the sphere becomes neutral, Figure 6.

neutral

EXAMPLE

A negatively charged object is brought near to neutral objects K and L.
What are charges of all objects when K and L are separated?



olution:



The negative charges of the sphere will repel some electrons from K
towards L.

As a result, K will be positively charged, and L - negatively charged.

Then, we separate K and L without moving the sphere. In the end, K
carries a positive charge, and L carries a negative charge.

RESEARCH TIME




copper wire

& B

]'2’."] ’j“lllllily

glass
J |ar
foil . |

strips

Make simple electroscope and check it.

ACTIVITY

a) Why does the woman feel electric shock?



Why does this happen?
Give more examples.
b) Electric shocks can be dangerous. Why?

What can we do to prevent accidents?




rubber  underground
pipe fuel container



Give more examples.
c) Electrostatics can be useful. How?

Explain pictures below. Give more examples.

Plastic wrap



Lightning rods.



It is a thick conducting wire with one end fixed at the highest point of the
building and the other end fixed to a metal plate buried deep in the
ground. A lightning rod provides the shortest path for electrons to travel
to the ground. In case of a lightning strike, the rod carries charges to the
ground without any damage to the building.

LITERACY

1. Describe how you could charge objects. Explain methods to measure
charge.



2. Explain methods to discharge objects safely, where grounding can be
used.

TERMINOLOGY

e induction - MHAYKLUMEA / UHAYKUMA
e grounding - >epre TymbiKTay / 3a3eMAeHune
e neutral - 6enTapan / HeMTpPaAbHbIN



4.5 CONSERVATION OF CHARGE.
COULOMB'S LAW

YOU WILL:

e - explain law of conservation of charge;
e - apply Coulomb's law for problem solving.

QUESTION

When you comb you hair, sometimes a comb can attract your hair.

Why does this happen?

CONSERVATION OF ELECTRIC CHARGE

Ke3 KeAreH AeHeHIH SAEKTPOHAAQP CaHbl 6Te Ken. TYCIHIKTI 60AYbI YVLUIH
OHbl BEATIAI CAHMeH cmnaTTanbIK. MbicaAbl, bip-bipiHE YMKEAETIH aye
LLapbl MEeH >XYH MaTaHblH 60oMblHAA 4 "MPOTOHHAH" >xaHe 4
"IANEKTPOHHAH" Bap Aen ecenTenik, Figure 1.
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number of charge will be conserved, 3 "electrons” passed from cloth ta

balloon, but total numbear of charges am the sama

We conclude that in any electrification process the sum of the electric
charges on both objects is constant. This is known as the law of
conservation of electric charge and can be stated as the total amount of
electric charge in an isolated system is constant. This is expressed as,

g, + G, * g, + .. + q_=constant

where g is the symbol for the electric charge on each object in the
process. Electric charge is a physical quantity and its Sl unit is the
Coulomb (C).

INTERACTION BETWEEN CHARGES. COULOMB'’S LAW

3apaATapAblH apacbiHAAFbl 6aMAAHbICTbl AAAbIHFblI TAKbIPbIMTA
KapacTblpraH eAiK, Figure 2.



Figure 2

AN COA 3apAATapPAbIH apacbiHAAFbI KYLUTI dpaHLy3 FaAbiMbl HapAb3
KYAOHHbIH YCbIHFaH, ®OPMYAa apKblAbl aHbIKTamn aAyfFa 60oAaAbl.

d,1 <14,
I

F=k

F - force between charges. Unit: Newton [N]

d, - charge one. Unit: Coulomb [C]

d. - charge two. Unit: Coulomb [C]

r - distance between centres of charged objects. Unit: meter [m]

k - constant number: 9x10° Nxm?/C?

1 KYyAOH eTe YAKeH LwaMa: 6.3x10'® saekTpoH 3apsaabl 1 KYAOH 3apsaAThl
Kypanabl. MaTepunanaap 6ip - BipiHe YMKeAreH kesae, LiaMameH 1
MUKPOKYAOH 33apaa Manaa 6boAaabl.

1 MUKPOKyAOH = 1 MKA = 107° KA =0. 000001 KA

TabwuraTTarbl eH Killi 3apsA OA SAEKTPOHHbIH 3apsAbl XXOHE OA



IAEMEHTAp 3apPgA A€M aTaAaAbl. DAEKTPOH € — 9priMeH BeAriAeHeA:
e =-16 x10"? KA - 3AeMeHTap 3apsa

[MPOTOHHbIH 3apPAAbl SAEKTPOHAIKIHE TeH, bipakK TaHbacbl OH.

Any charge of object could be divided to integer number of electrons, so

g=nxe

(n - integer number)

IT-LINK

Go to https:/phet.colorado.edu/
Search “Electric field hockey”

EXAMPLE

q,|=6pC

Calculate the force between two charges.

Solution:



Fok q, ;qz
F:(gxm‘-”)(me“ﬁ)(zxwﬁ]:zzm

(2><10-1]2

The force is a vector, so it is directed to each other, for example for
second charge; it's directed to the left.

FACT

Electrostatics in bakery.



In bakery flour particles are positive. Water droplets are negative. They
attract each other and mix.

ART TIME

Make a video that shows attraction and repulsion between charges.
Show it to your parents, teachers and friends.

LITERACY

1. You have a neutral balloon and woollen cloth. You rub the balloon
with woollen cloth. Balloon becomes negatively charged by -5 nC



(nano = 0.000 000 001). What is the charge of the woollen cloth? Is
it positive or negative? Why?

2. The 10 nC balloon and 10 nC balloon are on the distance of 1°Cm
from each other. Do they pull or push each other? Why? How many
Newtons is the electric force? How many grams of load can you lift
with this force?

TERMINOLOGY

to rub - ykey / HaTuUpaTb

wool - >YH / LwepcTb

interaction - spekeTTecy/ B3auMoaAencTeme
bakery - HaybarxaHa / nekapHs



4.4 ELECTRIC FIELD. PART 1

YOU WILL:

e - explain physical meaning of "electric field"” and determine its
dynamics characteristics;

e - calculate force applied on charge by electric field;

e - show electric field by using electric field lines.

QUESTION
— — ‘;
'“1-....._..--"""-' —

What can you do to make a droplet fly?

ELECTRIC FIELD

When we want to move something, we need to push or pull it. In order to
apply a force on an object, we must touch it. For example, Figure 1 a.
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Figure 1

However, the Earth pulls objects with no contact, Figure 1b. Earth has a
field that pulls everything. This field is called gravitational field.

Gravitational field produces force - gravitational force.

Similarly, there is no contact between charges when they push (or pull)
each other. Charges produce field around them. This field is called
electric field. Electric field produces force that is electric force.

[PaBUTAUMSAABIK XXOHE 3AEKTP epicTepi Ke3re kepiHbenai. Ananapa 6i3
OYA epicTepai rpadpUKaAAbIK TYPAE CypeTTen aAaMbl3. OPICTi cypeTTey
VLIH KYL CbI3bIKTapbl NanpaaAaHbiAaabl. OA YLUIH OH 3apsaATaH Tepic
3apsAka baFbITTaAFaH CbI3blKTap CbI3ybIiMbI3 Kepek, Figure 2.
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Figure 2

Op 3apAATAAFAH AEHEHIH aHaAaCbIHAA DAEKTP epici Nanaa 6oAaAbl.

Erep ae, COA epicke 3apaATaAFaH eKiHLi AeHeHi eHriscek, oFaH 6ipiHLLi
AEHEHIH 3AEKTP epiCiHeH TyblHAaFaH Kyl acep eTe 6acTanabl. Figure 3
a -Ad KepceTiAreH +q 3apsAblHa Ha3ap ayAapanblK.



Figure 3

O3iHEeH eTe KilUKeHTamn 3apsAbl 6ap HYKTEAIK 3apsaAThbl +q O, +q
3aPSAbIHbIH 9AEKTP ©piCiHe OPHAAACTbIPCaK, +q 3aPAAbIHbIH IAEKTP
OPICIHIH KYLUI HYKTEAIK 3apaAka ocep eTe 6acTanAbl. HYKTeAIK 3apaATbiH
OH EKEHIH >XaHe +(Q 3apsA OPICIHIH >XanblAybiHa eLl dcep eTe
AaAMaNTbIHAAWM KILLKEHTAM 3apaAKa Ne eKeHIH eCTepPIiHI3AEe CaKTaHbI3AAP.

HYKTeAIK 3apsaAKa 9Cep €TKEH KYLUTIH COA HYKTEAIK 3apAATbIH 63iHe
OOAIHIeH Ke3Ae, HYKTEAIK 3aPAATbIH OPHAAACKAH YXEPIHAEM 3AEKTP epic
KepHeYAIriH aHblKTanMbl3. COHAQA:



—

E=
0

S| >kymeciHAE DAEKTP epiC KEPHEVYAITiHIH (3AEKTP epici) eALLleM BipAiri
HbroToH/KyaoH (N/C).

If you put positively charged small object in the field, the field line will
show the direction of resultant force. If charge is negative, the direction
is opposite.
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Figure 3

The resultant force acting on charge g placed in electric field can be
found using formula:

— -5

F = lql x E
Force Charge Electric field
Newtons, [N] Coulombs [C] Newton/Coulomb, [N/C]

This formula is analogical to F= m(mass) X g (gravity) . This is because g
means the force acting on each kg of mass, and E means the force acting
on each C of charge.

RESEARCH TIME

Go to https:/phet.colorado.edu
Search

a) "Charges and fields"

b) "Electric field hockey".

What can you say about these simulations?



FACT

"Millikan’s experiment”

cover

S
several I 7 oil” = & ;
thousand * spray microscope

volts V¥ b E?qu () T)
j N

uniform electric field

In this experiment oil drops are charged in covered chamber.

Then, oil drops fall into uniform electric field where it could be suspended
(gravity balanced with electric force). This experiment helped to find the
charge of electron.

EXAMPLE

The magnitude of electric field of charge g at point P is 9 x 10°> N/C.
What force does a charge of g, = +1 uC experience if it is placed at point
P

Solution:

F=|qxE=10°Cx xlOs%:O.QN



ART TIME

Make “Kelvin water dropper”. Make it and show to your parents, teachers
and friends.

LITERACY

1. Why you are not able to push or pull objects on a distance (without
touching them )? Why can charges and magnets pull or push on a
distance?

2. You push wall with your hand. Do atoms of your hand and atoms of
wall touch each other? Explain your answer.

3. Canyou fly? No, you cannot, but electricity can help you overcome
gravity. What should your charge be so you can overcome the
gravity? Electric field of the Earth is about 130 N/C.

TERMINOLOGY

e field - epic / noae attraction - TapTbIAbIC / NPUTAXKEHME
e repulsion - TebiAic / OTTaAKUBaHMeE



4.5 ELECTRIC FIELD. PART 2

YOU WILL:

e - show electric field using electric field lines.

QUESTION

“lon wind” - an effect at which you can influence at object at distance by
electricity. It can even put off a fire of candle. Try to explain this.

ELECTRIC FIELD

3apsATaAraH AeHEeHIH TYAbIPFaH SAEKTP OPICiHIH KepHEeYAIri BEKTOPAbIK
LamMa OoAbIN TabblAaAbl. OHbIH GaFbITbl COA ©PICTEri OH CbiHaK
3apsAblHa 9Cep eTeTiH 3AEKTPAIK KyLi 6arbiTbiHAQ BoAaAabl. Backa aAa
BEKTOP LUaMaAapbl CEKIAAI SAEKTP OPICI KEPHEYAITT A€ KePCeTKILl OKMeH
(an arrow) BeArineHea,.



OHbIH MBHI 3apaAKa acep eTeTiH KYLUTIH COA 3apsAKa KaTbIHACbIHA TEH.
HYKTEeAIK 3apAATbiH TYAbIPATbIH SAEKTP 6pPICIHIH KEPHEYAIriH TOMeHAEer|
dOPMYAa apKblAbl TabyFa 6oAaAbI:
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Figure 1

THE SUPERPOSITION PRINCIPLE

IAEKTP epici KEPHEYAIriH KOCyFa HeMece asanTyfFa 6onaaabl. Bip >xepae
eKi HeMece OAaH Aa Ken 3apsa ODOACA, Ke3 KeAreH HYKTEeAEri 3AeKTP
OpPICi KEPHEYAIriHiH MOHIH Taby YLIiH BEKTOPAAPAbI KOCY DAICI
KOAAQHbIAAADI:
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UNIFORM ELECTRIC FIELD

BipTeKTi 3AEKTP ©pICi KEPHEYAIri eKi KapaMa-KapcCbl 3apAATAaAFaH Xa3blK
MEeTaAA MAACTUHAAAP apacbiHAA DOAAADI.

)

+ + + + + + + + +

Figure 3



OcCbl NAACTUHAAAP apPaCbIHAAFbl SAEKTP ©pPiCi KEPHEYAIK Cbi3blKTapbl Oip-
OipiHe NapaAAeAb XXoHe bafFblTbl MeH MaHI Bipaen 6oAapbl, Figure 3.
OcbIFaH KOcCa epic bipTeKTi OOAFAHABIKTAH 3apsaAKA 9Cep eTEeTiH Kyl Te
COA ayMaKTa bipaen 6oAaAbl.

e o — jp—
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EXAMPLE
qd; p

The resultant electric field at point P due to the fixed charges g, and g, is
Zero.

What is the ratio g,/q, ?

Solution:

e 2r N K -

Since the net electric field at point P is zero, the electric field produced
by g, and g, are equal in magnitude but opposite in direction.



So, the signs of both charges must be the same. Let us say they are both
positive. The magnitude of the electric field produced by g, at point P is

g,
(2r)2

g,
E =K and of g, E, =k i

2 =2

r 9,/ gl
since £, =E,, k 7 =k

Therefore, =4

RESEARCH TIME

When lines connect, When lines do not connect,
there is a an attraction. these is a repulsion.

Figure Z

Make research about how you can represent electric field lines with hair
and oil. Similar demonstration represented on Figure 2.

FACT




Electromagnetic gun destroys any technical device with electric field
without damage to people.

LITERACY

1. Determine the electric field at point P a distance 20 cm from the

negatively charged particle g = -4 uC. What force does a charge of
a, = +1 uC experience if it is placed at point P?

2. Strong electric field affect all objects around, and even could make
damage. How?

3. Determine the electric force acting on a point charge of g = 2 uC,
that is placed in a uniform electric field of E = 10°> N/C.

4. |If the electric field at point P is zero, what is the ratio of distances r,
and r,?



TERMINOLOGY

e superposition - cynepno3sunuma / cynepnosmnuyma
e net field - KOpPbITKbI ©PIC / CYMMapHOEe NoAe
e fixed - BeKiTiAreH / 3aKpenAeHHbIN



4.6 ELECTRIC POTENTIAL.
POTENTIAL DIFFERENCE

YOU WILL:
e - explain physical meaning of electric potential and potential
difference.
QUESTION
+
+ +
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Why does lightning strike the ground?

ELECTRIC POTENTIAL. POTENTIAL DIFFERENCE

Erep Ae A HYKTeCiHeH aAMa XibepiAnce, OHAA OHbIH B HyKTeciHe
XeTepAe KMHETUKAAbIK aHeprmacbl 6oAaabl. ASA conant, C HYKTeCiHEH
Tepic 3apaAa Xibepince, D HyYKTecCiHe XXeTepAe OHbIH AQ KMHETUKAADBIK
aHeprumacbl 6oaaabl, Figure 1 a.
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Figure 1

AAMaHbIH XbIAAAMADBIFbI €Ki HYKTe (A MeH B) apacblHAAafFbI
FPaBUTAUUNAABIK MOTEHUMAA SHEPIrNAAAP anblPMaLUbIAbIFbIHAH
TYbIHAQWADI.

AN eKIHLUI XXarAanAaFbl TePIC 3apPAATbIH XXbIAAAMADBIFbI, COA eKi HyKTe (D
MeH C) apacbiHAAFbl SAEKTP MOTEHLIMAA SHEPIrUAAAP
anblPMaLUbIAbIFbIHAH TYbIHAAWADIL.

CU »kymeciHAe Ke3 KeAreH eki 3apsaa (g MeH Q) apacblHAAFbI
MOTEHLMAAADBIK 2HEPIrna TOMEeHAE KepceTiAreH oOpPMyAa apKblAbl

Tabbinaabl (Figure 2 a):
g x(,
P r
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Figure Z

We generally need to know the ratio of electric potential energy to the
charge. This ratio is called electric potential. We use ¢ for electric
potential. The electric potential at a point a, shown in Figure 2 b, where
the test charge was placed is denoted by ¢a . Hence,

E k2%

(pa = P — r I::> — kﬂ
9 9 v r

Note that the electric potential of the charge g at point a is independent
of the test charge. Electric potential is a scalar quantity. The S| unit of
electric potential is the Joule/Coulomb and is given the special name of
the Volt, (V), in honour of Alessandro Volta, the inventor of the electric
battery. Then

1v=1J/C
On the Figure 1 b, Point D has high electric potential D , and point C has

low electric potential ¢C . Electric potential energy difference depends
on the difference oD -dC . The difference (D -dC) is called potential



difference.

9 Volts and 12 Volts mean that they give 9 J and 12 J or energy to move
1C of charge. If they push 3C of charge, they give 27J and 36J of energy,
Figure 3. That means 12 Volts battery is “stronger” than 9 Volts battery.

Figure 3

The potential difference can be denoted as A¢ or U which represents



U=-Ap=0,- ¢,

Note that D is the potential at the final point D and ¢ C is the potential
at the initial point C. We know that

E E

PatC PatD

Pe="4q and @, = .

where EP at C and EP at D are the electric potential energies at the
points C and D, respectively. By substituting these into the formula

= E AEp
U= ~ - PatD ~ PatC U=—
PP g g TYT g

As the charge is moved from the initial point A to the final point B, by an
external force, it does positive work against the electric force. The
electric potential energy of the charge increases. We can write

U _ WCD
AEp= WCD — = "—q‘

In short, potential difference is defined as work per unit charge (or
change in potential energy per unit charge).

The Sl unit of potential difference is the Volt (V), for this reason potential
difference is also called voltage.



DISCUSSION

How would you determine terminals of battery if + and - signs are
erased?

EXAMPLE

Find the potential energy of a system of point charges of g; = 20 uC and
d, = -10 uC when they are r; = 20 cm apart.

Solution:

2 -6 _ X -6
Ep=kq1xq2=9x1U9Nm (20 x 10¢C) x (-10 x 10 C]=

r C2 (0.2m)

-9 J

LITERACY

1. How does the electric potential energy of a charged object change if
it moves: a) perpendicular to the direction of; b) in the same
direction as; c) in the opposite direction to the Coulomb force acting
upon it?

2. When a positively charged particle moves in a direction parallel to
the electric field, how does its electric potential energy and electric
potential change? Which force is doing positive work?

3. You saw lightning many times. Did you know that clouds and Earth
form capacitor? Potential of earth -50000 Volts and potential of sky
is 200000 Volts. Find potential difference.

ART TIME

How would you illustrate the meaning of the word “potential”’?

TERMINOLOGY

e to gain - aAy / noAy4yaTb
e ratio - kKaTblHacbl / COOTHOLLUEHUe



4.7 CAPACITANCE & CAPACITORS

YOU WILL:

e - describe structure of capacitor and its function.

QUESTION




Look at the picture of camera’s flash. How do you think the flash works?

CAPACITANCE & CAPACITORS

Kenbip KYPbIAFbIAAP (OTKI3rIiLLTEP) SAEKTP 3aPAAbIH XUHaAKTau anaAbl.
OCbIHAAN KYPbIAFBIAAPABI KOHAEHCATOP A€M aTanMbl3. EH KapanalibiM
KOHAEHCATOP Oip-bipiHEH OKLLUAYAAHFAH €Ki MapaAA€Ab Xa3blK METAAA
MNAACTUHAAAH TYpPaAbl. Erep oAapabl baTapesra »XaAFacak, bip
MAACTUHACbl OH BOAbIM, eKiHLICI Tepic BOAbIN 3apaaTaraabl, Figure 1.
KoHAEeHCaTOpFa TYCIPIAreH NOTEHLMAA anblpbiMbl (KEPHEYI)
KAHLLUAAbIKTbl apTCa, OAAPAbIH OOMbIHAA XXUHAKTAM aAaTblH 3apaA
MOALLEPI COHLUAAbIKTbI apTaabl. AeMeK, KOHAEHCATOP 3apsAblIHbIH
KepHeyre KaTblHACbl TYPaKTbl 6OAbIN TabblAaAbl.

OcCbl TYPaKTbl KOHAEHCATOP 3AEKTPCbIMbIMADBIAbIFbI A€M aTAAAAbI.
C - 9AEKTPCbIMbIMABIABIK,

d - MAACTUHAHbIH bOipeyiHAeri 3apAATbiH abCOAIOT LLaMachl,
U-kepHey.

KoHAEHCaTOP 3AEKTPCbIMbIMADBIAbIFbIHbIH, CU »XymeciHaeri BipAiri 1



dapaa (D) 6oAbIN TabblAaAbl,
1d=1Ka/B
KebiHece KOHAEHCATOPAAPAbBIH SAEKTPCbIMbIMAbBIAbIFbIH KOPCETY YLUIH

MUkpodapas (MKP), HaHodapap (HP) >xoHe nukodapaa (ND)
KOAAAHbIAAADI.

TMKD =10° P
THO =10°
Tnd=10"

Capacitors are used in computers, smartphones and other electronic devices.

The simplest capacitor consists of two metal plates. Battery charges
capacitor, Figure 1 a. Then plates can store charges, Figure 1 b. Then it
can give electricity for a very short time, Figure 1 c. The lamp gives short
flash, and then it fades.

+
+

+ _ =0,
+ -
+ -

Plates shill have
charges |

N )

Lamp gives short flash of light

H'I|:

+ o+ o+ o+

d 4] i

Figure

PARALLEL PLATE CAPACITORS

Ka3blK KOHAEHCATOPAAP ayAaHbl S, apakallublKTbIFbl d eKi »Xa3blK
MeTaAA MAACTUHaAAH TypaAabl, Figure 2.
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Figure 2

KoHaeHcaTop 3apsaabl 6ip NAACTUHACBIHAAFbI 3aPAA MOALLEPIHE TEH.
Figure 3 a KOHAEHCATOPAbI 3apsAATAY >XOAbIH KOpPCEeTEeA|.

3apAaAATaAFaHHAH KeMiH eKi MAACTMHA apacbliHAA DIPTEKTI 9AEKTP epici
nanaa 6oaaasbl, Figure 3 b and Figure 3 c.
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>Ka3blK KOHAEHCATOPAbIH 9AEKTPCbIMBIMABIAbIFbI:

- NNAacTUHaAApP apacblHAAFbl AUIAEKTPUK (TOK ©6TKIZOENTIH 3aT)
OTIMAIAIM TYPaKTbICbIHA, €, YXaHEe IAEKTP TYPaKTbICbIHA, £,=8.85%107'2
®dapap/MeTp.

- NMAacTMHa ayAaHbIHaA, S, Typa NPONoOpPLIMOHAA.

- [MAacTMHaAapP apakKallublKTbIFbIHA, d, Kepi NPOMNOPLMOHAA.

=808—

KoHaeHcaTopAapAbiH Backa Aa NiWWIHAEPI Ke3AeCeAl, MbICaAbl,
LMANMHAPAIK XXoHe chepaAblK KOHAEHCATOPAAP.

FACT

"Ust-Kamenogorsk Capacitor Plant” was established in 1959. It is the only
plant in Kazakhstan that produces capacitors.

FACT

Touchscreen.



There is a grid of electrodes on the inner side of the screen. This
electrode with a human body forms a capacitor. Electronics measure a
capacity of capacitors.

RESEARCH TIME

You can build a simple capacitor. It is called “Leiden jar”.

EXAMPLE

Camera flash has a capacitor. Capacitor stores charge at 300 Volts. Then
capacitor loses half of the charge. What is the voltage of the capacitor?

Solution:

Charge decreases two times. That means voltage decreases two times.
Voltage is 150 Volts.

EXAMPLE




A parallel plate capacitor of capacitance 4 uF, carries a charge of 60 uC.
What is the potential difference between the plates of the capacitor?

Solution:

; iy e 60uC
From C=%, we can write, U=%. Substituting in the values, U=4p“F= 13V

LITERACY

1. How many Volts do you get from electrical socket? How many Volts
do you get from AA battery? Why are they different?

2. When you run a lot of programs on a computer, its capacitors work
fast. Why?

3. A parallel plate capacitor of capacitance 20 uF, carries a charge of
10 uC. What is the potential difference between the plates of the
capacitor?

4. How can you make capacitor that stores lightning?

ART TIME

Make theatre play that explains “lightning” and show it to your parents,
teachers and friends.

TERMINOLOGY

e to store - cakTay / XpaHuUTb
e clectric capacitance - 3AeKTP CbIMbIMAbBIAbIK / 3AEKTpUYecKada
€MKOCTb



SUMMARY

e Atom consists of 3 main particles: protons, neutrons, and electrons.
[ ]

—

nucleus

o |Like (same) charges repel each other. Unlike (not same) charges
attract each other. This force is called electrostatic force.
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Negatively charged object has more electrons than protons.

Positively charged object has more protons than electrons.

e Law of conservation of charge states that charge can be transferred,
but total charge is always constant.

e \We can calculate force between charges using the Coulomb’s law:

q,*q,

r2

F=k



The smallest charge in nature is called elementary charge and it is
charge of one electron. Proton has the same charge, but it is
positive.

e c=-16x10"C
e Charges produce field around them. It is called electric field. Electric

field produces force - electric force.

e F=qgXxE

Electric field stores energy. This energy depends on charges and
distance between them. Energy per unit charge is called electric
potential. Symbol ¢ is used to denote potential. Volt is the unit of
potential.




e Capacitor is device that stores electric charge.
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PROBLEMS

ELECTRIC CHARGE

1. When you rub a comb or a pen on a dry cloth, paper is attracted to the
comb. Explain why.

2. Is it possible to produce a single type of charge in a rubbing process?
Explain.

3. Does the mass of a positively charged metallic sphere change if you
touch it? How about a negatively charged sphere?

4. What are the different types of charge? Where is the location of these
charges in materials?

5. What is a neutral object? Explain.

INSULATORS AND CONDUCTORS

6. Why do we use silk threads to suspend charged rods instead of
metallic threads?

7. You can never charge a plastic rod by contact or by induction. Why?

INDUCED CHARGE

8. A balloon is charged by rubbing and brought near a tiled wall. It is
observed that when the balloon is released, it sticks to the wall. Why?

9. Three neutral, identical conducting spheres K, L and M are brought into
contact and then a positively charged sphere, S, is brought nearby.
Suppose K and M are separated from L by holding them by their
insulating stands, and then sphere S is removed.
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What is the final type and magnitude of charges on the spheres K, L and
M?

10. A positively charged object A is brought near to a neutral sphere B,
which is in contact with a grounded neutral sphere. What will the charges
on objects A, B and C be if, after cutting the ground connection, the
spheres are separated and object A removed.

 — H
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ELECTROSCOPE

11. When a charged rod is brought near to a negatively charged
electroscope, the leaves of the electroscope collapse. What is the charge
on the rod?

12. Positively charged object K is brought between the two neutral
conducting materials, as shown in the figure. What is observed on the
electroscopes in figures | and II?
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COULOMB’S LAW

13. Two identical spheres, with charges g, = 4-10® C and g, = 2:108 C,
are separated by a distance of 0.1 m. Find the electrostatic force exerted
by one charge on the other.

14. The electric force between the charges of g, =2.5 uC and g, =-4 uC is
3.6-10"* N. What is the distance between them? (1 uC =10° C) 15. What is
the electric force between two clouds, having charges g, = 20 C and g5
=10 C, if the average distance between them is 5 km.

16. How does electric force change when the distance between two point
charges is increased three times?

ELECTRIC FIELD. ELECTRIC FIELD LINES

17. Find the magnitude of the electric field at a point 10 cm from a point
charge of g = -6 uC.

18.

a) The electric field at a point 27 cm from a charged particle is 10° N/C
toward the particle. What is the charge on the particle? Find force acting
on g = -1 4C at that point.

b) A point charge of 1 uC experiences an electric force of 0.02 N. What is
the magnitude of electric field at that point?

ELECTRIC POTENTIAL




19. Find the electric potential of a charge 3-1077 C, at distances away
from its position of 5cm and 20 cm.

20. Find the electric potential at point P for the system of charges g, and
d., shown in the figure.

21. The work done by the electric force to move a charge g=3-10" C is
6000 J. What potential difference does the charge move through?

22. Two point charges of 1 uC each are located 50 cm apart. What work
is done to bring the charges to a separation of 5 cm?

CAPACITANCE. CAPACITORS

23. What happens to the charge on a capacitor if the potential difference
between its conductors is:

a) Doubled.
b) Tripled.
c) Halved.

24. A 4 volt source is connected across a 2 uF capacitor. Find the charge
on this capacitor.

PARALLEL PLATE CAPACITORS

25. Find the capacitance of a parallel-plate capacitor if the area of each
plate is 200 cm? and the distance between them is 2 mm.

26. The area of each plate of a parallel-plate capacitor is 500 cm?. What
separation must the plates have in order for their capacitance to be
500pF?

27. A parallel-plate capacitor of plate area 200 cm? and separation 4
mm, is connected to a voltage source of 3 kV. What is the charge on
each plate?



USE THE WORDS BELOW IN YOUR OWN
SENTENCES

nucleus, electron, charge, neutral, conductor, plastic wrap, photocopying
machine

FILL IN THE BLANKS WITH APPROPRIATE
WORDS

1. All matter is made up of ..o, .

2. Most atoms are electrically .o, .

3. Like charges ....ccccoevieeivcvieeenns each other. But unlike charges
............................ each other.

Lo, are materials which do not allow electrons to pass
through.

5.AN can detect whether an object has charge.

ANSWER THE QUESTIONS

1. What particles are contained in an atom? What are their charges and
positions?

2. How can charges be built-up on an object? Explain three different
methods.

3. How do the leaves of a neutral electroscope behave when a charged
rod is brought close to the knob of the electroscope?

4. If two objects attract each other, must both of them be charged?
Explain.

5. What is grounding? Explain, giving an example from everyday usage.

ANSWER THE TEST QUESTIONS

1. When an object is charged, which of the following changes?
A) the number of protons

B) the number of electrons



C) the number of neutrons

D) the number of protons and electrons

2. When you walk on a rug and then touch a conducting object, you
often get an electric shock due to an electric discharge because:

A) Electricity is produced due to friction between the rug and your body.
B) Your body produces electricity.
C) The rug produces electricity.

D) The conducting object produces electricity.

3. If a charged sphere is brought close to a neutral metal sphere as
shown in the figure above. Which of the sketches below indicates how
charge distributes along the neutral sphere?

charged neutral
sphere sphere
insulating
stands
B) C)




4. A positively charged conducting object becomes neutral when it is
grounded. Which of the following explains this phenomenon?

A) Extra protons on the object have moved to the ground.
B) Electrons in the grounding wire have travelled up to the object.
C) Positive charges have attracted electrons from the ground.

D) Neutrons in the object have travelled to earth.

5. When rod (1) is brought close to the knob of a negatively charged
electroscope, the leaves rise up, when rod () is brought close, the
leaves drop down.

What can be said about the charges on the rods?



Rod I Rod II
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6. When a comb is rubbed through hair, it gains charge. What are the
charges on the hair and the comb?

A) hair (=), comb (-)
B) hair (+), comb (+)
C) hair (=), comb (+)
D) hair (+), comb (-)



PHYSICS IN LIFE

1. Flower pollen sticks to bee’s body. Why?

3. This man uses electricity in car painting. Why?



5. Toner in printers "knows" where to stick on the paper. How?



6. Electrophoresis can "push” medical drug into human body? How?
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7. Some engineers wear ground bracelet. Why?
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5.1 ELECTRIC CURRENT

YOU WILL:

e - explain conditions for production of electric current.

QUESTION

What is the similarity between an electric eel and a bulb?

ELECTRIC CURRENT

The potential difference (voltage) of battery “pushes” electrons through
wires. The directed motion of charged particles in a circuit is called
electric current, Figure 1.



i=1A

Figure T

Electric current is similar to the water flow in pipes, Figure 2.
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current
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Low
current

Figure Z

The formula of electric current is:

l=q/t
| = q / t
Current Charge time
(Ampere) (Coulomb) (second)

1 Ampere of electric current is equal to 1 Coulomb of charge passing in 1

second. That is why 1 Ampere of current equals to 6.25-10'8 electrons
passing in one second.

SOURCE OF ELECTRIC CURRENT



IAEKTP TOrbiHbIH K&3Aepi TYPaKTbl SAEKTP TOrbl Manaa 60AybI YLLUIH eH
aAAbIMEH BbaTapesaAap KaxkeT, Figure 3. IAeKTP KYPaAAAPbIHbIH
KOMLUIAITI BaTapeaMeH >XYMbIC ICTENAI.

Figure 3

CONDUCTORS AND INSULATORS

OTKI3riLTEP >XOoHEe ANIAEKTPUKTeP Kembip MaTepmnanpap 3AEKTP TOrbiH
YXaKCbl 6TKi3eAl. BYA MaTepuranpap eTKIriwTep Aen aTaAaAbl. AA,
Kenbip MaTepnanAap KepiciHe, 3AeKTP TorblH eTKizbenai. OAap
ANIAEKTPUKTEP HEMECE U3OAATOPAAP A€M aTaAaAbl.

MaTepunanpAapAbiH TafFbl 6ip BOAIr 3AEKTP TOrblH OEATIAI LLapTTapAa
FaHa eTKi3eAl. ByAap >apTblAanm eTKi3riluTep Aen ataAaabl. Table 5.1-ape

MbICaAAAAP KOPCETIAMEH.

WM o Insulator
conductor| conductor |
copper SIRIRHSE rubber
body
silver earth | plastics
gold |salty water| glass
mercury |[germanium| dry air

Table 5.



FACT

High voltage electricity wires have no insulating materials on them.
However, birds can safely sit on only one of them. If it touches two wires
at the same time, current will hurt the bird.

EXAMPLE
What charge does pass through 0.5 Ampere lamp in 200 seconds?
Solution:
=
t
q=0.9x200=100C
ACTIVITY

Conductor and Insulator

Look at the pictures. Find conductors and insulators on them.



Why some objects are conductors and other are insulators? What may
happen if you replace them?

ACTIVITY

BaTapesaAapAblH SAEKTP CbIMbIMAbBIAbIFbIH cCMNaTTay YWiH [MAcar]



KOAAAHAMBbI3.
1MAcar = 1x107° A x 3600 c = 3.6 KA

ByA ®dOpMYyAa apKbiAbl HbaTapesaHbl 3apAATAYFA KETETIH YaKbITThl
ecenTten anambl3. OA VLWIH BaTapesHblH 3AEKTP CbIMbIMAbIAbIFbIH
(MAcaF) »XoHe 3apsaATayLUbliHblH TOK KyLWiH (A) BiAy Kepek.

BepiAreH KecTeHi KOAAaHa OTbIPbIM, KYPbIAFbIAAPAbBI 3apaATay YLUIH
Ka>XeT YaKbITTbl aHbIKTaHbI3AAP.

Device | Battery | Charger

Huawel 3100 5 A

Honor 6 mAh
4400
Acer E 15 AR 4,74 A

Mi power | 10400
‘bank mAh A

Miband2|70mAh | 1A

RESEARCH TIME

a) Main materials: battery, wires, crocodile clips.
Extra materials: eraser, paper, spoon, key, etc.

Procedure: Set up the construction. Do the same with each material and
fill the table.



3 ) OO

metal - air
SPO0N

Material| Conductor | Insulator

Fraser X v

Needie

Paper

b) Why do some materials conduct current, and others do not? Can you
find the information about that?

ART TIME

Make a “fruit battery” or “vegetable battery”. Show it to your parents,
teachers, and friends.

LITERACY

1. A human body has cells that produce electric current. Why do we
need this current? What if we do not have these cells? Can you name
these cells?

2. Why do people use electric batteries? What types of electric
batteries do you use in everyday life? How do electric batteries
work?

3. AAA type battery can store 1 Ah (Ampere X hour) charge. How
many Coulombs is it equal to?



TERMINOLOGY

electric current - aAeKTp Torbl / 3AEKTPUYECKUIN TOK
source of electricity - TOK Ke3i / UICTOYHUK TOKa
conductor - eTKi3riw / NpoOBOAHMK

insulator - nsoaaTop / M3oAdaTOP



5.2 ELECTRIC CIRCUIT. VOLTAGE

YOU WILL:

e - use schematical drawings of elements to draw electric circuit;
e - explain physical meaning of voltage and its unit of measurement.

QUESTION

Where would you use these batteries? Why?

ELECTRIC ELEMENTS

ToeMeHAEri cypeTTe KapanamblM SAEKTP 3AEMEHT KeCKiHAEpPI MeH
BeArinepi KepceTiAreH. ByA BeArinepAi 9AEKTP 3AEeMEeHTTEPIH Cbi3baaa
KepceTy (cyAba) YWiH KoApaHaMbl3. Cebebi onapAbl CAAy >KEHIA api
KOAaWAbl, Figure 1.

switch _ bulb | cell | resistor

i) - N

battery | voltmeter | conducting wire ammeter

% 44— n —o— QD — u—o—

Figure1

ELECTRIC CIRCUIT



DAEKTP KYPAAAAPDBIH YXXaAFay apKblAbl SAEKTP KYPbIAFbIAAPbIH >Xacaw
aAaMbl3. MbICaAbl, KapananbiM KaATallaM >acay YLiH 6aTapes, wam,

KIAT )XOHE CbIMAAP KaXkeT. ByAapabl 6ip-0ipiHe >XaAFaFaH Ke3AE IAEKTP
Ti3beri nanaa 6oAaAabl.

ByA aneKTp Ti3beriH cyAba apKbiAbl AQ KepceTyre 6oaaabl Figure 2.

I ij;—".'.-' ﬁ)

T

—

current

ne current L hattery circulates e

o

E m switch [ra— ' - “
- & a E

open switch closed switch

Figure £

IAEKTP KYPbIAFbIAAPAbIH 6apAbIFbl (CMAaPTHOH, KOMMbIOTEP,
3aPAATAFbIL T.C.C) IAEKTP Ti3beriHeH KypaAaabl. Op IAEKTP
KVYPbIAFbIHbIH CYyADacbl ©3iMeH bipre 6epineai, Figure 3.






VOLTAGE

INEKTP KYPbIAFbIAGPADBIH YXYMbICbI YLLUIH TOK KYLUI Ka>eT. TOK KYLUIHIH
namaa 60AyblHa KepHey ceben 6oAaabl. ToMeHaeri Figure 4-ke Hasap

ayAapblHbI3.

1.5Volts and 9 \olts 3.6 Voits 220 Valts
Figure &4

BaTapesaAap MeH po3eTKaHblH anblPMaLLblAblIFbl OAAPAbIH,
KepHeyAepiHAe. KepHey 3AeKTPOHAbLI KO3FaMTbIH "3AEKTP aHeprusacol”
Topizaec. COHABIKTAH, KEPHEYAIH LUaMacCbl MEH 3AEKTP TOorbl b6ip-0ipiHe
Typa NPONOPLIMOHAA. AFHUN KEpHeY KaHLUAAbIKTbl YAKEH BOACA, IAEKTP
TOrbIHbIH LLAMACbl AQ COHLUAAbIKTbl YAKEH DOAAADI.

FACT




direction of
electron flow |

direction of
conventional
current flow

Electron flow is in the opposite direction to the flow of current.

ACTIVITY

This is a plan of a house.



——
Entrance !

You have an unlimited number of bulbs and wires, but only 1 switch and 1
battery.

a) Draw a schematic diagram of a simple electric circuit that gives light
to each room. How many lamps do you use here?

b) Draw a plan of your house with a simple circuit.

FACT

Store your batteries in a cool, dry place. If you put them in a refrigerator,
they will last longer.

RESEARCH TIME

Do research about other circuit elements.

EXAMPLE

—

y

"

e

s
17“

Closed circuit Open circuit (no current)



Draw an electric circuit diagram of these pictures.

Solution: We can draw circuits as in the images below. There is electric
current in the closed circuit, and there is no current in open circuit.

L3 \ ™

d

Closed circuit Open circuit (no current)

LITERACY

1. Why do electric socket (220 Volts), laptop (19 Volts), car battery (12
Volts) and mobile phone (3.6 Volts) use different voltage?

2. What may happen if we connect a light bulb that normally works on
20V to 220 Vv?

3. What may happen if we connect a light bulb that normally works on

220V to 20 Vv?

Why we do not use 10000 Volts in our homes?

Draw a circuit diagram for this image.

o1 s

6. Draw a circuit diagram which has these: 5 batteries, 7 bulbs, 3
switches.

ART TIME




Draw a picture that shows voltage. Show the drawing to your parents,
teachers and friends.

TERMINOLOGY

e clectric circuit - anekTp Ti3beri / aneKkTpUyeckasa Luenb
e circuit diagram - Ti36ekTiH cyAbacbl / cxeMa uenm
e voltage - kepHey / Hanps»eHne



5.3 ELECTRICAL RESISTANCE

YOU WILL:

e - apply Ohm's law for part of electric circuit for problem solving.

QUESTION

( o . | 0 - = ]

g

S — e —

Why does ammeter show current two times smaller in the second case?

ELECTRICAL RESISTANCE

OpP OTKI3TILWTIH aTOMAAP apaKalUublKTapbl YXoHE ePKiH 3AEKTPOHAAP
CaHbl 9P TYPAI 60AbIN Keneai. COHABIKTAH €PKiH 9AEKTPOHAAPAbIH CaHbl
OTKI3rILWTIH TYpiHE BanAaHbICTbl e3repeai. OCbl €pKiH 2AEKTPOHAAP
KO3FAaAFaH Ke3Ae OTKI3rWTIiH aTOMAAPbIMEH COKTbIFbICbIM,
KO3FaAbICTapbl KMblIHAAW Tyceal. Backalla anTKaHAd, ©TKI3MIWTIH ©63IHAIK
KYPbIAbIMbl SAEKTPOHAAPAbIH KO3FaAbICblHa Keaepri 6oAaabl. ByA
KYObIABIC IAEKTP KeAeprici oen aTanaabl Figure 1.



vibrating
electron atoms
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Figure 1

OTKI3riLU apKbIAbl 6TETIH 3apPAATAP MOALLEPI KepHeyre TayeAAl. KepHey
HEeFYPAbIM Ken BOACa COFYPAbIM 3apsA Ken eTeail. TOK KyLi, KepHey
XOHe KeApepri apacbiHAaFbl KaTblHAaC OM 3aHbl A€M aTaAaAbl:

I1=U/R

I = U / R
Current \oltage Resistance
(A, Amper) (V, Volt) (Q, Ohm)

ByA dopMyAa Bi3re YAKEeH TOK KYLUIH aAYAbIH €Ki YXOAbl 6ap eKeHAIriH
KepceTeai. BipiHLLICI, KepHeyAi KebenTy apKbiAbl. EKIHLLUICI, KEAEPTIHI
a3anTy apKblAbl.

Ke3 KeAreH cbiM, LLaM, MOTOP, BbaTapes, XoHe T. 6. 3aTTapAd IAEKTP
Kepeprici 6oaaabl. Keaeprici 6ap 3aTTapAbl LUAMHAP PETIHAE KabblApan
anaMblI3, Figure 2.



| U =
Figure 2

EXAMPLE

A student connected a light bulb to a battery. The current through bulb is
O.1 A. The voltage is 1.5 V. What is the resistance of the bulb?

Solution:

R=H; R:E:ISQ;
I 01

ACTIVITY

Colour codes of resistors.
Read the information below.
Then, do the ACTIVITY.

Every electronic device has resistors inside, Figure 3. We use resistors to
control the amount of current passing through elements.
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Figure 3

These resistors can be very small in length (3-4 mm). However, their
resistance sometimes can be up to 500000 Q. Such long number will not
fit on 3-4 mm resistor body. That is why people draw rings of different

colour of resistors. We use the table of colour codes to read the value of
resistance.



5 Bands - e GB KL 5%
—
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-84

1. Silver or gold colours represent the tolerance. It is the possible
percentage error.

The ring before silver or gold ring is a multiplier (number of zeros).
Other rings mean digits before a multiplier.

NEN

Let us use the table in the example below.



Red Sl
(reen \ i ‘ o

5 4 00 +10%

The tolerance is 10%.

Ring before tolerance is red: 2 zeros.
Yellow ring: 4.

4. Greenring: 5.

NN -

Then, the resistance is 5400 = 10% Q. This means that the minimum
value is 5400 - 540 = 4860 Q. The maximal value is 5400 + 540 = 5940
Q.

ACTIVITY

a) Draw a picture of the following resistance by using colour code.

150 000 Q
235600 Q
10 Q

76 300 Q

b) Draw pictures of any resistors by using a colour code. Let your
classmates define the values of your resistance.

FACT

A tool for measuring voltage in an electric circuit is called a voltmeter. An
ohmmeter is used for measuring resistance.

A multimeter can measure several parameters. For example, voltage,
current, resistance and temperature.



LITERACY

o1 A

Electric kettle uses 220 Volts and 10 Amperes. How many Ohms is
the resistance of the kettle?

Current of more than 0.01 Amperes is dangerous for people.
Resistance of human body is about 2000 Ohms. How many Amperes
do 220 Volts produce? Is this current dangerous?

Electric eel can produce about 800 Volts. Wet human body is about
500 Ohms. How many Amperes do pass through the body if an
electric eel attacks?

Why does every circuit element have electrical resistance?

When the temperature of a conductor is low enough, the conductor
can become a superconductor. In this state the electrical resistance
tends to be zero. What is possible useful application of
superconductors?

ART TIME

Show current, resistance, and voltage in a dance. Show the dance to
your parents, teachers, and friends.

TERMINOLOGY

to resist - keaepri »acay / CONPOTUBAATLCA

resistance - keaepri/ cOnNpoTUBAEHME

tool - Kypan-abAblK / UHCTPYMEHT



5.4 RESISTIVITY

YOU WILL:
e - explain physical meaning of electric resistance and its unit of
measurement;
e - apply formula of resistivity for problem solving.
QUESTION
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Is it difficult for an electron to go through a short wire or long wire?
Why?

RESISTIVITY

A resistance of a conductor depends on three factors: length, cross-
sectional area (thickness) and type of material.

LENGTH

Electrons inside the wire move because battery “pushes” them. When
electrons move, they hit atoms of the wire. If a wire is long, then there
are more atoms on the way. That’s why resistance of a long wire is high
Figure 1.
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Figure 1

AREA

Thick wires (large area) have low resistance. This is because they have
more space for electrons to move.

Thin wires have high resistance. They provide less space for the
electrons to move. Look at Figure 2.
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RESISTIVITY

In some materials, atoms make it easy for electrons to move. In other
materials, atoms make it hard for electrons to move. In some materials
(conductors) there are electrons that can move. In other materials
(insulators) there are much fewer electrons that can move. That's why
resistance depends on the type of material. Resistivity (Table 5.4) shows
how hard it is for electrons to move through materials.

Resistivity
p(ﬂxm)
Silver | 1.59 x 10°
Copper | T e 1 E"
Gold | 244 x10°

Aluminium 2.82 x 10°
!TQHQStEH 2.6 x 10°
|Iron 1
Nichrome 190= 10°°
Carbon 3

Glass ”'_1[}*“"“"
Table 5.4

Material

You can find resistance by this formula:



R=pX—

R - resistance (QQ)
p - resistivity (type of material) (Q x m)
| - length (m)

S - Area of conductor (m?)
RESISTANCE AND TEMPERATURE

BaAaybl3 ManLlaM MEeTaAA CbIMAbI Kbi3Ablpa 6acTanmAabl. YakblT ©TKEH
CaWblH SAEKTP LLAM >Xapblfbl 9ACipen 6bacTamabl. AeMeK, MeTaAA
CbIMHbIH KeAeprici apTTbl. BYA MblCaAAad CbIMHbIH Y3bIHAbIFbl MEH
KOAAEHEH KMMAacCbl 63repTiAreH XXOK. AFHWN, CbIMHbIH MEHLUIKTI KeAeprici
TeMnepaTypaHblH apTyblHa OAaNAAHbICTbl 6CKEH BDOAYbI KEPEK.
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CbIMAaFbl TeMnepaTypa apTKaHAA, OHbIH DOALLEeKTEePIHIH KapKbIHADI
Tepbenici poe apTaabl. CbIMHbIH KeAEPrici apTaabl AQ, OOMblHAH ©TKEH
INEKTPOHAAPADbIH KO3FaAybl OAAH apbl KUbIHAAWADIL.

OTKI3ril KeAepriCiHiH TeMnepaTypara TOYEAAIAITiH KepceTeTiH rpaduk
Figure 3 a -Aa KOpPCeTIAreH.

Resistance and temperature relation for a conductor

General relation superconductivity
R 4 R4
Critical
/ temperature
> T » T
= R+ {1+a(T-T I}
a o
Figure 3

JKCMepMMEHT apPKbIAbl aAbIHFAH rPadPUK MaTeEMATUKAAbIK OOAXKAYADI
YXAKCbl TYCIHAIPeAL. BYA XXepae a KepAepriHiH TeMnepaTypaAblK,
KO3dDULUNEHTI, T XdHe T, COHFbl XaHe bacTankbl TemMnepaTypasap, R
*KdHe R, COHFbI >XoHe BbacTankbl TeMnepaTypaaarbl ©TKI3rWTIH
KeAepriAnepi.

Taza eTKI3riWTIH KeAeprici, ©3iHe ToH CbIHAbIK TeMMNepaTypafa >XeTKeH
Ke3AEe, KEHEeTTEeH HOeAre AeniH Tycin Keteal. byA kebiHece eTe ToeMeH
TeMnepaTyparapaa bamkKaAaabl. MbiCaAbl, CbiHaMTbiH -270°C-Ta
Kepeprici HeAre TeH 6oAaabl. BYA deHOMEeH acKblH ©TKI3rMIWTIK A€l
aTaAaAbl.



KOAAQHDBICTA aCKblH ©TKI3riLLTEPAIH BOAALLaFbl 30p. OKiHILLKe opan
Kas3ipri TaHAa 6eAMe TeMnepaTypacbiHAA ACKbIH ©TKI3riLl 60AaTbIH
ewbip 3aTTbl Ke3aecTipMenMi3. Kasipri TaHAQ KOA YXXeTKi3reH acKblH
OTKI3rWTEPAIH apacbliHAH eH XXOoFapbl TeMMepaTypa aAl aoe -70°C.

EXAMPLE

A copper wire has a cross-section area of 10 mm? and length of 200 m.
What is the resistance of the wire?

Solution:

R=pxs R=(1.7><10-8)@=0.34Q
10°°

FACT

N Magevtraiﬂ

Superconductors are materials that have almost zero resistivity at very

low temperatures (about -200°C). Superconductors are used in MaglLev
(magnetic levitation) trains. These trains do not touch the ground when

they move.



RESEARCH TIME

Materials: A battery, a lamp, connecting wires, un-insulated wire (1
meter).

nichrome wire

Procedure: What happens when you move one of the wires left or right?

ACTIVITY

a) How would you relate resistivity to speakers?
How would you draw a simple circuit diagram of speakers?

b) Speakers have a device that changes the volume.



Choose a problem that you face in daily life. Then design a solution to
this problem by using the device.

LITERACY

e USB charging cable (1 m long) uses 5 Volts and 2 Amperes. a) How
many Ohms is the USB charging cable? b) Copper is used for making
cables. What is the area of the cable? Is it thin or thick?

e You make USB cables from iron. Cables have the same area and
resistance as copper cables. What is the length of iron cables? Are
they shorter or longer than copper cables? Why?

e Generally, conductors in electrical devices are made up of copper or
aluminium. Why do people prefer these metals?



ART TIME

Write a song about "resistivity”. Sing it to your parents, teachers, and
friends.

TERMINOLOGY

e resistivity - MeHLWIiKTi keaepri / yAeAbHOE COMPOTUBAEHME

e cross-sectional area - KeApAeHEH KMMaHbIH ayAaHbl / MAOLLAAD
NonepeyYHoro cevyeHms

e |evitation - AeBuTauma / AeBUTaLMUSA



5.5 PARALLEL AND SERIES
CONNECTIONS OF RESISTORS

YOU WILL:

e - design complex electric circuits (that have series and a parallel
combination of resistors) by using Ohm's law.

QUESTION

If one bulb burns out in electric garlands, all other bulbs stop working.
However, in cars and our homes, if one bulb burns out others keep
working. Why?

SERIES COMBINATION

TisbeKTen >aAFay AEreHiMis - pe3ncTopAapAblH DOipiHLUICIHIH COHbIHA
eKIHLWICIHIH 6acblHbIH »XaAFaHYbI.

TizbeKkTen >aAFayAblH epeKLUeAIKTepI:

1. BapAbIK pe3ncTop apKbiAbl 6TETIH TOK KYLUi 6ipaen BoAaabl:



=1, =1,, Figure 1.
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Figure 1. Series combination of resistors

2. TOAbIK Ti3bek yLUTapblHAAFbl KepHey TidbekTeri apbip pe3ncTop
VLITAPbIHAAFbl KEPHEYAEPAIH KOCbIHAbBICbIHA TEH,

Utotal = U, + U,, Figure 2.

U Uz

B U -

total

Figure 2

3. TisbekTen >XaAFaHFaH Pe3nCTOPAAPAbIH TOAbIK Keaeprici bapAblIK
KepAeprinepAiH KOCbIHAbICbIHA TEH;:

Reqg = R, + R,, Figure 3.

R.,= R;+R;
Figure 3

PARALLEL COMBINATION

[MapaAAeAb >XaAFay Aen eKi pe3ncTopAabiH 6acTapbliH Bip HYKTere >aHe
COHAApPbIH 6acka HyKTere »aAraHyblH alTaMbl3. [apasAeAb XaAFayAa
Tiz6eKTeri TOAbIK TOK KYLLi 9pbip pe3ncTopra 6eAiHeal, Figure 4.



Figure 4

[MapaAAeAb XXaAFayAblH epeKLLEeAIKTepI:
1. Opbip Pe3nCTop YLLUbIHAAFbI KepHey bipaen:
U= U, = U, Figure 5.

Figure 5

2. TisbeKTeri TOAbIK TOK KYLUi 2pbip pe3ncTopAafFbl TOK KYLUTEPIHIH,
KOCbIHAbICbIHA TEH;:

| =1, + 1,, Figure 6.



Figure 6

3. TisbeKkTeri TOAbIK KeEAEPri eH Killi KepAepriHiH MoHIHEH A€ TOMeH
6onaabl, Figure 7:

R

€q

@ VWA )

Figure /




Ti36eKTe|?1_ KOCY Ke3iHAE TOK KYLUI KEAECi SIAEMEHTKE »XeTy YLWiH O6ipiHLLi
3AEMEeHTTIH 6oMbIHAH ©TYIi TUIC. Bip 3AEeMEeHT ICTeH LUbIKCa, bacKaAapbl

Ad XXYMbIC icTeMen KaAaAbl. ECcKi rmpAagHaanapAaa TisbekTen Kocy
KOAAAHbIAFaH, Figure 8.

[MapaAAeAb KOCYAQ SIAEMEHTTEPAIH 9PKANCHICbl TOK K&3IHE »XaAFraHFaH.
Bip aAeMeHT 6y3bIACa, BacKaAapbl XXYMbIC >acan bepeai. Cebebi Tok
KyLLI TeK B6ip »XOAAAH >XypMmenai, Figure 9.



[MapaAAeAb KOCY MalUMHAa LUaMAAPbIHAQ, KOLUe LUaMAAPbIHAQ, YUAEPAE,
KeHceAepAe, 3aybITTapAd, SAEKTP CTAaHUMAAAPbIHAG KOAAAHDBIAAADI.
MbicaAbl, Bip BOAIK ICTEH LUbIFbIN KAACa, baCcKaAapbl TOKTbl TAaCbIMaAAaM

bepea,.

FACT




All devices in our house use a parallel connection, as shown in the figure.

EXAMPLE

Two 3 Ohm resistors are connected in series to a 6 Volts cell.
a. Draw a circuit showing how they are connected.

b. Calculate the equivalent resistance.

c. Calculate the current in the main arm.

d. Calculate the voltage on each resistor.

Solution:



%39

U

b.REq=R1+R2=3+3=GQ U=1><Req=>1=R_=1A

c. Because it is a series connection, &

currents are equal. d. U =I xR =1x3=3V

So we can write | =l,= il =] xR =1%3=3V
2 2 2

EXAMPLE




Calculate the equivalent resistance of the circuit.

Solution:
R,
I g e
=AW
-’z
=
Iy U
I e in R _=15Q
R R R 3 3 3 =4



RESEARCH TIME

Construct the following circuit. Record brightness. What happens when
you remove one of the bulbs?

LITERACY

1. Why is a parallel connection used in houses? Why is a series
connection not used in houses?

2. Electric kettle uses 10 Amperes current. You plug in three kettles at
once. How many Amperes do you need? Is it safe to use many
devices? Is there any danger?

3. Electric kettle uses 10 Amperes and 220 Volts. You plug in three
kettles. What is the equivalent resistance of three kettles? Why is it
lower than a resistance of one kettle?

ART TIME

Imagine you are a leader of 20 employees. How do you construct
relationships with them? Can you make an analogy with types of
combination of resistors? Is it easier to make connections with each of
them? Or make leaders for smaller teams?

TERMINOLOGY




e combination - KocbIAYy / coepAnHeHne
e series - TisbekTen / NOCAeAOBaATEAbHbIN
e parallel - napanAneAb / napaAAeAbHbIN



5.6 ELECTRICAL ENERGY AND
POWER

YOU WILL:

e - apply formulas of electric power and electric work for problem
solving.

QUESTION

Look at the Figure 1. This device is called electricity meter. Why do we
need it?

ELECTRIC POWER AND ENERGY

IAEKTP KYPbIAFbIAAPAbBIH XXYMbIC aTKapPYyAapbl YLUIH SHEPIUA Ka>KeT. 9Op
KYPbIAFbl 9PTYPAI LLAMaAa aHeprusa TyTbiHaAbl. COHAbIKTAH, KyaT
TYCIHIFH KOAAAHYbIMbI3Fa Typa KeAeal. KeAeci TancblpMara Hasap

ayAapblHbI3.



ACTIVITY

Kecteae 3 TypAi USB 3apsaaTay >kabAbIFblHbIH CMMaTTaMaAapbl 6epiAreH.

USB 3apsaaTay >XabAbIKTapbIHAAFblI TOK KYLUI, KEPHEY YXoHe KeAeprinepi
apacbiHAA KaHAAM KapbliM-KaTblHAC Kepin TYpPCbI3?

USB power standards [!Erigia;err;tsl ﬁ;gﬁgf [l‘-:.;:“};:tesr]
Low-power device (USB 2.0 | 01A | 5V . 050w
High-power device (USB 3.0 _ 05A 5V 25W
Type-C | 3a | sv | 15w

USB 2.0 USB 3.0 Type-C

What relationship do you see between current, voltage and power?
>KorFapFbl KeCTeAEH:

Current x Voltage = Power

Ampere x Volt = Watt

I xU=P

Current x Voltage = Power
Ampere x Volt = Watt
| xU=P

YakbIT BipAIri ilLiHAE TYTbIHbIAFAH (OKYMCAAFaH) aHeprma KyaT Aer
aTanaabl. KyaTTblH eALleM 6ipAiri BatTt (BT). 1 BaTT = 1 AYKOYAb/CEKYHA,
OcCblAQH KYyaT, 2HEPrmsa »XoHe yaKbIT apacblHAaFbl OaMAaHbIC KeAecCiaen
BOAAAbDI:



Energy = Power X time

E=Pxt

Energy = Power x time
E=Pxit

Table 5.6-pa Kenbip KYPbIAFbIAGPADBIH KyaTTapbl OepiAreH.

Alr
conditioner | AR
Cooker ! 4000 W
Kettle | 2200 W
Iron L1600 W
Microwave | 1500 W
Drill | 360 W
LCOTV | 213W
25" color TV | 150 W
19" color TV | 70 W
Light bulb | 100-60-32-18 W

Table 5.6



JOULE-LENZ LAW

A>KOYAb-/AeHL, 3aHbl TOK ©TKi3rill 60MbIMEH 6TKEHAE OTKI3TiLL Kbl3a
bacTanabl. BYA KO3FaAbICTarbl 9AEKTPOHAAPAbIH ©TKI3rLL
aTOMAAPbIMEH COKTbIFblCyblHaH 60AaAbl. COKTbIFbICYAAR ©TKI3rILL
aTOMAAPAbIH XbIAYAbIK TEPOEAICIH apTTbipaAbl. HoTmXeciHAe ©TKi3riww
Kbl3aAbl. OCbIAAH LWblFATblH KOPbITbIHAbBI, TOK KYLUI ©TKI3MWTEPAIH
OOMbIMEH 6TKEHAE, OTKI3rILUTEH CbIPTKA >XXbIAYAbIK dHEPrmna 6eAiHeAl.
TOKTbIH aTKapfaH >XYMbICbl AXKOYAb-/AeHL, 3aHbl aPKbIAbl aHbIKTAAAAbI.

Q=1"xRxt

Q=1"xR xt

Here:

Q-heat produced by electric current [J]
|-electric current [A]

R- resistance [Ohm]

t-time [s]

ACTIVITY

Electricity at home

People pay for the electric energy they consume at home. The energy is
calculated using different unit: kilowatt-hours.

TkW x h=1000 W % h
1000 W x h = 1000W x 3600 s
1000W x 3600 s = 3 600 000 J

The pricing is different everywhere. For example, in some cities, TkWh
costs 16.89 KZT.

Let us calculate the cost of electrical energy consumed by iron of 1600
W in 3 minutes.



a) We need to find how many kWh the iron consumed.
1600 W=1.6 kW

2min=0.05h

1.6 kW x 0.05 h = 0.08 kWh

Then, the cost is

0.08 x 16.89 =1.3512 KZT

Tasks:

a) Choose any 3 devices from the table 5.6 and calculate the cost of
electricity. Use the internet to find energy rates in your region.

b) 1.3512 KZT is not much. It seems that tariffs are quite cheap. Why does

then an average family of 4 people get electricity bills for 4-5 thousand
KZT per month?

EXAMPLE

Electric kettle with the resistance of 22 Q is used to heat 2 kg of water. If
the initial temperature of the water is 25°C, how much time later will the
water boil?

Cwater = 4200 J/kg°C. The kettle uses 220 V voltage.

Solution:

a) Electric current produces heat : Q = I? x R x t.

b) This heat is absorbed by water: Q = m x ¢ x AT.
¢) We can equalize these equations and solve for t.
PxRxt=mxcxAT

d) Electric current:

| =220V /22 Q.

e) Change in temperature is



AT=100-25= 75°C
10%x 22 xt =2 x 4200 x75H

Answer: t = 286.36 seconds or t = 4.8 minutes

EXAMPLE

A WiFi router works with 9 V voltage and 0.85 A current. Router works 5
days per week and 8 hours per day. How much energy does the router
use in 1 month? (1 month = 4 weeks)

Solution:
Power of router: P=IxV=P=35x220=7T70W
Time of works in one month: 4weeks x 5days x 8hours = 160hours
Time in seconds: 160 hours x 60 min x 60 sec = 576,000 seconds
Energy formula: E=Pxt=E=770x576,000= 4 406 400 J

RESEARCH TIME

How would you calculate kWh-s that you use at home without using
electricity meter?

FACT

EAES Ekibastuz thermal power station has the tallest chimney (about
420 meters) in the world. It uses coal to produce electrical power of
1000 MW, and it powers north regions of Kazakhstan and Baikonur
spaceport. It also uses the highest transmission voltage in the world
(1150 kV).

LITERACY

1. An electronic book uses 5 Volts and 1 Ampere. How many Watts of
power does the electronic book use?

2. An electric kettle uses 220 Volts and 10 Amperes. How many Watts
of power does the kettle use? Why do the kettle and the e-book



have different powers?
3. Why do we use kWh in electricity bills? Why do we not use Joules?
4. The electric kettle uses 220 Volts and 10 Amperes. It works for 5
minutes. How many kWh does it use? How many Joules does it use?
(1 kWh =1 kiloWatt hour = 3600000 J).

ART TIME

Make a sculpture that shows “electric power”. Make the sculpture and
show it to parents, teachers and friends.

TERMINOLOGY

e power - KyaT / MOLLHOCTb
e charger cable - 3apsaTarbill KabeAi/ kKabeAb AAS 3aPAAHOMO
YCTPONCTBAa



5.7 SHORT CIRCUIT

YOU WILL:

e - explain conditions for short circuit and describe methods of
preventing of short circuit.

QUESTION




Sometimes electric devices burn. What may be the reason of it?
SHORT CIRCUIT

KbiCKa TYMbIKTAAY Ke3iHAE TisbeKTeri TOK KyLUi KYPT apTaabl. ByHaAan
TOKTbIH 9CEPIHEH CbIMAAP KbI3biM, 6PT LWbIFYbl MYMKIH. AAaNAQ, OHbIH
AAAbIH aAYAbIH XXOAbI 6ap. OA YLWiH 6aAKbIMaAbl CAKTaHAbIPFbILL SAEKTP
KYPaAbl ManpaaAaHblAaabl. OHbIH MIHAETI - TOK KYLUi apTKaHAA KbI3blm,
BaAKY apKbIAbl Ti30eKTi axkblpaTy, Figure 1. OcblAnanLua KYPbIAFbIAAP
APTYPAI 3aKbIMHAH KOPFaAFaH OOAaAbI.

—
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Figure 1

BaAKbIMaAbl CAKTaHAbIPFbILL LLIAFbIH LWblHbI TYTIK MeH XiHillKe CbIMHaH
KypaAaAbl. BYA CbIMHbIH Keaeprici >KoFapbl 6OAFaHbIMEH, BaAKy
TeMnepaTypacbl ToMeH BoAbIN TabblAaabl, Figure 2, 3.



metal
glass

contact ;h,

thin wire

Figure 2

burned fuse

Figure 3

CIRCUIT BREAKER

BYA cakTaHAbIPFbIWTbIH 6acka 6ip Typi. TizbeKTeri TOK KyLUi TbiM
YXOFapbl OOAFAH Ke€3A€ aTAaAMbILL CAKTAHAbIPFbILL KIATTIH, KbI3SMETIH
aTKapblin, Ti30eKTi a>kblpaTaAbl.



R @/
N7

Figure 4

DISCUSSION




In summer, electric stations send more electric energy to consumers.
Why? (Use information about resistance-temperature dependence at
page 87).

EXAMPLE

The following devices are operating in a kitchen circuit:

50 W fruit blender

400 W refrigerator

800 W microwave oven
1.5 kW electric kettle

The electricity supply is 220 V. Circuit breaker has a rating of 20 A.

What is the current flowing through the circuit breaker? Does the circuit
break? Why?

Solution:
The total power: P = 50 + 400 + 800 + 1500 = 2750 W

Then we should find current:

P=IxV=I= £ =2750=12.5A

vV 220




Current is lower than the circuit breaker rating. That is why circuit does
not break.

RESEARCH TIME

Material: 9 V battery, wire, 2 small bulbs

2 2

..:II

Procedure: take 1lamp and remove the glass carefully so that the
filament is not damaged.

Connect them as shown in the picture. Blow to the filament. What is
happening? What is the reason?

FACT

When a fuse burns out, firstly a technician must find the fault and fix it.
Then the technician must replace the fuse with a new one.

LITERACY

1. Why do people use fuses in electronics? How do fuses work? What
materials can you use to make a fuse?
2. Why do people use circuit breakers in electrical systems? How do



circuit breakers work? What materials can you use to make circuit
breaker?

3. What are the differences between fuses and circuit breakers? Can
you list advantages and disadvantages of fuses and circuit breakers?

4. Why does a hot wire have bigger resistance than a cold wire? How
do atoms move in the hot wire? How do atoms move in the cold
wire?

5. How do atoms move when the temperature becomes lower than
-250 °C? Why does resistance become small when the temperature
becomes lower than -250 °C?

TERMINOLOGY

e circuit breaker - Tizbek a)<blpaTKbILLl / aBTOMaTUYECKNM
BbIKAKOYATEAD

e filament - Kbi3ba KblAbl / HUTb HakaAMBaHWA fuse - cakTaHAbIPFbILW /
NPeAOXPaHUTEADb



5.8 ELECTRIC CURRENT IN
LIQUIDS AND GASES

YOU WILL:

e - explain nature of electric current in liquids.

QUESTION

Why is it dangerous to deal with electricity when your hands are wet?

ELECTRIC CURRENT IN LIQUIDS AND GASES

IAEKTP TOrbl TYLbl CyFa KaparaHAa TY3Abl CYAAH >XaKCbl eTeal. He
cebenTi? Cebebi Ty3Abl CYAbIH KYPaMbIHAA TYLLbl CyFa KaparFaHAa
MOHAQP Kebipek Boaaabl. BYA MOHAQP CyAa ePITIAFeH TY3AaPAAH Manaa
BoAaAbl.

AcC TY3bIHblH XUMUAABIK dopMyAacbl NaCl. CyablH iliHAE TY3
MoAekyAacbl Na* (OH 3apsaAaTaAFaH MOH) »aHe Cl (Tepic 3apaAsTaAFaH
MOH) BOAbIN eKire 6eaiHeal. Figure 2. Na* MoHbl 6aTapesHblH Tepic
»XaFblHA YMTbIAaAbl, aA Cl” MOHbI OH »XXafblHa YMTbIAaAbIL. TY3Abl CYAbIH
iwiHAeri noHaapAbiH (Na* »keHe Cl™ ) 6aFbITTaAFaH KO3FaAbICTapbl
3AEKTP TOrblH TYAbIPaAbL.



Figure Z



Figure 1, 2 kepceTianreHaen, Cl- 6aTapeaHblH OH XafFblHa (AHOA, beArici
A) 6bapaabl, an Na* baTapesaHbiH Tepic XarbiHa (KaToa, 6earici C)
6apaabl. BYA MpoLecc aAeKTPOAU3 A€M aTaAdAbl. AFHU, epiTIHAI aPKbIAbI
TYypPa TOKTbIH ©TYIHAE 9AEKTPOAN3 KYObIAbICbl OPbIH aAaAbl. DAEKTPOAUS
npoueci eHAIPICTE KEHIHEH KOAAAHbIAAADI.

Electrolysis is used in industry and art, Figure 5. Electroplating,
electroforming, and electrotyping are types of the electrolysis.

Figure 5. Electroplated |eaves and coffee beans (a), electroplated nuts and bolts (b)

On the Figure 3 copper plate is submerged in liquid. Then copper atoms
in liquid (positive) go to key (negative). As a result, copper covers the
surface of the key. Key becomes electroplated with copper. This process
is called electroplating and it is used to cover the surface of one metal
with a thin layer of another metal. Electroplating protects metal from
corrosion (rust), Figure 4.
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Figure 3

Figure 4. Corrosion (rust) of nut and bolt (), car (b)

FACT

Fluorescent lamp.
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In fluorescent lamps, current flows through a gas. The mercury vapour in
fluorescent lamps is toxic.

ACTIVITY

Material: 2 connecting wires, wide jar, baking soda, water, 9V battery.
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Procedure: put some water into the jar. Pour baking soda in to the water
and mix. Connect the wire to the terminal of battery and put them into
water. You can see bubbles forming at the end of the wire. What gases

are they?

LITERACY

1. Why do we use electrotyping? How can you do electrotyping?
2. Why do we use electroforming? How can you do electroforming?
3. Why do people use chrome plating in cars and motorcycles? How

can you do chrome plating?




4. How does electric current travel when lightning strikes seawater
(saltwater)? Is lightning dangerous for sea fish?

5. Chlorine (symbol: Cl) is a toxic gas. It kills harmful bacteria. That is
the reason why chlorine is used to disinfect water. How can you
produce chlorine? Hint: Salt is NaCl.

6. Some cars use very bright “xenon headlights”. Why do they use
xenon gas? How does “xenon headlights” produce light?

Xenon headlight

7. Why does plasma lamp need electricity to give light? How does
plasma lamp work?



Plasma lamp

ART TIME

Prepare a flash mob that explains electrolysis. What ideas can you use?
Make the flash mob and show it to parents, teachers, and friends.

TERMINOLOGY

e fluorescent - AOMUHECLIEHTTIK / AFOMUHECLIEHTHbIV
e toXiC - ybITTbl / TOKCUYHbIN
e to dissolve - epy / pacTBOpPATbHCH



LABWORK 3

TITLE:

Electric current and voltage

OBJECTIVES:

e Measure electric current and voltage.
o Apply the Ohm’s law to determine resistance.

MATERIALS LIST:

power source (or battery)
resistor (or light bulb)
ammeter

voltmeter (or multimeter)
connecting wires

switch

Ounnh,wWDN
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SAFETY:

1.

Never close a circuit until it has been approved by your teacher.
Never rewire or adjust any element of a closed circuit. Never work
with electricity near water; be sure the floor and all work surfaces are
dry.

If the pointer on any kind of meter moves off the scale, open the
circuit immediately by opening the switch.

Do not attempt this exercise with any batteries or electrical devices
other than those provided by your teacher for this purpose.

Use a hot mitt to handle resistors, light sources, and other equipment
that may be hot. Allow all equipment to cool before storing it.

THEORY:

V=IxR

What is V? What is the unit of measurement of V?

What device does measure V?

What is I? What is the unit of measurement of I?

What device does measure |?

What is R? What is the unit of measurement of R?

What device does measure R?

Why does electric current flow through the circuit?

Why does electric current increase when the voltage increases?
Why does electric current decrease when the voltage decreases?



Voltmeter

Ammeter _
Kesistor

z& P! -

Battery

i

PROCEDURE:

NN -

Read the entire lab PROCEDURE, and plan the steps YOU WILL take.
Record your data in the data table.

Set up the apparatus as shown in Figure. Construct a circuit that
includes a power supply, a switch, a current meter, a voltmeter, and
the resistance. Do not turn on the power supply. Do not close the
switch until your teacher has approved your circuit.

With the switch open, connect the current meter in a straight line in
series with the resistance. 5. When your teacher has approved your
circuit, make sure the power supply dial is turned completely counter
clockwise. Turn on the power supply, and slowly turn the dial
clockwise.

Periodically close the switch briefly and read the current value of the
current meter.

Close the switch. Quickly record the current and the potential
difference across the resistance in your data table. Open the switch
immediately.

Turn off the power supply by turning the dial completely counter



clockwise.
8. Clean up your work area. Put equipment away safely.

ANALYSIS:

1. V= Volts

2. |= Amperes
3. R= Ohms

CONCLUSIONS:

When the voltage is doubled current doubles too. Explain why.



LABWORK 4

TITLE:

Current-voltage relationship (or |-V curve)

OBJECTIVES:

e Measure current and voltage.
o Apply the Ohm’s law to determine resistance.
e Draw current-voltage relationship (or |-V curve)

MATERIALS LIST:

power source (or battery)
resistor (or light bulb)
ammeter

voltmeter (or multimeter)
connecting wires

switch

Ounh,wWN



SAFETY:

1.

5.

Never close a circuit until it has been approved by your teacher.
Never rewire or adjust any element of a closed circuit. Never work
with electricity near water; be sure the floor and all work surfaces are
dry.

If the pointer on any kind of meter moves off scale, open the circuit
immediately by opening the switch.

Do not attempt this exercise with any batteries or electrical devices
other than those provided by your teacher for this purpose.

Use a hot mitt to handle resistors, light sources, and other equipment
that may be hot.

Allow all equipment to cool before storing it.

THEORY:

V=IxR

1.
2.
3.

What is V? What is the unit of measurement of V?
What device does measure V?
What is I? What is the unit of measurement of I?
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What device does measure |?

What is R? What is the unit of measurement of R?

What device does measure R?

Why does electric current flow through circuit?

Why does electric current increase when voltage increases?
Why does electric current decrease when voltage decreases?

Voltmeter

Ammeter _
Resistor

;k -— -

PROCEDURE:

NN -

Read the entire lab PROCEDURE, and plan the steps YOU WILL take.
Record your data in the data table.

Set up the apparatus as shown in Figure. Construct a circuit that
includes a power supply, a switch, a current meter, a voltmeter, and
the resistance. Do not turn on the power supply. Do not close the
switch until your teacher has approved your circuit.

With the switch open, connect the current meter in a straight line in
series with the resistance.

When your teacher has approved your circuit, make sure the power
supply dial is turned completely counter clockwise. Turn on the



power supply, and slowly turn the dial clockwise. Periodically close
the switch briefly and read the current value on the current meter.

6. Close the switch. Quickly record the current and the potential
difference across the resistance in your data table. Open the switch
immediately. Turn off the power supply by turning the dial
completely counter clockwise.

7. Repeat step 6 until you fill the table.

8. Clean up your work area. Put equipment away safely.

ANALYSIS:

Voltage Electric current
(Volts) (Amperes)




Current (Amperes)

Voltage (Volts)

Resistance= Ohms

CONCLUSIONS:

Explain why the line in the graph is straight (or curved)?



LABWORK 5

TITLE:

Series connection of resistors

OBJECTIVES:

e Measure current and potential difference across resistors in series.
e Find the unknown resistance of two resistors.

e Calculate the equivalent resistance.
e Analyse the relationship between potential difference, current, and

resistance in a circuit.

MATERIALS LIST:

power source (or battery)
resistor (or light bulb)
ammeter

voltmeter (or multimeter)
connecting wires

switch

O, WN
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SAFETY:

—
.

Never close a circuit until it has been approved by your teacher.

Never rewire or adjust any element of a closed circuit.

Never work with electricity near water; make sure the floor and all

work surfaces are dry.

4. If the pointer on any kind of meter moves off the scale, open the
circuit immediately by opening the switch.

5. Do not attempt this exercise with any batteries or electrical devices
other than those provided by your teacher for this purpose.

6. Use a hot mitt to handle resistors, light sources, and other equipment

that may be hot. Allow all equipment to cool before storing it.

NEN

THEORY:

V=IxR

1. What is V? What is the unit of measurement of V?
2. What device does measure V?
3. What is I? What is the unit of measurement of I?
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What device does measure |?

What is R? What is the unit of measurement of R?

What device does measure R?

Why does electric current flow through the circuit?

Why does series connection of resistors decrease current?

Voltmeter

V

Hesistor Resistor

-ty '.'.
wy— i ey

Ammeter Battery

PROCEDURE:

NN -

Read the entire lab PROCEDURE, and plan the steps YOU WILL take.
Record your data in the data table.

Construct a circuit that includes a battery, a switch, and two unequal
resistors in series. Do not close the switch until your teacher has
approved your circuit.

With the switch open, connect the current meter in series and the
voltage meter in parallel with one of the resistors. Do not close the
switch.

When your teacher has approved your circuit, close the switch.



Measure the current in and the potential difference across the
resistor. Record the information in your data table. Open the switch.

6. Carefully remove the meters from the first resistor. Rewire the
meters to measure the potential difference across and the current in
the second resistor. Do not close the switch.

7. When your teacher has approved your circuit, close the switch.
Measure the current in and the potential difference across the
resistor, and record the information in your data table. Open the
switch.

8. Leave the current meter in place, and carefully rewire the voltage
meter to measure the potential difference across both resistors.
Record this value in your data table.

9. Clean up your work area. Put equipment away safely.

ANALYSIS:

1. Using your measurements for potential difference and current,
compute the resistance values of R; and R, in each circuit.

2. Compute the equivalent resistance Reqg using the values found in
item 1.

3. Explain how the combination of resistors affects the total resistance
in the circuit.

4. Explain how the combination of resistors affects the total current in
the circuit.

CONCLUSIONS:

Compare the total current in each circuit with the current in each resistor.
What is the relationship between the current in an individual resistor and
the total current in the circuit?



LABWORK 6

TITLE:

Parallel connection of resistors

OBJECTIVES:

e Measure current and potential difference across resistors in parallel.

e Find the unknown resistances of two resistors.

e Calculate equivalent resistances.

e Analyse the relationships between potential difference, current, and
resistance in a circuit.

MATERIALS LIST:

power source (or battery)
resistor (or light bulb)
ammeter

voltmeter (or multimeter)
connecting wires

switch

O, WN
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SAFETY:

NN -

Never close a circuit until it has been approved by your teacher.
Never rewire or adjust any element of a closed circuit.

Never work with electricity near water; make sure the floor and all
work surfaces are dry.

If the pointer on any kind of meter moves off scale, open the circuit
immediately by opening the switch.

Do not attempt this exercise with any batteries or electrical devices
other than those provided by your teacher for this purpose.

Use a hot mitt to handle resistors, light sources, and other equipment
that may be hot. Allow all equipment to cool before storing it.

THEORY:

V=IxR

AWDN

What is V? What is the unit of measurement of V?
What device does measure V?

What is I? What is the unit of measurement of I?
What device does measure |?



5. What is R? What is the unit of measurement of R?
6. What device does measure R?
7. Why does electric current flow through the circuit?
8. Why does series connection of resistors decrease current?
Voltmeter
Resistor
€ i)
Hesistor
g 1
Ammeter Battery
PROCEDURE:
1. Read the entire lab PROCEDURE, and plan the steps YOU WILL take.
2. Record your data in the data table.
3. Construct a circuit containing a power supply, a switch, and the two

resistors wired in parallel, as shown in Figure. Do not close the switch
until your teacher has approved your circuit.



9.

With the switch open, connect the current meter in series and the
voltage meter in parallel with one of the resistors. Do not close the
switch.

When your teacher has approved your circuit, close the switch.
Measure the current in and potential difference across the resistor,
and record the information in your data table. Open the switch.
Rewire the meters to measure the potential difference across and
current in the second resistor. Do not close the switch until your
teacher has approved your circuit.

When your teacher has approved your circuit, close the switch.
Measure the current in and potential difference across the resistor,
and record the information in your data table. Open the switch.
Leave the current meter in place, and carefully rewire the voltage
meter to measure the potential difference across the power supply.
Record this value in your data table.

Clean up your work area. Put equipment away safely.

ANALYSIS:

. Using your measurements for potential difference and current,

compute the resistance values of R; and R, in each circuit.

Compute the equivalent resistance Req using the values found in
item 1.

Explain how the combination of resistors affects the total resistance
in the circuit.

Explain how the combination of resistors affects the total current in
the circuit.

CONCLUSIONS:

Compare the total current in the circuit with the current through each
resistor. What is the relationship between the current in an individual
resistor and the total current through the circuit?



LABWORK 7

TITLE:

Power and work of current

OBJECTIVES:

e Measure current and potential difference across resistor.
e Measure power and work of current

MATERIALS LIST:

power source (or battery)
stopwatch

ammeter

voltmeter (or multimeter)
connecting wires
calorimeter

electronic (or mechanical) scales
thermometer

stirring rod

water

. switch

COXNOUTAWN -

—
—
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SAFETY:

NN -

Never close a circuit until it has been approved by your teacher.
Never rewire or adjust any element of a closed circuit.

Never work with electricity near water; make sure the floor and all
work surfaces are dry.

If the pointer on any kind of meter moves off the scale, open the
circuit immediately by opening the switch.

Do not attempt this exercise with any batteries or electrical devices
other than those provided by your teacher for this purpose.

Use a hot mitt to handle resistors, light sources, and other equipment
that may be hot. Allow all equipment to cool before storing it.

If a thermometer breaks, notify the teacher immediately.



8. Do not heat glassware that is broken, chipped, or cracked. Use tongs
or a mitt to handle heated glassware and other equipment because it
does not always look hot when it is hot. Allow all equipment to cool
before storing it.

9. Never put broken glass or ceramics in a regular waste container. Use
a dustpan, brush, and heavy gloves to carefully pick up broken
pieces and dispose of them in a container specifically provided for
this purpose.

THEORY:
e V=[xR
e P=I”7XR=Vx|=V?/R
e Q=mxcxAT

V=IxR
P=I“xR=VxI=V2/R
Q=mxcxAT

What is Q? What is the unit of measurement of Q7
What is m? What is the unit of measurement of m?
What is ¢c? What is the unit of measurement of c?
What is AT? What is the unit of measurement of AT?
What is V? What is the unit of measurement of V?
What device does measure V?

What is I? What is the unit of measurement of I?
What device does measure |?

What is R? What is the unit of measurement of R?
What device does measure R?

Why does electric current flow through circuit?
Why does resistor heat up?



Resistor

Ammeter Battery

Vaoltmeter

PROCEDURE:

—
-

Read the entire lab PROCEDURE, and plan the steps YOU WILL take.

Record your data in the data table.

Measure mass of water, put water in calorimeter, measure

temperature of water.

4. Construct a circuit containing a power supply, a switch, and the
calorimeter, as shown in Figure. Do not close the switch until your
teacher has approved your circuit.

5. With the switch open, connect the current meter in series and the
voltage meter in parallel with one resistor. Do not close the switch.

6. When your teacher has approved your circuit, close the switch.

Measure the current in and potential difference across the resistor,

and record the information in your data table. Wait for about 10

minutes and record your time.

Measure final temperature of water.

Clean up your work area. Put equipment away safely.

NEN

o N



ANALYSIS:

1. Using your measurements for potential difference and current,
compute the power released in calorimeter.

Calculate work done by electric current.

Calculate heat absorbed by water.

Calculate efficiency of electric heater.

Calculate heat dissipated to surroundings.

CONCLUSIONS:

g WN

Why is efficiency not 100%?



SUMMARY

The potential difference (voltage) of battery “pushes” free electrons
through a conductor. The directed motion of charged particles in a
circuit is called an electric current.

o | =q/t

[ =q/t

A direction of electric current is assumed as from positive terminal to
negative terminal.

e Conductors - allow current to pass through them.
e [nsulators - do not allow current to pass through them.
e Electric current can exist only in closed loops. These loops are called

circuits.

The potential difference is called voltage.

We use an ammeter to measure electric current.

The potential difference is also known as voltage.

Voltage is measured by a device called a voltmeter.

Electric current is directed motion of charges in a conductor.
Conductors resist the motion of free electrons. This is called
electrical resistance.

e Ohm’s law:

R=V/I



- U -

e The resistance of a conductor depends upon three factors: length,
cross-sectional area (thickness) and type of material.

-
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A rheostat is a variable resistor. It is used to change the current in a

circuit.

e There are 2 types of combination of resistors: series and parallel.

e When you connect two or more resistors end to end, it is called a
series combination.

e a)Il=1I=1,

e pb) Vtotal =V, +V,

e O)Reg=R, + R,



total ‘1 2

When you connect two or more resistors side by side, it is called a
parallel combination.

aV=V, =V,

Yl =1,+1,



e Electrical Power:;

e Electrical energy and Joule-Lenz law:



FE=P¥%1
EA 1% R X

e During the short circuit, high current flows through the circuit.

e A fuse consists of a small glass tube with a thin wire inside.
[ J

metal l
contact glass

P

.* —
I .
A

thin wire

A circuit breaker (the type of fuse) is similar to a switch. When the
current is high it breaks the circuit.

e As the temperature of a wire increases, its resistance increases too.
e Electrolysis is the name of the process used to separate compounds
into elements by means of electric current.

e Electroplating is the process of coating the surface of metal objects
using electric current.






PROBLEMS

ANSWER THE QUESTIONS

1. What is the equivalent resistance between K and M?

220
J '.ﬁIJ.‘ f,-' ,\I_.'-.
29 41 flf 61 Q: I?ﬂ
1 I R
K 82 Q) M

2. Calculate the currents in the circuit.
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3. What is the resistance R in the circuit?
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4. A student wants to measure the resistance of a resistor. Which circuit
diagram should the student use?

A) B)

20

a
-

,
J-_'

Al
-

-

5. What is the current | in the circuit?

0.715}1—»/\*&/‘
|

-
26A

6. What is wrong with the circuit given in the figure?
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7.1200 W, 2000 W and 720 W devices will be operated on 220 V at the
same time. Calculate the current through each device.

8. A vacuum cleaner of power rating 1440 Watt operates on 240 V. What
is the correct current of fuse in the circuit used to operate this machine?

9. The power rating of a kettle is 1200 W. If the kettle draws 5 A, what is
the operation voltage of the kettle?

10. If an electrical device dissipates 1800 J in 5 minutes, what is the
power of the device?



PHYSICS IN LIFE

1. Fruits and vegetables can produce electricity. How?

2. The cost of electricity of an average lightning is about 1000000 KZT.
Why we do not use it?



3. Handles of these instruments are made of rubber and plastic. Why?

4. Sometimes doctors use this device to give an electric shock through
human body. Why?



5. Birds can sit on high-voltage wires. However, electricity does not
harm them. Why?

—

6. People are able to control their muscles. How?






CHAPTER 6

ELECTROMAGNETISM

6.1 MAGNETIC FIELD

6.2 MAGNETIC FIELD IN NATURE
6.3 ELECTRIC MOTORS

6.4 ELECTRICITY PRODUCTION
LAB WORK 8

LAB WORK 9

SUMMARY

PROBLEMS




6.1 MAGNETIC FIELD

YOU WILL:

e - explain properties of magnetic field;
e - determine direction of magnetic field of straight wire and solenoid.

QUESTION

Why do magnets push or pull other magnets and iron objects?
Why can't magnets push or pull plastic or wooden objects?

You attach a magnet to the string. Why does it rotate? Then you attach
wood to the string instead of the magnet. Will it rotate?

MAGNETIC FIELD

MarHUMTTEep MarHUTTIK AOMeH BOAIKTepPIHEH KyYpaAaAbl. MarHUTTIK AOMEH
- MArHUTTIK epicTepi barblITTac 6OAFAH MUAAMAPATAFAH aTOMAQP TOObI.
OP MAarHUTTIK AOMEH KilLUKeHTam MarH1T Topi3aec.



Figure 1

MarHuTTiK KacneTi b0OAMaFaH 3aTTapAd AOMEHAEPAIH MAarHUTTIK ©pPICi
JPTYPAI BaFbiTTa BOAaAbI AQ, YXAATMbl MArHUTTIK ©pIC HEATe TeH BOAaAbI,
Figure 2. COA YLUiH afFaLll, MAACTUK, MbIC CUAKTbI 3aTTapAblH MAarHUTTIK
KacmeTi boOAManAbL.
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Kes KeAreH MarHMTTblH anHaAaCblIHAG MArHUT epici manaa 6oAaAbl.

MAGNETIC FIELD LINES

MarHnTTepPAIH KallbIKTbIKTa bip H6ipiMeH dcepAecyi, OCbl MarHuT epiciHiH
apKacbiHAA BOAaADL. T¥C6aFAapAbII—I, (koMnac) ILLIIHAeFI KiLLKEHTaM
MarHuUT XXepAiH MarHUTTIK epiciMeH apeKkeTTecin aHaAaAbl A3,
COATYCTIK-OHTYCTIK BafbITblH KOpPCeTeA.

MarHuMTTIH XXaHblHA TEMIP YHTAKTAPbIH CENMKEeHAE YHTAKTap OeAriAi
CbI3blKTap 6ombiMeH opHaAacaabl (Figure 3). ByA Cbi3blKTap MarHuUT
OPICIHIH KYLU CbI3blKTapbl Aen aTaAaAbl. MarHUT ©pPICiHIH KyLLU



CbI3bIKTAaPbl TYMbIK >XOHE MAarHUT CblIPTbIHAA, OafFblTbl COATYCTIKTEH (N)
OHTYCTiKKe (S) Kapan 6oAapbl.
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Figure 3



MarHuUTTIK ©pIC CbI3bIKTAaPbIH KOPY YLUIH YHTAK TeMIip MeH MarHuTTIK
CYMbIKTbIK KOAAAHbIAaAbl (YouTube-Ta magnetic fluid-Ti
KapacCTblIPblHbI3).

ELECTRIC CURRENT AND MAGNETIC FIELD

Ke3 KeAreH aAeKTp Torbl 6ap eTKi3ril anHaAacblHAA MAarHUTTIK epic
nanaa 6oaaabl. Figure 4 - Te TOK K&3iHe KOCbIAFAH TY3Y CbIM
KOPCEeTIAreH.



Iron filings and compass show direction of magnetic field lines, Figure 4
a. You can find direction of magnetic field lines by Right-Hand rule
(R.H.R.), Figure 4 c.

iron




Figure 4.
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Fligure 4.

ELECTROMAGNET

We can construct an artificial magnet using electric current. In Figure 5 a
you can see parts of the electromagnet: coil (solenoid) and iron inside of
it. The magnetic field lines of the electromagnet are shown in the Figure

5b.



lron

Sulenuid

a) Working electromagnet

Figure 5.

b) Magnetic field in solenoid

Figure 5.



You can find the direction of the magnetic field lines using Right-Hand
rule (R.H.R.). Four fingers show the direction of the current and thumb
shows the direction of the magnetic field.

ACTIVITY

(a) @ @ (d)

Which of the compass-needles do correctly show the magnetic field
lines? Head of the arrow is North. A tail of the arrow is South.

RESEARCH TIME

Materials: a wire with insulation, a nail, battery (1.5 Volts or 9 Volts), small
iron objects.

Procedure: Make a setup the same as shown on the figure. Why do iron
objects stick to the nail?



What happens if you add more turns of wire?

What happens if you disconnect the wire from the battery?

FACT




Magnetic fluid (ferrofluid) is used in Hard Disk Drives (HDD),
loudspeakers and cancer treatment.

LITERACY

N

. Why do magnets push or pull at a distance? Why can you not push

or pull any object at a distance?

Why are some materials magnetic and other materials are not?
When you heat a magnet, it loses its magnetic property. Why do you
think this happens?

Why does the Earth have the magnetic field? How do animals and
people use the magnetic field of the Earth?

Why does atom have the magnetic field?



6. What may happen if the Earth has no magnetic field?

ART TIME

Can you make a “magnetic fluid” or “magnetic putty”? What materials
can you use? Search “magnetic fluid” or “magnetic putty” on YouTube.
Make the “magnetic fluid” or “magnetic putty” and show to parents,
teachers, and friends.

TERMINOLOGY

iron - TeMip / »xeneso
magnetic field - MarHuTTiK epic / MarHMTHOE noae
compass - komMnac / komMnac

electromagnet - aAeKTPOMarHuT / aAeKTPOMarHuT



6.2 MAGNETIC FIELD IN NATURE

YOU WILL:

e - describe magnetic phenomena in nature.

QUESTION
5 s XM
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Birds travel long distances, but they do not use any compass and
technology. How do birds and some other animals navigate?

MAGNETIC FIELD IN NATURE

MarHuT epiciHiH TaburFaTTaFbl POAI ©6Te MaHbI3AbI.

Kinke iAiHreH MarHnTTep ByYPbIAbIN COATYCTIK NeH OHTYCTIKTI
YAAFAWTbIH CbI3blK OOMbIMEH OpHaAacaabl. BYA - XKepAiH MarHUTTIK
OpiCiHIH Bbap BOAFaHbIHA ADAEA. AFHM XKep - YAKEH MarHuT. XKep
AAPOCbIHAA OAaAKbIFaH MeTaAAap KO3FaAbIn >aTaabl. COA BaAKbIFaH
MeTaAAAPAbIH KO3FAaAbICbl SAEKTP TOIMbIH, aA SAEKTP TOrbl MAarHUTTIK
OpPICTI TyAblpaAbl AereH 6oAXaM bap.

YKepAiH MarHUTTIK MOAKOCTEPI MeH reorpaduAaAblK MOAKOCTERI SPTYPAI
HYKTEeAepAe OPpHAaAACKaH. ApaAapblHAAFbl 6y pbill LiaMmameH 10°
aHaAacblHAQ. BYA 6ypbIlL apAanibiM e3repyae. XKepaiH MarHUTTIK epic
CbI3blKTapPblHbIH OaFbIThbl 3KBATOP XXAaKTa »Xepre napasAeAb, aA
MOAKOCTEPAE Xepre nepneHAnkyAap (Figure 1).
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KepaiH MarHuUTTIK epiciHiH @cepi (MarHeTocdepa) 70000-80000 km
KALUbIKTbIKKa AENIH Ce3IAeA.



Figure 3



MarHeTocdepa - >Kep nAaHeTacbiH KyHHEH LWbIKKaH 3UAHABI FapbiLLl
CoOyAEAEpPiHEeH KOPFanTbiH KaAKaH. MarHeTtocdepa 60AMaca, FapbILLTbIK
COYAEAEep 9CepiHeH Tipi aF3aAapAa iCiK >XoHe paK nanaa 60AaTbIH eAl.

AFHK, MarHeTochepa 6OAMACa, FapbllTbIk CayAenep XKepaeri 6apAblK
TIPLLIAIKTI YXOMbIN XibepeTiH eai.

BIRDS

The results of the research indicate that birds use the Earth’s magnetic
field to determine their direction of flight, Figure 4. The presence of the
magnets placed on their heads destroyed the orientation of magnetite
particles naturally inside the bird's own head so that they could not
sense the Earth’s magnetic field.

Figure 4



Magnetite particles have also been found in other living things such as
bacteria, monarch butterflies, tuna fish, dolphins, and whales.

MAGNETOSTATIC BACTERIA

Some types of bacteria living in the water around the magnetic poles of
the Earth find their direction of motion by using the Earth’s magnetic
field. For this reason, these bacteria are called magnetostatic bacteria.

They have intracellular chains of magnetite particles in their bodies as
shown in Figure 5. The iron oxide particles in the chain act as tiny
magnets and help bacteria to determine the downward direction. Thus
they can move down to nutrient-rich sediments or stay in optimal depths
in water. Remember that at the magnetic poles magnetic field lines
extend down towards the Earth's core.

w

Figure 5

FACT




The greatest magnets in the Universe are neutron stars. Their magnetic
field could be 10" stronger than Earth's.

IT-LINK

Download smartphone or tablet application - compass.

RESEARCH TIME

Materials: water, plate, needle, magnet, tape, styrofoam or cork.

cork

&

Procedure: Rub the needle with the magnet many times. Tape the needle
to styrofoam and put them on the water. In which direction does the
needlepoint? Why does it show that direction?

LITERACY

1. What is the role of magnetic field in nature?



What is magnetosphere and how does it protect us?

Are magnetic North and geographical North the same places?

Give examples of how animals and people use the magnetic field to
navigate.

HWN

ART TIME

Hide a treasure (important thing) anywhere and mark it on map. Show
coordinates to your classmates. Use a compass or smartphone
application to find classmate’s treasures.

TERMINOLOGY

hazardous - KayinTi / onacHbI
COSMIC rays - FapbILWTbIK COYAEAep / KOCMUYECKNe AyUu
hemisphere - >xapTbl Wap / NnoAyLuapme

to navigate -6araap aAy / opreHTUpoBaTbCA



6.3 ELECTRIC MOTORS

YOU WILL:

e - describe the effect of the magnetic field on current carrying wire;
e - explain the structure and working principles of an electromotor and
electric devices.

QUESTION

Why do these tools need electricity to work? Why can’t they work
without it?

ELECTRIC MOTORS

CbIM apKbIAbl TOK 6TKEH Ke3Ae CbIPTKbl MAarHUT ©PICi CbIMADI
KO3FaAbICKa KeATipe anaabl. KyLWTiH 6afblTbl CbIM iLLIHAEM TOKTbIH
6afFblTbiIHA GaMAaHbICTbI, Figure 1 a,b. Tok kyLLi 6oAMaca, KyLl acep
eTnenal, Figure 1 c. BYA Kyl MarHUTTIK KYLU A€M @aTaAaAbl.
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MarHuT epiciHAE Torbl 6ap CbIMFa MAarHUTTIK KYLUTIH 9Cepi TEXHUKaAA
KEHIHEH MamaaAaHblAaAbl. MbiCaAbl, KO3FAATKbILL 9AEKTP dHEPIUACHIH
MEeXaHUMKAAbIK SHeprmara anHaAAbIPaAbl. DAEKTP KO3FAATKbILUbIHbIH,
cynbacbl Figure 2 a - pa 6epinreH. KO3FaATKbILLUTbIH MAarHUTI >KoHe
KaTyLukacbl 6ap, Figure 2 b. Ko3rFaATKbILL apKbIAbl TOK 6TKEH Ke3Ae
MArHUTTEP TOrbl 6ap KaTyLLUKaHbl aHAAAbIPaAbI.
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Where can we use the motor in the daily life?

FACT

TRAVEL y MAGLEV

MaglLev (magnetic levitation) trains use a magnetic field to float above
the ground. When they move they do not touch the ground.

RESEARCH TIME

Electric motor



Materials: magnet, battery, safety pin, insulated copper wire, scissors,
cutter, rubber band.

Procedure: Use Youtube.com. Search “Simple electric motor”.

FACT




mixture of magnetic
and non-magnetic
materials

non-
magnetic
material

magnetic ___:

material Mg s~ "y

Permanent magnets are used to separate magnetic materials from
nonmagnetic ones. The figure below shows how a magnet can separate
magnetic materials such as iron pieces from a mixture.

ACTIVITY




spring 4 pointer

=

o

We can use magnetic force in other devices, for example, in ammeters
and voltmeters. The model of these tools is shown on the figure. How do
you think these devices work? Can you explain the functions of all parts?
Discuss your answers.

ACTIVITY

Design a toy

You need to design and draw a toy that can move and do certain
functions. You choose the mass, functions, operating current, number of
batteries, and number of motors in your toy.

Instructions:

e - The motor works with a current no more than 1.5 A.

e - Each battery can produce current no more than 0.75 A. It means 2
batteries can produce maximum 1.5 A.

- The motor produces a force. Formula: Force [N] = 4 x Current [A] -
6 N of motor force can push no more than 300 grams of toy’s mass.
- One battery has a charge of 3 Ah.

e - Mass of 1 battery is 30 grams.

- Mass of 1 motor is 50 grams.



Tasks:

e a) Draw a picture of your toy. How big is your toy? What is the mass
of your toy without motors and batteries?

e b) What is your toy’s function? What is the operating current? How
much force does it need?

e c) How many batteries does your toy need? What is the total mass
of your toy?

e d) How much money do you spend on batteries?

e ¢) You need to calculate how much time your toy can work.

Use this formula

Total Charge of batteries [Ah]
Total operating surrent [A] ~

Time [h] = Number of batteries x
- 3 x Total operating current [A]

ART TIME

Can you make a “Curie pendulum”? How does it work? Make it and show
it to parents, teachers, and friends.

LITERACY

An electric motor of a lift can lift a maximum mass of 1000 kg. What can
you do to make motor lift more?

Why do electric motors use magnets? Why do electric motors use
electric current?

Loudspeakers, headphones, and other sound devices need magnet.
Why?

Why are “MaglLev” trains faster than normal trains?

What can happen if all electromotors on the Earth stop for one hour?

TERMINOLOGY

external - cbipTKbl / BHELUHWM
electric motor - aAeKkTp MOTOP / 3AEKTPUYECKnU ABUraTeAb

mechanical energy - MexaHUKaAbIK 3Heprma / MexaHn4yeckaa sHeprus






6.4 ELECTRICITY PRODUCTION

YOU WILL:

e - describe electromagnetic induction;

e - give examples of electricity production in the world and in
Kazakhstan.

QUESTION

Why does Kazakhstan produce electric energy mostly from the fossil

fuel? How would you explain the general process of electricity
production?

ELECTRICITY PRODUCTION

Figure 1 a-Fa KapaHbI3. BYA )Xepae CbIM >KaHe aMnepMeTp KOPCeTIATEH.
ELuKaHAaM BaTapes »OK, COHAbIKTaH aMnepMeTp Ti3beKTe TOK KYLUIH
6OAMaFaHbIH KepceTin Typ.



no maotion

no current

Figure 1

ANanpa CbIMAbBI YXOFApbl KUMbIAAAGTCAK, aMMepMeTPAIH KUMbIAbIHAH,
TizbekTe Oip yaKblTTa TOKTbIH Manaa OOAFaHbIH aHblIKTa aAaMbI3,
Figure 1b.
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MarHuUTTI >)XOFapbl-TOMEH KO3FAATKAH Ke3Ae, TOK KYLiHIH 6aFbIThl
e3repeai. MarHnT Ko3raAMaraH >Xafaanaa ToOK 6oAManabl. ByA saicneH
TOK TYAbIPY SAEKTPOMArHUTTIK MHAYKLMA A€M aTaAaAbl.

IAEKTPOMArHUTTIK MHAYKLUWA SAEKTP TOrMblH TYAbIpaAbl. BYA aAICTI
KOAAQHATbIH KYPbIAFbIAGP FreHepaTopAap Aen atanaasbl. OAnapAbiH
ILIHAE KaTYyLUKaA >XoHe MarHnTTep 6oAaabl. [eHepaTopAbl
aNMHAAADBIPATbIH MEXaHUKAABIK KyLl OOACA, reHepaTop COA MEXaHUKAABIK,
3HEPrUAHbl IAEKTP 3HEPTrUACbIHA aMHAAAbBIPAADI.

Look at the pictures below.
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small gear generator

- What is the source of mechanical energy?

- How can you name each picture?

- How are the named parts important in each case? What may their
functions be?

- What can be in common among pictures?

RESEARCH TIME

Power Plants

e - How many power plants are there in Kazakhstan?



e - How would you show them on the map?

Electricity at home

How is electricity delivered to your home? Answer the question using the
picture or diagram.

FACT

movable head ~

motor
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step motor

hard disc

Hard disc drive

Movable head uses electromagnetic induction to read and write
information from hard disk.

ACTIVITY

This is a map. It has several independent regions. These regions have
many sources of energy. People need electricity. They have chosen you
to solve this problem and build power plants.
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Types of power plant:

1. Water

a) Power: 702 MW

b) Conditions: big flat area.

2. Nuclear

a) Power: 4000 MW

b) Conditions: a lot of water.

3. Fossil

a) Power: 2500 MW

b) Conditions: produces a lot of CO,, needs lots of plants around.
4. Bio

a) Power: 1000 MW

b) Conditions: a lot of biomass fuel.

5. Solar



a) Power: 40 MW

b) Conditions: sunny and flat regions

6. Wind

a) Power: 45 MW

b) Conditions: strong winds

Questions.

a) How would you solve this problem? Explain your solution.

b) 1 family of 4 people needs about 5 kW of power. How many families in
each region can use electricity? Estimate your answers.

RESEARCH TIME

“Kazakhstan Energy - 2050”

e - How would you develop energy production by 20507?

e - What kind of power plants would you build and where?

e - What kind of problems may you face during these years? How
would you solve them?

Show them on the map. Give detailed answers. Support them with
calculations.

LITERACY

1. Dynamo powers headlights of bicycle when it moves. When the
bicycle stops, there is no light. How does dynamo work?

2. How does Ekibastuz GRES-2 Power Station use coal to produce
electricity?

3. Why is Bukhtarma hydroelectric power plant is built on the Irtysh
river? How does it work?

4. Imagine you are on the Moon. How many ways of electricity
production can you find there?

5. Search for "Crank Generator” or "Spool Generator” on Youtube. How
would you construct such a generator?

ART TIME




Can you imagine life without electricity? What do you do if there is no
electricity? Can you write prose or a poem about life without electricity?
Write it and read to parents, teachers, and friends.

TERMINOLOGY

to disappear - ombIAY / Mcye3aTb
condition - wapT / ycAaoBue

fossil - nanaaAbl Kazbanap / UCKoMaeMoe



LABWORK 8

TITLE:

Magnetic field

OBJECTIVES:

e To use a compass to explore the direction of the magnetic field of a
permanent bar magnet.
e To draw magnetic field lines of a permanent bar magnet.

MATERIALS LIST:

1. permanent bar magnet
2. compass
3. graphing paper

SAFETY:

1. Magnets can generate strong forces. Never place your fingers
between two magnets.

2. Do not attempt this exercise with any magnets other than those
provided by your teacher for this purpose.



THEORY:

e Why do magnets push or pull on a distance? Why can’t you push or
pull on a distance?

e Why do we use a compass? How does the compass work? What
materials do you need to make the compass?

PROCEDURE:

Read the entire lab PROCEDURE, and plan the steps YOU WILL take.
Put bar magnet on a graph paper (or notebook).

Draw outline of the bar magnet.

Put the compass near the bar magnet.

Draw the needle of the compass on the graph paper.

Move the compass a little.

Draw the needle of the compass on the graph paper.

Connect the needles.

Repeat steps 5-6-7-9 until there is no free space on the graph paper.
Clean up your work area. Put the equipment away safely.

COOXNOUTAWN -

—




ANALYSIS:

1. What does the arrow of a compass show? Why does the arrow of
the compass rotate?

2. Where does the line that connects needles start? Where does it end?
What does this line show?

CONCLUSIONS:

How can you use permanent magnets in new ways?



LABWORK 9

TITLE:

Electromagnet and permanent magnet

OBJECTIVES:

e Compare magnetic fields of permanent magnet and electromagnet.

MATERIALS LIST:

permanent bar magnet
electromagnet

power source (battery)
connecting wires

iron mass set

abrWN



Simple Electromagnet

I
|
|

SAFETY:

. Magnets can generate strong forces. Never place your fingers

between two magnets.

Do not attempt this exercise with any magnets other than those
provided by your teacher for this purpose.

Never close a circuit until it has been approved by your teacher.
Never rewire or adjust any element of a closed circuit.

Never work with electricity near water; make sure the floor and all
work surfaces are dry.

If the pointer on any kind of meter moves off the scale, open the
circuit immediately by opening the switch.

Do not attempt this exercise with any batteries or electrical devices
other than those provided by your teacher for this purpose.

Use a hot mitt to handle resistors, light sources, and other equipment



that may be hot. Allow all equipment to cool before storing it.

THEORY:

Why does the magnet attract the iron mass set? Why does the
magnet not attract wood or plastic objects?

2. Why does the electromagnet attract the iron mass set? Why does
the electromagnet not attract wood or plastic objects?
3. Can the electromagnet attract if there is no current in it? Why?
PROCEDURE:
1. Read the entire lab PROCEDURE, and plan the steps YOU WILL take.
2. Take a bar magnet and attach masses to it.
3. Determine the maximum mass that the bar magnet can hold.
4. Take the electromagnet and connect it to the power source.
5. Determine the mass that the electromagnet can hold at the lowest
voltage.
6. Increase the voltage and determine the mass that the electromagnet
can hold.
7. Repeat step 6 until you reach the maximum voltage.
ANALYSIS:

‘Maximum mass that bar magnet can attract (kg)

Maximum mass that
electromagnet can

attract (kqg)

Voltage of power
source (V)



CONCLUSIONS:

—
.

At what voltage is the electromagnet equal to the bar magnet?

2. How does the mass that the bar magnet can hold depend on the
voltage?

3. Is there any electricity inside the permanent bar magnet? Why does

the bar magnet attract iron objects?



SUMMARY

According to theory, the magnetism of materials depends on
domains inside them. A domain is a group of atoms lined up together
in a small region.
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e A motion of charges generates a magnetic field around the wire.
e The trajectory of the magnetic field is circular. It can be clockwise

and counter clockwise. In order to find it, we use the right-hand rule.
The thumb is directed in the same direction as the electric current.
Magnets can attract or repel each other.

The magnetosphere has great importance for life on the Earth. It
acts like as umbrella protecting the Earth from hazardous cosmic
rays coming from the Sun.

When the current flows through a wire, an external magnetic field
can push the wire and produce a force.

This force is called magnetic force. Electric motor uses that force
converting electric energy into mechanical energy.



mechanical
energy output

motors
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e When you move the magnet back and forth in the coil, the current is
generated in the coil. This generation of the electric current is called
electromagnetic induction. We use electromagnetic induction to
produce electric current.

the wire is
moved up ¥

a current flows



PROBLEMS

ANSWER THE QUESTIONS

1. Draw the magnetic field lines between the magnets when you place as
shown below:

a) N N S
2. What will the direction of the compass needle be if it is placed
between the arms of the U-magnet shown in the figure?



3. Which of the following figures cannot be obtained using bar magnets?
Why?

A) B) Q) D)

BEA

4. Which one of the statements below is not correct with respect to the
electromagnet?



A) It attracts plastic objects.

B) The iron produces a magnetic field in the space around it.
C) One end of the nail becomes a north pole.

D) Direct current flows through the circuit.

5. In which of the figures below is there no current on the ammeter
scale?

A) <L B) b4
(mmﬁ. -
0
A

C)







PHYSICS IN LIFE

1. These flashlights work without use of batteries. How?

Q‘ D

2. When this train moves. It does not touch the ground. Why?

3. Hard disc drives (HDD) are made up of magnetic material. Why?
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/7.1 LUNAR AND SOLAR ECLIPSE

YOU WILL:

e - graphically represent solar and lunar eclipses.

QUESTION

Why can we see the full moon only once a month? Why do you see only
part of the moon at other time?

LUNAR AND SOLAR ECLIPSE

>KapbIK - aHeprugaHbiH 6ip Typi. TaburaTTaFbl >XapPblKTblH Heri3ri ke3i KyH
6OAbIN TabbiAnaabl. XKapblK TY3y 6aFbITTa TapaAaAbl.



ByHbl TOMEHAE KOPCETIAFrEeH AEMOHCTPAUMA apPKbIAbl TYCiHYre 60AaAbl,
Figure 1. KaTapblHaH TypfaH VLW TakKTaHblH (8pbipiHAE CaHblAaybl 6ap)
b6ipeyiH OPHbIHAH KO3FaFaH »XarAanAad ManmLLaMHbIH >Xapblfbl KepiHOen
KaAaAbl.

Figure 1

Another proof is a formation of the shadow, Figure 2. Assume light
comes from the flashlight through a small hole (point light source). If you
put an opaque object in the path of light, dark region (shadow) is
displayed on the screen. This dark region is called umbra.

illuminated ““m“

Pﬂfﬂ? I!Ifgﬁt regfﬂn =
source
=s v
j ] i
| pin
hole dark region
[umbral
Figure 2

Sometimes the source of light is not like a point. It can be bigger. This
time 2 types of shadows can be formed: umbra and penumbra.
Penumbra is a region where some light from the source can pass, Figure
3.



Figure 3

FACT

In ancient times people used sundial (shadow clock).

ACTIVITY

Draw Eclipses



KYHHIH HeMece AnAabIH TYTbIAYbI Ke3iHae KyH, An >koHe XXKep Oip CbI3blK,
6oMbIHAQ OPHAAACAADI.

KYHHIH TYTbIAYbI

Al - KyH MeH >KepAiH apacblHAQ OpHaAacaAbl. ANAbIH KOAEHKECI
XKepaiH 6eTiHe Tyceal. LLlana >xoHe TOAbIK KoneHKkeAep YKepAiH LLaFbiH
OOAIriHe FaHa TyCeA..

ANAbIH TYTbIAYbI

Kep - KYH MeH ANAbIH apacbiHAA OpHaAacaAabl. XKepAiH KOAEHKECI
ANAbIH 6eTiHe Tycin, A TOAbIFbIMeH XKepAiH TOAbIK KOAEHKECIHIH
iLiHAEe BoAaAbI.

KVYHAI YAKEH »apblK KO3i Aen KapacTbipyfa 6oAaabl. BapAblK AeHEeAepAI
chepa aAen KapacTbipcak, KyH eH YAKeH, A eH Kiwi chpepa 6OAaAbI.

"3epTTey YaKbITbiH" KOEMEK peTiHAE KOAAQHCAHbI3 BOAaAbI.

EXAMPLE

e Foint
| light source

- Oliect

K L M N P O

An opaque object is placed in front of a point light source. Show where



the shadow forms.

Solution: Shadow is between M and P.

® Point
- light source
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=
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FACT

LT E—— — w— g

Earth Orbit— ,’
I

k -

The orbits of the Earth and the Moon are in different planes.

RESEARCH TIME




Materials: soccer ball, tennis ball, flashlight.

Procedure: Use materials to model solar eclipse and lunar eclipse (look at
the figure).

Which case does have a penumbra? Why?

LITERACY

1. A football match takes place late in the evening. Each player has four
shadows. Why?

What is light?

Why do objects form shadows? How can you define shadow?

How can light travel in curved lines?

Graphite and diamond have same atoms. Why is one of them
transparent and another is opaque?

g WN



6. When metals are hot, they can produce light. For example, light bulb.
How do you think it works?

ART TIME

Play a “shadow theatre”. Show it to parents, teachers, and friends.

TERMINOLOGY

light - »xapbik / cBeT

shadow - keaeHke / TeHb

umbra - TOAbIK KOAeHKe / MOAHAasA TeHb
illuminate - >xapblKTaHAbIPY / ocBeLllaTb
penumbra - >apTblAa KeAeHKe / MOAYTEHb
opaque - MeAAip eMec / Henpo3payHbIn

transparent - MeAAip / NpPo3paydHbIf



/7.2 REFLECTION

YOU WILL:

o - experimentally determine relationship between the angle of
incidence and the angle of reflection;

e - explain and give examples of regular and diffuse reflection;

e - plot image in plane mirror and list its properties.

QUESTION

The Moon does not produce light, but we can see it. Why?
REFLECTION

Bi3 anHaAaaafbl 3aTTapAbl YXapblKTblH KOMeriMeH KepeMis. XXapbiK
AEHEAEPAIH ©3iHeH LUbIFybl MYMKIH, HeMece LUaFblAYbl MYMKIH. KyH MeH
XKYAABIBAAPAbBIH KOPIiHYi, OAaPAbBIH ©3AEPIHIH YKapblK K&3AepPI H6OAYbIHAH
TYbIHAQWADBI. AA, AN >XoHe BacKa NAAHETaAap ©3AEPI >KapblK,

LUblFapMaca Aa, >XXapblK OAAPAbIH OETIHEH LUAFbIAbIN K&3re KepiHeAl,
Figure 1.



Moon

g # reflected
— Tiephl

Earth

Figure 1

>Kapblk coyAeci arHa 6eTiHe TYCKeHAE, aMHAAAH LWaFbIAbIM, LUAFbIAFAaH
COyAe peTiHAE Kepi KanTaabl. N - aHa XKa3blKTblFblHA NEPNEeHANKYAAP
6aFblITTaAFaH HOPMaAb BEKTOPbI, Figure 2.
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incidence 'reflection
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: reflected
light

light

plane mirror

Figure 2

N MeH TYCKeH CayAe apacblHAAFbl OypbILL TyCy 6ypbillbl Aen aTtaaca, N
MEH LUaFbIAFAH COYAE apacbiHAAFbl OYpPbILL LLAFbIAY OYPbILLbI A€
aTaAaAbl, Figure 2.

YKapblK COYAECIHIH LLAFbIAYbIHbIH BACTbl epeXXeAnepi:

1. Tycy 6ypblLlUbl LLUAFbIAY OYpPbILLbIHA TEH BOAaADI.
2. Tycy coyAeci, WafFblAy coyAeci >xoHe N BeKTOopPbl Bip >Xa3blKTbIKTa
YXaTaAbl.

KenTereH AeHeAep »apblKTbl 9PTYPAI BaFbITTa LLUAFbIAABIPAADI.

AAanpa, arHa >XoHe MeTaAA CeKinail beTi Teric 3aTTapAaH »XapblK Oip
6aFbITTa LUAFbIAAADI.

LLIaFbIAyAbIH OYA TYPIH aMHaAbIK HeMece BafblTTAAFaH LLWAFbIAY Aerl
aTamMmbl3, Figure 3.



Figure 3

KenTereH aeHeAepAiH 6eTi Teric eMec, Kepip-6yAbip ODOAbIMN KEAEA.
MbicaAbl, KaFas, >XanblpakK, KabblpFaAapAblH 6eTTepiH KeATipyre 6oAaabl.
ByHAam 6eTTepAeH Xapblk 9pTYPAI BbaFbiTTa WarbiAaAbl. LLaFbIAyAbIH
OVA TYPI WaLlblpaHKbl HeMece AMDPY3INAABIK LLAFbIAY A€M aTaAdAbl,
Figure 4.



Figure 4

IMAGE FORMATION IN A PLANE MIRROR

A plane mirror forms an image. We can draw the position of this image.
To construct an image we need to draw at least two rays. When we draw

rays, we apply the law of reflection, Figure 5.



object image

K

Figure 5

An image in the plane mirror has the same properties (equal size and
equal distance from a mirror) as an object, Figure 6. However, the image
is left-right reversed.
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ACTIVITY

"Name in the mirror”

Write your name on paper so you can read it in the mirror.

EXAMPLE

A light strikes a plane mirror at an angle of 40° with the normal:
a. Draw a diagram showing the incident ray.

b. What is the angle of reflection?

c. What is the angle between the incident and the reflected rays?
Solution:

a. The incident ray strikes the mirror as in the figure below.

b. The reflected ray makes the same angle as the incident ray.



reflected
ray

c. The angle between the rays is

40° + 40° = 80°




EXAMPLE

mirror

Find the image of the arrow in the mirror.

Solution:



mirror

We need at least two rays from a point to draw its image. We use the
rules of reflection to draw the image. Image is the same size and the
same distance to the mirror as the object.

LITERACY

N

o kW

o N

. Why can you see a reflection in the mirror? Why you cannot see a

reflection in a paper?

What materials do you need to make a mirror? How can you make a
mirror?

Why snow is white?

Why do we use fog (or smoke) to see laser light?

Why does space seems black?

Why do objects have colour? What is colour? How do you see
colours?

How do you understand the words "left-right reversed"?

Draw the reflected rays reflected from the mirrors in the figures.



LN

9. Draw the image of the figures below in the plane mirrors.

d mirror b mirror

% d _ _ mfrrqr _

& mirron

ART TIME

Make theatre play about ‘Mirror’. Show this play to your parents,
teachers and friends.

TERMINOLOGY

to reflect - warbIAy / oTpaXkaTbcs
incident ray - 6acTankbl TYCKEH cayAe / napatoLLMm Ay
smooth - Teric / rnapkuin

rough - KUCbIK, KbIPAbl / LUepLUaBbIv



7.5 CONCAVE MIRROR

YOU WILL:

e - draw a ray diagram of the image for spherical mirrors and list the
properties of the image.

QUESTION

What is happening in the figure below?

CONCAVE MIRROR

OWnbIC aHAAAQP KOAIK LULAMAAPbIHAG, MAKUSXX aNHAAAPbIHAA YXXOHE KYH
newTepiHAE KOAAAHbIAaAbI, Figure 2.



Figure Z

[NapaAAenb CoyAeAep OMbIC aHa BeTiHeH LWafFblAbIM, Bip HYKTeAe
KMbIAbICaAbl. BYA HYKTe arvHaHblH OKYCbl Aen aTaAdaAbl. POKYC HYKTECI
F aen 6enrineHeai, Figure 1. ChepanblK 6eTTiH LeHTPI MeH anHaHbIH
POKYC HYKTECI apacbiHAAFbI KALWbIKTbIK aHaHblH $OKYC KalUbIKTbIfbl
Aen atanapbl. CypeTtTte C »oHe P HYKTeAepi apaAblfbl GOKYC
KaLUbIKTbIFbIHbIH €Ki ececi 60AbIN TabblAaAbI.



Figure 1
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Figure 1

OWnbIC anHara KaparaH Ke3Ae 63iHI3AI TOHKEPIATeH >XoHe KiLlipenreH,
HeMece YAKEH >XaHe Typa eTin KepYyiHi3 MyMKiH. BYA KyObIAbICTbI TYCIHY
VLIH OMbIC aHafFa apHAAFaH COYAEAEPAl KapacTblpanblK.

OwnbIC anHaAa KeCKIH aAy VLWIH CoyAeHIiH 4 Typi KOAAAHbIAaAbI, Figure 3.



A light ray travelling
parallel to the principal
axis Is reflected back
through F.

principal ¢ _—F
axis

Figure 3



A light ray passing through
the centre(C) is reflected

back again through the
point C.

Figure 3



A light ray passing through
F is reflected back parallel
to the principal axis.

Figure 3



The angle of incidence of
the light striking the pole

s equal to the angle of
reflection.

Figure 3

KecCKiHAI CaAy YLLUIH, Ke3 KeAreH 2 coyAeHi TaHpaanMbi3. OA ywiH Example
1,2,3 apacblHaH 1>xoHe 3 HOMIPIHAETT CoyAenepAl anyFa 6onaabl. Ocbl
LLUAFbIAFAH COYAEAEPAIH KUbIAbICY HYKTECI AEHEHIH KECKIHIH aHbIKTanAbl.

Cay/\e/\epAiH OCbl MbICAaAAQPAAFbl KECKIHAEPIH LLUbIH KECKIH A€M aTanMbI3
(KeCKIiHAEP LLUaFbIAFAH COYAAEPAIH KMbIAbICYbIHAH Mamaa 60AaAbl).
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image

Example Z
q.8960
b. the same size as the
object
c. real

d. inverted




Example 3

a. between Cand F

b. larger than the object
[magpnified]

c. real

d. Inverted

Sometimes we can use Special ray 1and 2 as shown in example 4 and 5.



Example 4



Example 5

The image of this object is at infinity because reflected rays are parallel.
This property is used in headlights.

In this example reflected rays never intersect. That is why we imagine
that they start at an imaginary point. Since the reflected rays do not
intersect, we call this image as virtual image.



Imaginary point

object | ilfmage

Me
M

a. behind the mirror

b. larger than the object (magnified) c. virtual

d. upright (erect)

EXAMPLE

object




An object is 20 cm away from a concave mirror. Its focal length is 15 cm.
a. Draw the position of the object.
b. What properties does the image have?

Solution:

When we draw two special light rays (for example 1and 3) and their
reflection we obtain the image.

It is real, magnified, and inverted.

FACT




Doctors use a frontal reflector to look inside of throat and ears. The
frontal reflector is a concave mirror that reflects light in the throat and
ears.

RESEARCH TIME

Concave mirror



Materials: aluminium foil, a plastic bottle, scissors, glue.

Procedure: Use materials to make a concave mirror. Shine light on your
mirrors. Observe results.

LITERACY

1. Why do you appear to be same in plane mirror? How do rays travel
from plane mirror to your eyes?

2. Why do we use concave mirrors for makeup or shaving? How do
rays travel from concave mirror to your eyes?

3. A concave mirror has the focal length of 20 cm. The distance
between the object and mirror is 10 cm. Draw a ray diagram of the
mirror, the object and the image. Use the ray diagram to measure



the distance between the mirror, and the image.

Why do we use concave mirrors in car headlights or flashlights?

A legend says that Archimedes used mirrors to burn big ships of the

enemies. How could Archimedes do that?

6. A concave mirror has the focal length of 20 cm. The distance
between the object and the mirror is 50 cm. Draw a ray diagram of
the mirror, the object, and the image. Use the ray diagram to
measure the distance between the mirror and the image.

ART TIME

o1 A

Write down an alphabet that you can read in the mirror. Use this
alphabet to write a short story. Show your story to parents, teachers,
and friends.

TERMINOLOGY

concave - ombIC / BOrHYTbIN
focus - dokyc / pokyc

inverted - ToHKepiAreH / nepeBepHyTbIN



7.4 CONVEX MIRROR

YOU WILL:

e - draw a ray diagram of the image for spherical mirrors and list
properties of the image.

QUESTION

Why do objects seem to be smaller in a car side view mirror?

CONVEX MIRROR

Figure 1 -Ae KepceTIAreH anHa TYPAepi A6Hec anHaAap AeN aTaAaAbl.
OcCbIHAQW aMHAAAP KOAIKTEPAE YXXOHE XXOA aHAAAPbIHAQ KOAAAHbBIAAADI.



Figure 1

OnNTUKaAbIK OCbKe NMapaAAeAb baFbITTAAFAH COYAEAEP AOHEC aMHAAAH
JPTYPAI BaFbITTa Kepi LWaFblAaabl, Figure 2. BYA LUAaFbIAFAH COYAEAEPAI
aHa apTblHA MHTEPMOAALMA XXAacanTbliH ODOACAK, BapAbIFbl Aa Bip
HYKTeAae Tyniceai. OCbl HYKTE ABHEC aMHaHblH POKYC HYKTECI Aen



aTaAaAbl.

Figure 2

Figure 2

A6HecC anHara KapafaH Ke3Ae 63iHi3AI 9pAANbIM KILLIPENTIAIEH >XXaHe
TYypa TYPAE Kepeci3. BYA KyObIAbICTbl TYCiHY VLUIH apHabl COYAEAEPAI
KapacTblpanblK.

OHAQM COyAEAEepPAIH ABHEC alHa YLIH TepT Typi bap:



A ray parallel to the principal axis is
reflected back so that its extension
passes through F.

When light aims at point F, after
reflection it goes parallel to the
principal axis.

=13
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When light aims at point C, after
reflection it goes back over itself.

When light falls on the centre of the
mirror, It goes under the same angle.

N
/

IMAGE FORMATION BY A CONVEX MIRROR

e
™

We can use any 2 special rays, to draw the image in a convex mirror.



There is only one type of image. It has these properties:

e a. always between F and P
e b. smaller than the object
e C. virtual

e d. upright

IT-LINK

Use Youtube. Search “Mirror anamorphosis”. Can you draw it?

FACT




We place convex mirrors on narrow streets to prevent accidents.

EXAMPLE




parallel 2

T e
oL

Four light rays are directed towards a convex mirror as shown in the
figure. Draw their paths after reflection from the mirror.

Solution:

Using the rules for special light rays we can draw the reflected rays as
follows.



ACTIVITY

A small pencil stands upright in front of a convex mirror. How does its
image change when you move pencil closer? Does it get bigger or
smaller? Draw a diagram that shows image formation.

LITERACY

o WN

o

Why do you appear smaller in a convex mirror? How do rays travel
from convex mirror to your eyes?

Why do we use convex mirrors in shops (safety mirrors)?

Why do cars use convex mirrors in side view mirrors?

Which side view mirror is better, convex or plane? Why?

How can you draw fields of view of the plane mirror, concave mirror,
and convex mirror?

A convex mirror has the focal length of 20 cm. the distance between
the object and mirror is 10 cm. Draw a ray diagram of the mirror, the
object, and the image. Use the ray diagram to measure the distance
between the mirror and the image.

A convex mirror has the focal length of 20 cm. The distance between
the object and the mirror is 50 cm. Draw a ray diagram of the mirror,



the object, and the image. Use the ray diagram to measure the
distance between the mirror and the image.

ART TIME

Perform a theatre play about the dialogue between “plane mirror,
concave mirror, and convex mirror”. What can they talk about? Show it
to parents, teachers, and friends.

TERMINOLOGY

convex - AeHec / BbIMYKAbIM

extension - >XaAFachbl, YAFalo / MPOAOAXKEHME, pacLuMpeHmne



7.5 REFRACTION

YOU WILL:

e - apply the law of refraction for problem solving
e - draw a ray diagram in rectangular prism.

QUESTION

Why do objects in water seem to be bigger?

REFRACTION

>KapblK CoyAeci 6ip opTaAaH eKiHLUI opTaFa eTKeHAe, bacTankbl
OarblTbiH ©3repTeai. BYA »XapblKTblH CbIHY KYObIAbICbI A€M aTaAaAbl.
Figure 1 KepceTiAreH KapblHAAQLL €Ki OpTaAa TYp: cy >koHe aya. CoA
cebenTeH A€ OA CbIHbIK KOpiHeA,.



Figure 1

YKapbIKTbIH CbIHY KYObIAbICbI XXapblKTblH Oip OpTasaH eKiHLWi opTafa
OTKEHAE XbIAAAMADBIFbIHbIH ©3repyiMeH TYCIHAIPIAGAI.

MbiCaAbl, XXapblK XXbIAAAMADIFbI:
aya >aHe BakyyMaa 300 000 kMm/c,
WbiHblAa 200 000 kM/c,

cyaa 225 000 kM/c-ke TeH.

>KapblKTbIH CblHYbIHA YKCAac OOAbIN KEAETIH 6bacKa Aa KYObIAbIC -
KOAIKTIH MY3Abl YXXOAFa Tycyi, Figure 2.



Figure 2

In this topic, we will use n - index of refraction (ratio of speeds).

c - speed of light in vacuum
v - speed of light in a medium

For example,



S 300 000 km/s
glass 200 000 km/s

~_ 300000 km/s
water = 225 000 km/s

=1.9

=~ 1.3

We need an index of refraction to find the path of light rays in different
mediums. To do it, we use the law of refraction.

n. X Sin [ = n2><sinr

i
i
I
I
]
i
I
I
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I
I




i - angle of incidence
r - angle of refraction
N, - index of refraction of first medium

N, - index of refraction of second medium

EXAMPLE

N

glass



- R o R R R

glass

i
1
1
]
]

Which path do the light rays follow? Sketch them on the figures. Glass is
optically denser than water.

Solution:

Using the laws of refraction, we can draw the path of the rays.






Notice that light bends away from the normal when it passes from glass into water.

FACT
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Earth . actually here

Because of atmospheric refraction, when the Sun is near the horizon, it
appears to be higher in the sky.

ACTIVTIY

Glass Block



incident
light

Z

A E T TR Y

In this activity you will:

a) apply the law of refraction

b) draw the path of the ray through the glass block

c) use different angles of incidence

Task 1

a. Choose the angle of incidence.

b. Use the law of refraction to find how ray passes through the block.
c. Draw the glass block and paths of an incident and refracted rays.
Task 2.

What happens, when you increase your angle of incidence by 10°, 20°,
30°? Draw another picture of the glass block and paths of rays; use a
protractor.

Task 3.

Look at your first picture. Imagine there is no block. How does the ray
travel in this case? What is the difference?



RESEARCH TIME

a) Place the coin into the cup.

b) Move your head until you do not see the coin (figure a).



keep your

head still

Do not move the head and fill the cup with water (figure b). Do you see
the coin now? Why?

LITERACY

B W

. You are looking at the fish in water. Can you draw a light ray from the

fish to your eye?

Rainbow forms because of refraction. What mediums do cause this
refraction? How can you draw this refraction?

Why does the rainbow have all colours?

You send a laser ray into the water. The angle of the incidence in the
air is 60°. What is the angle of refraction in water? Index of refraction
of water is 1.33. Index of refraction of air is 1.

Following the path of the light rays, name the mediums in the



figures.

1

air, glass



ailr, water



glass, water

ART TIME

Perform dance about “refraction”. What moves can you use? Show
dance to parents, teachers, and friends.

TERMINOLOGY

refraction - cbiHY / MpeAOMAeHMne
medium - opTa / cpeaa

index of refraction - cbiHY KO3dPULMEHTI / KoOadbdUUMEHT
MPEeAOMAEHUA



7.6 TOTAL INTERNAL
REFLECTION

YOU WILL:

e - explain total internal reflection using experiment.

QUESTION







Why do people use endoscopes? How does an endoscope work?

What materials are used to make the endoscope?

TOTAL INTERNAL REFLECTION

Sometimes a light cannot pass from the medium with higher index of
refraction into the medium with lower index of refraction. Instead, it
travels along the surface. When the angle of refraction is 90°, the angle
of the incidence is called the critical angle, ray 3 in the figure below.

b |

air
(optically
less dense)

-

glass
(optically
denser)




If the angle is greater than the critical angle, the light cannot pass
through the other medium. The light ray reflects back (ray 4). This
phenomenon is called total internal reflection.

Total internal reflection can be observed in glass prisms. The light ray in
the glass prism cannot go into the air. The angle of the incidence of ray is
45°, This angle is greater than the critical angle for glass (42°). As a
result, total internal reflection is observed. The ray changes direction by

90°, Figure 1.



Figure 1

OPTICAL FIBRE

ONTUKaAbIK TAALUBbIKTAP TOAbIK ILLUKI LLUAFbIAY apKbIAbl XXapblK (CoyAe)
TacbiManAanAbl. OCblHAAN KabeAbAep >KOFapbl XXbIAAAMABIKTbI
MHTEPHEeT VLUIH KOAA@HbBIAAADI. Figure 2-Ae Kbi3blIA COYAEHIH iLUTeH
LLAFbIAY MbICaAbl KOPCETIAMEeH.



Figure 2



Optical fibre cables are used in high-speed Internet cables. Optical fibre
cables can transfer thousands times more information than copper
cables.

EXAMPLE

Draw the paths of the light rays incident on the prisms.

1.




Solution:

1. Ray strikes the second surface with an incident angle of 30°. It is
smaller than 42°, so ray passes into the air.



2. Ray strikes the surface with an angle of incidence of 30°. The ray
passes into air bending away from the normal, towards the base of the
prism.



RESEARCH TIME

Area of use of optical Why and how are
_ fibers | optical fibers used?
| Communication |
| Temperature sensors |
| Medicine
|Lasers

Who does use them?

Fill this table

RESEARCH TIME

Materials: Laser pointer, Plastic bottle, Water, Scissors, Small bathtub,



Dark room.

~ Bottle with water

Laser

ointer
P Hole Water

Procedure: Make a setup as on the picture. Direct laser ray into the hole.
Look at the stream. What can you see? Why does it happen?

RESEARCH TIME

Point a laser to the glass. Why is the laser ray reflected even if the glass
is transparent?

FACT




(  eyepiece
[~ lens

DI:-_;'ECHU;’:\

lens

Binoculars have converging lenses and prisms. Prisms use total internal
reflection to turn the inverted image upright.

LITERACY

1. You send a laser ray from water. Angle of incidence in the water is
60°. Draw the ray diagram of laser, water, air. Index of refraction of
water is 1.33. Index of refraction of air is 1.

Why are diamonds very bright? Why is glass not bright?

Water has no colour, water is transparent. Why do “light fountains”
have colour?

W N



4. In the figure, you can see laser and glass prism. Determine the angle
between the incident ray and the refracted ray. Also determine the
angle of incidence. Is angle of incidence greater than critical angle for
glass? Use a protractor.

ART TIME

Imagine yourself as a signal that travels in an optical internet cable.
Imagine feelings and thoughts of this signal. Write a short story about
this signal and read it to parents, teachers, and friends.

TERMINOLOGY

endoscope - 3HAOCKOM / 3SHAOCKONM

critical angle - KpUTUKaAbIK BYPbIL / KOUTUYECKUIN YIOA






7.7 CONVERGING LENS

YOU WILL:

e - apply the formula of a thin lens for problem solving;

e - apply the formula of a magnification of lens for problem solving;

e - draw a ray diagram of the image in a thin lens and list properties of
the image.

QUESTION

Why does the boy's eye seem bigger?

CONVERGING LENS

A converging lens is thicker at the centre. Converging lenses collect rays
which are parallel to the principal axis in one point. This point is called a
focal point. A distance between the lens and the focal point is called
focal length. Symbol “F” denotes the focal length.



Yy

principal
axis

——
=

-~ f o)

.,ﬁ:u:af length

There are three special rays for converging lenses. We use them to draw
an image. You can see them below.

Specialray 1



Specialray 2

Specialray 3

IMAGE FORMATION BY A CONVERGING LENS

BipiHLWI >Xaraanpa AeHe AMH3aAaH aAbIiC OpHaTblAaAbl, Figure 1. AeHeHiH
VLLIbIHAH AMH3aFa Kapaw eKi coyAe >ibepeMis. BipiHLWiCi YXa3bIKTbIKKa
MNapaAAEAb, aA eKiHLICI AMH3aHbIH OpTacbliHaH eTeAl. CoyAeAepAiH
KMbIAbICKAH >Xepi KeCKiHHIH 6acbl 60AbIN TabblAaabl. Special ray 1>kaHe
Special ray 2 cypeTTepiH KapaHbl3.



1\\\F oF
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Figure 1

EKiHLII XXarAanAa A€He AMH3ara »XaKblH OpHaTbliAaAbl, Figure 2.

OO6DbeKTIHIH YLLUbIHAH AMH3aFa Kapaw eKi coyAe >xibepeMis. BipiHLwici
»Xa3blKTbIKKa MapaAAeAb, Special ray 1, aA eKiHLWICi AMH3aHbIH,
opTacbiHAH ©TeAl, Special ray 3. HoTu>keciHAE, COyAEAepPAIiH
KWbIAbICMaFaHblH 6anKancbl3. OCbIHAAN >XaFfAAWMAQ KECKIH CbIHFaH
COYAEAEPAIH XXOPAaMaA >XaAFaCyAapPAblH KMbIAbICYbl apPKblAbl aAbIHaADI.
KecKiH YAKENTIATEH XXaHe XopaMaA BOAAADI.

image
2F F |

Figure 2



The image here is bigger (not smaller), upright (not inverted), virtual
(not real). The image is virtual because rays do not intersect.

THE FORMULA OF THE LENS

T

F d

F: focal length of a lens (meters)

b
f

d: distance between the lens and the object (meters)
f: distance between the lens and the image (meters)
The distance d is always positive. However, the distance f can be both

negative and positive. If the image is real, then f is positive. If the image
is virtual, then f is negative.

MAGNIFICATION OF IMAGE

The converging lens produces an image that can be bigger or smaller
than an object. Magnification shows how many times the image is
greater or smaller than the object.

-f _H
d h

M

M: magnification of the lens



d: distance between the lens and the object (meters)
f. distance between the lens and the image (meters)
h: height of the object (meters)

H: height of the image (meters)

If M < O, the image is inverted.

If M > O, the image is upright.

EXAMPLE

An object is at a distance of 0.2 m from the converging lens. The focal
length of the lens is 0.1 m.

a. Where is the image? Draw the image and find the distance of the
image. Use a ruler.

b. Determine magnification. Use the ruler.
c. List the image properties.

Solution:;



| F 2F
OF F
—
Y
111 11, |
8. FEETY oz ty To0Am;

h -f -0.2

. M= M=—=-
d 0.2

c. The image is real, inverted, and has the same size as the object.

FACT
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A microscope uses two converging lenses. Microscope makes bigger
images of small objects, Figure.

RESEARCH TIME

Materials: A small box, tracing paper, tape, nail, converging lens.



Procedure: Make a hole in the box with a nail, as shown in the Figure.
Cover one end of the box with the tracing paper. Now make an image of
something, as shown in the Figure.

LITERACY

1. Why is the image magnified in a converging lens? How do rays travel
through the converging lens to your eyes?

2. At what distance should the magnifying glass be placed so you can
see words twice bigger? The magnifying glass has a focal length of
25 cm.

3. How can you make a telescope with two converging lenses? How do
rays travel in this telescope? Draw a ray diagram of the telescope.

4. The distance between the lens and the object is 8 cm. The focal
length of the lens is 20 cm. Draw image of the object. List its
properties. Determine magnification.



object

ART TIME

Change smartphone to a microscope. What materials can you use? What
magnifications can you achieve? Make a microscope from a smartphone
and show to parents, teachers, and friends.

TERMINOLOGY

converging lens - >XxuHaFrbIL AMH3a / cobuparoLLada AMH3a
telescope - Teneckon / Teneckon

magnification - yaAFanTy / yBeAn4yeHue



7.8 DIVERGING LENS

YOU WILL:

e - apply the formula of a thin lens for problem solving;
e - draw a ray diagram of the image in a thin lens and list properties of
the image.

QUESTION

Why do objects seem smaller in eyeglasses?
DIVERGING LENS

LLlawbipaTKbIL AMH3aHbIH OPTAacCh! LUeTTePIHE KapaFaHAA >XIHILLKe
KeneAi. [NapanAenb >KibepiAreH CoyAeAep AMH3aAAH ©TKeHAe bip
HYKTEAEH LUalbipaFraHAaM 60AbIN KepiHeal. OCbl HYKTE LUALLUbIPATKbILL
AVH3aHbIH ®OKYCbl 60AbIN TabblAaabl. POKYC NEeH AMH3aHbIH OPTAacbliHa
AENIHI KalbIKTbIK POKYCTbIK KalUublKTbIK (F) Aen aTaAaabl, Figure 1.



Figure 1

e

Fro F

-—f—~

Y

focal length

Figure 1

KeckiH OpHaTy VLIiH YL apHanbl CoyAe KoApaHaMbI3. OAapabl Special
ray 1,2,3 cypeTTepiHAE Kepe aAacChbi3.



Specialray 1

Specialray 2




Special ray 3

IMAGE FORMATION BY A DIVERGING LENS

To form the image, we send two rays from the head of the arrow. The
first ray is parallel to the principal axis (use Special ray 1). The second ray
goes through centre of the lens (use Special ray 2). Rays do not
intersect.

That is why we use extensions of rays. The intersection of extensions of
rays is the head of the image, Figure 2.



object

F"..fmage P

Figure 2

The image here is smaller (not bigger), upright (not inverted), virtual
(not real). The image is virtual because rays do not intersect.

FORMULA OF LENS

1 T

Fd f

F: focal length of a lens (meters). The focal length of a diverging lens is
ALWAYS negative (minus).

d: distance between the lens and the object (meters)
f: distance between the lens and the image (meters)

The formula for the diverging lens contains negative f. It is because this



lens always produces a virtual image.
MAGNIFICATION OF IMAGE

For magnification, we can use the formula from the previous topic.

However, a diverging lens always produces the image smaller than the
object.

FACT




light rays
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The tops of the waves are converging lenses. They collect light. That’s
why we see shiny and dark regions in the water.

EXAMPLE




Draw the correct paths of the rays.

Solution: Use special rays 1, 2 and 3.



EXAMPLE

An object is 0.2 m away from a diverging lens. Focal length is -0.1 m.
a. Draw lens, object, and image. Determine the distance of image.

b. Determine magnification.

c. List image properties.

Solution:

Using the special rays, we sketch the diagram as in the figure.



& lF = %+ %: _%257%; f=-0.067m=-6.7 m;
b. Mz_—f; - —(-0.067) —0.33=33 %;
d 0.2

c. Virtual, upright, diminished.

RESEARCH TIME

Material: laser pointer, eyeglasses

Procedure: Mark a point on the paper. Direct the laser towards the point.
Put the lens of the eyeglasses on the way of the laser. What happens to
the laser point on the paper?

Determine if the lens is divergent or convergent.

LITERACY

1. Why is the image small in the diverging lens? How do rays travel
through diverging lenses to your eyes?
2. At what distance is the diverging lens placed, if you see words twice



smaller than they are? The diverging lens has a focal length of -20
cm.

3. Why do near-sighted people use diverging lenses in glasses? Why do
people become near-sighted?

4. Draw an image of any object. Determine image distance and
magnification. List its properties. Focal length is -25 cm. The object is
at 30 cm from the diverging lens.

TERMINOLOGY

diverging lens - walblpaTKbILL AMH3a / paccemBatoLLlasa AMH3a

intersection point - KMbIAbICY HYKTECi / TOUKa nepeceyeHud



7.9 HUMAN EYE AND OPTICAL
DEVICES

YOU WILL:

e - describe the correction of myopia and hyperopia.

QUESTION







Why do people have laser eye surgeries?
HUMAN EYE

A human eye has two lenses.



Figure 1

1. Cornea (Part M in the figure)
2. Lens (Part O in the figure)

These two lenses collect light on the retina (part K in the figure). Retina
has cells that change the light (photons) into the electric current. This
current travels to the brain by an optic nerve (part L in Figure 1).

NORMAL VISION AND EYE DEFECTS

Clear image

Normal vision

Figure Z



Cay Ke3Ae KecKiH TopAaMaAa OpHaAacaabl, Figure 2.
MYOPIA (NEARSIGHTED EYE)

Munonunsa (aAbICTaH KepMeyLUIAIK, XXaKblHHAH Kepriwl Ke3) AHblIK KeCKIH
TOPpAaAMara XeTnenm KaAbinTacaabl, Figure 3 a. COHAbIKTaH TOPAaMaHbIH
©3IHAE KeCKiH aHblK 6oAManabl. OCblIHAAM KEMLUIAIT Bap apaMAaP
YXaKblIHAbI >XaKCbl KOPIr, aAbICTbl aHbIK K&pe aAManAbl.

Myopia

blurred image

Figure 3

HYPEROPIA (FARSIGHTED EYE)

Mneponuna (OKakblHHAH KO&PMEYLUIAIK, aAbICTaH Keprill Ke3) AHbIK KeCKiH
TOPAAMaHbIH apTblIHAA KaAblinTacaabl, Figure 3 b. CoHaAbIKTaH
TOPAAMAHbIH ©63iHAE KeCKiH aHblK 6oAManabl. OCblIHAANM KEMLLUIAITI Bap
aAAMAAQP AAbICTbI >XaKCbl Kepir, >XaKblHAbI aHbIK Kepe aAManAbl.



Hyperopia

blurred image

Figure 3

FACT

How to care for your eyes

e - Do not look at the Sun

e - Do not use screens (smartphones, tablets, laptops, computers, TV)
for a long time

e - Check your eyes regularly

e - Do not use alcohol, drugs, and cigarettes

- Sleep well

ACTIVITY

Optical devices












Fill the table.

Why, where, who | Components that this device may
Optical Device does use this use [rmirrors, lenses, prnsms,
levice? _ optical fibers]?

Doctar's haad mirror

Flashlighl

Side view mirrar

Endoscope

Henscope
| Binacutars

Microscope

Magn fying glass

Eyeglasses

Photo camera

Telescope

Projector

Car headlight

DISCUSSION

Lens [diverging or Why? Explain your

Defect ;
converging) : answers.

;Myopia
| Hyperopia

We use glasses for near-sighted and farsighted people. What lenses do
we use for near-sighted people and farsighted people? Write your
answers in the table. Use figure 3 for help.

RESEARCH TIME

Telescope



Telescope

| .
-. .
W

Roll the cardboard around the lens

<8
fat thin
lens lens

Slide the tubes backwards and forwards to obtain a
magnified image

Use glue to fix the lens to the tube. Make another tube with the other
lens. Insert the tube with the fat lens into the tube with the thin lens.

LITERACY

1. Why do people do LASIK (laser eye surgery)? How does LASIK
(laser eye surgery) work?

2. Why do people become near-sighted, farsighted or astigmatic?
What can you do to save eyesight?

3. Why do you have a lens in your eye? How does this lens work? What
is the material of eye lens?

4. Why do people wear glasses? Are contact lenses better than
glasses? Why?

5. Why do we use pinhole camera? How does pinhole camera work? Is
pinhole camera similar to the human eye?



6. Why do we use periscopes, binoculars, microscopes, telescopes?
How do they work?

ART TIME

Make models of a near-sighted, farsighted and normal eye. What is the
difference between them? Make models and show them to parents,
teachers and friends.

TERMINOLOGY

retina - TOPAbl KabblK / ceTyaTKa
Myopia - aAbICTaH KepMeVLLUiAIK / BAN3OPYKOCTb

hyperopia - »akblHHaH KepMeyLUiAiK / AAAbHO30PKOCTb



LABWORK 10

TITLE:

Index of refraction

OBJECTIVES:

To determine the index of the refraction of the glass.

MATERIALS LIST:

1. glass prism
2. laser (or light source)
3. graphing paper
4. ruler
5. protractor
6. scientific calculator

[ '

xﬁx/
SAFETY:
1. Use a hot mitt to handle resistors, light sources, and other equipment
that may be hot.

2. Allow all equipment to cool before storing it.
3. Never put broken glass or ceramics in a regular waste container. Use

a dustpan, brush, and heavy gloves to carefully pick up broken
pieces, and dispose of them in a container specifically provided for



this purpose.

4. Avoid looking directly at a light source.
5. Looking directly at a light source may cause permanent eye damage.

Always wear eye protection during this exercise.

THEORY:

NN =

N O ok

Why does ray change direction in prism?
Why does light travel slower in glass than in air?

. Why do we use glass in optical devices? Why don’t we use other

materials?

How do we determine the index of refraction?
What is the index of refraction of air?

What is the index of refraction of glass?

Why do we use the Snell’s law of refraction?

pieligglel
(90 1o Surface)

incident Beam

Refracted Beam

rRefraction of ight



PROCEDURE:

Put a prism on the graphing paper. Draw an outline of the prism.
Direct the ray to prism. Mark two points on the ray.

Mark a point at which the ray enters the prism.

Mark a point at which the ray exits the prism.

Remove the prism from the graphing paper.

Use the points to draw the incident ray and the refracted ray.

Use a protractor to measure the angle of the incidence and the angle
of the refraction.

Use the law of refraction to determine the index of refraction of the
glass.

NOUAWN -

o

Angle of incidence (degrees)
Angle of refraction (degrees)

sin i
SIN T

Index of refraction of air
Index of refraction of glass

ANALYSIS:

Index of refraction of glass =

CONCLUSIONS:

1. Why is your index of refraction of the glass more than (or less than,
or same as) value in the book?
2. How can you use prisms in new ways?



LABWORK 11

TITLE:

Optical power of lens

OBJECTIVES:

To determine focal length of lens.

MATERIALS LIST:

lens
laser (or light source)
ruler

graphing paper

AWN

>
.

SAFETY:

1. Use a hot mitt to handle resistors, light sources, and other equipment
that may be hot. Allow all equipment to cool before storing it.

2. Never put broken glass or ceramics in a regular waste container. Use
a dustpan, brush, and heavy gloves to carefully pick up broken
pieces, and dispose of them in a container specifically provided for
this purpose.

3. Avoid looking directly at a light source. Looking directly at a light
source may cause permanent eye damage. Always wear eye
protection during this exercise.



THEORY:

1. Why do we use lenses? How can you make lenses? What materials

can you use to make lenses?

What is the difference between converging and diverging lenses?

How can you determine focal length of the lens? What is the focal

length of the lens?

4. How can you determine optical power of the lens? What is the
optical power of the lens?

NN
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PROCEDURE:

Put the lens on the graphing paper.

Draw the outline of the lens.

Draw the principal axis of the lens on the graphing paper.

Direct the ray to the lens parallel to the principal axis.

Mark two dots on the incident ray and two dots on the refracted ray.
Remove the laser (light source) and the lens.

Use dots to draw the incident ray and the refracted ray.

Change the position of the laser (light source).

Repeat steps 4-5-6-7.

10. Mark the point at which two incident rays and principal axis intersect.
11. Measure the focal length of the lens.

12. Calculate the optical power of the lens.

OONOUHAWN

ANALYSIS:

Focal length (meters)

Optical power (diopter)

CONCLUSIONS:

1. How does the focal length of the lens depend on the shape of the
lens?
2. How can you use lenses in new ways?



SUMMARY

e Lightis a type of energy. Light travels in a straight line.
e \When you put an opaqgue object in the path of light, a dark region

(shadow) called umbra forms on the screen.

e Penumbra is a region with half shadow.
e \We see objects because they produce or reflect light.
e Atoms of mirror absorb the incident light and emit the reflected light.

“N” is normal (perpendicular) line to mirror.

The angle between “N” and the incident ray is called the angle of
incidence. The angle between “N” and the reflected ray is called the
angle of reflection.

There are two rules for the reflection of light:

—
-

The angle of incidence is equal to the angle of the reflection.
The incident ray, the reflected ray and the normal are all in the same
plane.

To construct an image you need to send at least two rays. When we
draw rays, we apply the law of reflection.

Concave mirror reflects all parallel rays to one point. This point is
called a focal point.

Parallel light rays travel in different directions after reflection from
the convex mirror. Extensions of these reflected rays appear to come
from one point. This point is the focal point of the convex mirror.
When the light passes from one medium into another, it changes
direction. This is called refraction of light.

We need an index of refraction to find the path of light rays in
mediums. To do it, we use the law of refraction.

N, X SIN 1 =, X SIN T

If the light is incident at an angle greater than the critical angle, the
light cannot pass into the other medium and is reflected back. This is
called a total internal reflection.

A converging lens is thick at the centre. Converging lenses collect



parallel rays in one point. This point is called a focal point.

e Formula of the lens
[ ]

[==—x
— N I ————————
e | ens can make the image of an object bigger or smaller.

Magnification shows how much an image is bigger or smaller than
the object.



e A diverging lens is thin at the centre. Parallel rays appear to come
from a point behind the diverging lens. This point is called a focal
point.

A human eye has two lenses.

1. Cornea
2. Lens

e Myopia (Near-sighted eye): Clear image forms in front of retina.
e Hyperopia (Farsighted eye): Image forms at the back of retina.



PROBLEMS

LIGHT AND SHADOW

1. Draw the shadow of each ball.

screen A screen B
point
: light y
ball Bhiisig ball
3 I m B I m &5 2 m 2o Im

a) Which shadow is greater?
b) What can you do to make shadows same?
c) Screen B moves to the right. How does the shadow change?

2. Where is umbra and penumbra on the screen?



point light
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REFLECTION OF LIGHT

3. How many mirrors do you need to place in tubes to see the ball?

LM
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K

4. Height of a man is 170 cm. His eyes are 160 cm above the floor. He
looks at the mirror.



a) What should the height of the mirror be so the man can see his feet?

b) What should the height of the mirror be so he can see himself
completely?

5. Which points can an eye see in the mirror?



b)

plane mirro
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6. What is the time in the mirror?



| mirror



b)

mirror

7. What are the angle of incidence and the angle of reflection?



/70°

SPHERICAL MIRRORS

8. Find an image of point K by drawing. Find an image of point L by
drawing. Then connect them. Do it for 2 mirrors.



"
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concave mirror
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convex mirror

9. Draw images of objects K, L, M in concave mirror.



10. Calculate how many kilometres the light travels in space:
a. in a day

b. in a week

C. in @ month

11. In the figure below, which points on the screen are

screen —S
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>
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light sources
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a. illuminated?
b. in the umbra?
c. in the penumbra?

12. The nearest star called Alpha Centauri is 4.2 light years away from us.
Calculate how far it is from the Earth in metres.

13. The figures below show rays of light entering and leaving the optical
boxes. Each box contains two plane mirrors. Show how they are placed.

|

optical optical optical
box box box

e

14. A boy stands 10 m in front of a plane mirror, then he moves 3 m
towards the mirror. How many metres does his image move towards
him?

15. Draw is the image of the arrow in a plane mirror.

16. What is the image of the number in the mirror?



mirror

17. A bottle stands 1.5 m in front of a concave mirror which has a 50 cm
focal length.

a. Write down the properties of the image.

b. Where should it be placed in order to obtain a magnified image?

18. Draw images of the objects in the figures below.









19. What is the path of the ray reflected from the mirror?

20. What is the path of the ray reflected from the mirror?



21. Which one of the rays given in the figure follows a path parallel to the
principal axis after reflection?




22. Complete the path of each light ray given below.

.p.a.l.-.l.-q.-.l..l.-.-..l.q.._.l.-
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i water
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23. Complete the paths of the rays shown in the figures.

a. water

—-—----E-
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24. An object is 50 cm beyond a convex lens which has a focal length of
20 cm.

a. Where does the image form?
b. List its properties.

c. Where should the object be placed in order to obtain a magnified
image?

25. Complete the path of each ray in the following figures. (Mirror’s and
lens’ principal focuses cross at the same point.)



a. concave
mirror

/\

~ [ [

26. The boxes below include only one type of lens; either converging or
diverging. Decide which box includes which lens.



b. P
=
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27. Which of the following combination of prisms is similar to a diverging
lens?



A)

\

\

28. In which of the figures below is the path of the ray incorrect?

29. Which rays are drawn wrong?

glass
air







PHYSICS IN LIFE

1. These antennas have concave shape. Why?

2. If Proxima Centauri (star) disappears, we will know about it after 4.2
years. Why?

3. Endoscopes use special materials that can “transport” light. Why?



4. Fish is deeper than it looks. Why?

5. Car’s dashboard is not smooth. Why?



6. Why do we use such mirrors?

7. We see sunset for several minutes after the Sun disappears. Why?






GLOSSARY

A

AMNep - aAeKTp TOK KywiHiH CW >xymeciHaeri eALleM BipAiri.

ABCOAIOTTIK HOA = MOAEKYAAAAPAbBIH YXbIAYAbIK KO3FaAbICTapbl TYreAAew
TOKTaFaH Ke3iHAEeri eH TeMeH LLUeKTi TeMnepaTypa.

ABCOAIOTTIK TeMnepaTypa - KeAbBUMH LLIKAAACbl bOMbIHLLA TeMnepaTypa.
ArperaTtTbiK Kyn - Bip 3aTTbIH 9P TYPAI Ky 1.

AABICTaH KOPriLUTIK - K63 >XaHapblHbIH HaLLlapAaybl, 3aTTapAblH
TYpPCUNaTbIHbIH BYAAbIPAN KepiHyi (8cipece, >XaKblIHHAH).

AMMepMeTp - 3AEKTP TOrbIHbIH KYLUiH ©ALLEYre apHaAFaH KYpPaA.

ATOM - XMMUSAABIK SAEMEHTTIH KacneTTepiH 60MbiHA CaKTaFaH OHbIH €H,
KiLli 6eAweri.

b

BaAKy - KaTTbl KOUCTAAAbIK 3aTTbIH CYWbIK KYWre aybliCyhbil.

BpoyHAbBIK KO3FAAbIC - CYMbIK HE ra3 ilLiHAETI YCaK BOALLEKTEPAIH
KopLUuaraH opTa MOAEKYAAAAPbIHbIH COKKbICbl 8cepiHeH BOAATbIH 6en-
bepeKeT KO3FAaAbIChbI.

ByfFa anmHaAy - 3aTTblH KaTTbl HEMECEe CYMbIK KYWIHEH ra3 Topi3Al Kyure
anMHaAy KacueTi.

ByAaHy - 3aTTblH CyMblK HEMECE KaTTbl arperaTTblK KYMAEH ras Topi3Ai
(6y) Kyure aybicy npoLeci.

B

BaTT - KyaT BipAIKTEPIHIH XaAblKapaAblK >xymneciHaeri (CH1) ambeban
eALLEM BIpAiIri.

BOABT - 3AEKTP TOFbIHbIH KEPHeYiH, MOTeHUMAAAAP anblpMacbiH
AHbIKTANTbIH XaAbIKapaAbIK ©ALLEM.

r




[@3 - 3aTTblH aTOMAAPbl MEH MOAEKYAAAaPbl Oip-6ipiMeH 9ACI3
HanAaHbICbl DOAFAH 3aTTblH KYMUI.

[eHepaTop - MeXaHUKAAbIK SHEPruaHbl SAEKTP SHEePruscbiHa
aMHAAAbIPATbIH KYPaA.

A

AEHEHIH KeCKiHI - HbICAHHAH TapaWTbIH >XOHE OHbIH KOHTYPblI MEH >XeKe
OOALLEKTEPIH KECKIHAENTIH COYAEAEPAIH ONTUKAADBIK >XYNE apPKbIAbl ©TYI
HOTUXKECIHAE aAbIHATbIH KECKIH.

A>XKOYAb — SHEPIUAHbIH ©ALLEM BIPAIri.

ANPdy3umnsa - 6ip 3aTTblH MOAEKYAAAAPbIHbIH €KiHLUI 3aTTbIH
MOAEKYAAapPaAbIK 6OC OpblHAQPbIHA ©3apa oTYi.

X

YKabbIK XXyMe - CbIpTKbl OpTaAaH MENAIHLLE OKLLAQYAAHFaH »XXyne.

YKaKbIHHAH KOPriLUTIK — KO3 KEMICTIr, MYHAANAQ aAAM aAbICTaH XXOHAI
Kepe aAManAbl.

XKaArFaH KeCKiH — CbIHFaH CoyAeAep KUbIAbICMan, OAAPAbIH
CO3bIHAbIAAPBLI KNbIABICKAH HYKTeAE aAblHaAbl (3KPaAHAAQ aAy MYMKIH
eMec).

YKaHy - >XbIAYAbIH peaKLUMAAaHYLLbl 3aTTap XYMNeCiHAE >XMHAKTaAYbIHa
GaNAAHbICTbl ©3AINHEH YAETKIL XUMUSAADBIK PeaKLUS.

>KaHy >XbIAYbl - K€3 KEAreH OTbIHHbIH >XXbIAY-TEXHUKAAbIK KYHADBIAbIFbI.

>KapTblAav ©TKI3riW - ©3IHIH 9AEKTPAIK KacveTi XKafFblHaH ©TKI3riwTep
MeH AUIAEKTPUKTEPAIH apacbiHaH OPbIH aAaTblH SAEMEHTTEP.

>Kapblk - aHeprugaHblH 6ip Typi.
>KapblK cayAeci — >XapblK 3HEPrmusaHblIH TaCbIMaAAAAHATbIH CbI3blIfbl

YapblKTbIH CbIHYbl = ONTUKAAbIK COYAeHiH (OKapbIKTblH) eKi opTaHbl
OOAeTiH LWeKapasaH ©TKEH Ke3Ae TapaAy BaFbITbiHbIH ©3repyi.

>KapbIKTbIH LUAFbIAYbI = XXapbIKTbIH €Ki opTaHbliH (1-opTa MeH 2-
OpTaHbIH) OOAIHY LUeKapacblHa TYCKEH Ke3ae 3aTrneH acepAecyi
HOTUXKeCIiHAE DOAIHY LLIeKapacblHAH Kepi Kapan TapaAybl.

YKMHaFbIW AMH3a - MAapPaAAEAb >XXapblK LLOFbIH TYMICYLUIre TYPAEHAIPETIH
OMNTUKAAbIK AUH3A.



Kyka AMH3a - KaAblHAbIFbl YAKEH €éMeC AMH3a.

KbIAY aAMacCy - KbI3AbIPbIAFAH AEHEAEP apacbliHAA XXbIAY LUbIFaPY,
KOHBEKL WS, XXbIAY ©TKI3TILUTIK, T.0. XXbIAY 6epy TYPAEPI apKblAbl XXbIAY
aAMacy.

KbIAY OKLUayAaFblLl - KbI3AbIDbIAFAaH A€HEAECH KOpLLIaFaH KEHICTIKKe
HeMece bip AeHEAEH eKIHLUICIHE >XXbIAYAbIH OEPIAYIH a3anTaTbIH
MaTepunaA.

XKbIAy ©TKI3rWTIK - AEHEHIH TeMnepaTypa amblpMacbl 6ap HvKTe/_\epi
apacblHAa Oip HYKTEAEH eKiHLI HYKTere »blAY dHEePrmsacbiH XXeTKi3y
KacueTl.

KbIAY - >XbIAY aAMaCYyAd >XYMEHIH bepeTiH HeMece aAaTblH
SHEPrunsacbliHbIH MOALLEpPI.

>KbIAYABIK KO3FAATKbILL — YXXbIAY SHEPIrMACbIH MEeXaHUKAABIK >XYMbICKa
TYPAEHAIPETIH KO3FAATKbILLL.

3

3aT - Heri3ri PU3MKaAAbIK YFbIM, MACCacCbl MEH KEHICTIKTE LUeKTEeAreH
niwiMi 6ap 6OALLEKTI HbicaHAAPAbIH (@TOM, MOAEKYAA, MOH, AEHEAEP)
YXUbIHTbIFbIH BIAAIPEA.

[LUKI TOABIK LLUAFbIAY — >XapblK ONTUKAAbIK TbIFbI3AbIFbl APTbIK OpTaAaH
TblfblI3AbIFbl KEM OPTafa 6TKEHAE 6ankKkaAaTblH K¥6b|/\bIC.

[LIKI aHeprna - AeHeHiH (OKYMeHIH) TeK iLWKi KyniHe 6anAaHbICTbI
aHeprus.

K

KaAnopmMeTp - ap TYPAI MpouecTep Ke3iHAE AeHeAepAeH BBAIHeTIH
HeMece OAAPAbIH KabbIAAAWNTBIH >XbIAYMOALLEPIH ©ALLENTIH acnan.

KaAopusa - >XbIAY MOALLEPIH eCenTeNTIH BIPAIK.

KnAoBaTT X car - 3AeKTP 3HeprusacbiHblH (OKYMbICTbIH) ecebiH
aHbIKTayFa apHaAFaH eALLeM BipAiri.

KomMnac - >xep 6eTiH barpaapAayFa, reorpadpuanbiK HEMEce MarHUTTIK
MepUuAMaHHbIH BafFblTblH aHbIKTayfFa apHaAFaH acnan.



KoHBeKuLmns - cymMblk HeMece ras 6eALLeKTepiHiH TeMnepaTypacbiHAAFbI
ablIPMALUbIAbIKTAP 9CepiHEeH TYbIHAAWTbIH, COA BOALLEKTEPAIH YXOFapbl-
TOMEH KO3FaAybIMEH CUMAaTTAaAaTbIH aFblM.

KoOHAEHCATOP - >XYKa AMIAEKTPUK KabaTbIMeH OOAIHIeH eKi ©TKIi3riTeH
TYPATbIH XXYyIMe.

KoHAEeHCcauUmMsa - rasablH HeEMece ByAblH CYUbIK TYPre anHaAybil.
Koppo3una - XUMUSAABIK YPAIC 3apAabblHAH MeTaAAAPAbIH MY>KbIAYbI.

KeAneM - reoOMeTpUSAABIK AEHEAEPAIH KEHICTIKTEH aAaTbIH OOAIriH
CMNaTTanTbIH LLaMachl.

KYAOH - BIPAIKTEPAIH XaAblKapPaAAbIK XXYMNECIHAEN SAEKTP MOALLEPIHIH
BIPAIri.

K

KanHay - CYMbIKTbIKTbIH TYTAaC KOAEMIHAE By KOeNipLIKTEPIHIH NanAa
OOAbIMN, OAAPAbIH CYMblK 6eTiHe WbIFbiNn OyFa anHaAYbL.

KanHay TeMnepaTypachbl — CYMUbIK KYMAEH OyFa Ppa3aAblK 6TY Ke3iHAEr|
CYMbIKTbIH TeMMepaTypachbl.

KaMTbIMCbI3AbIK — AEHEeAePAiH BYPbIHFbl KaAMblHa KaTa OpaAa aAMaybl.

KaHblKKaH 6y - 3aTTblH OYbl ©3iHIH CYMbIK HEMECe KaTTbl KYMNIMEH
YXbIAXKbIMaAbl TeNe-TeHAIKTe BOAATbIH KYNI.

KaTato - cyMblk 6aAKbIMaHbIH KaAbIMKa KYNFaHAA KOMCTAAAGHbIM, KaTato
npoLeci.

Kocna - 6ipHeLle »xan HeMece KYPAEAI 3aTTapAaH KYPAAATbIH >XyMe.

KbI3AbIPY — AEHEere >blAY 6epi/\reHAe OHbIH TEeMIepaTypacCblH apTTbIPY.

N\

/AVH3aHbIH YAKENTYI — KECKIHHEH AMH3afa AEMNIHI KaLUbIKTbIKTbIH YXoHe
AVH3aAaH AeHere AeniHri KallblKTbIKTapAblH KaTblHACHI.

M

MarHmMT - MarHUTTEAYLIAIK KacuneTi bap, AFHU MarHUT ©PICiH TyFbl3aTbIH
AEHe.



MarHuT epici - KO3FaAbICTafFbl SAEKTP 3apsaATapbl MEH MAarHUTTIK
MOMEHTI bap AeHeAepre acep eTeTiH KYLUTIK epic.

MeHLWIKTI 6aAKY XXaAybl - KaTTbl A€HEHIH BIPAIK MaccacblH BaAKy
TeMnepaTypacbiHAA CYMbIKKA aMHAAABIPYFA KaXXeTTi XKbIAY.

MeHLWIKTI BYAQHY >XXbIAYbl — CYMbIKTbIH OIPAIK MaccacblH KalHay
TeMnepaTypacbiHAQ OyFa aMHAAAbIPYFa KaXXeTTi XXbIAY.

MEHLUIKTI XXbIAY CbIMbIMAbBIAbIFbI — 1 KI A€HEHIH TeMnepaTypacbkiH 1°C-re
YKOFApPbIAATY YLWIiH 6EPIAETIH XXbIAY MOALLIEDI.

MeHLWIKTI Kepeprici - 3aTTblH TypPiHE BAMAAHDLICTbl KEAEPTIHIH,
KepCeTKIiLLI.

MOAEKYAQ - 3aTTblH XUMUAABIK KacneTTepiH 60oMblHa CaKkTafFaH OHbIH €H
KiLdi 6eALueri.

MeAAIP - >XapblKTbl 6TKI3ETIH AEHe.

MeAAIpP eMec AeHe - XXapblKTbl ©6TKI3OENTIH AeHe.

O

ONTUKAAbIK OCb — >XapblK COYAECiHIH KOCAapAaHbIN CbIHYbIHA YLLbIPaMan
TapaAa aAaTbliH OaFbIT.

OTbIH = >XXbIAY 3HEPIUACBLIH aAyFa KOAAAHbIAAQTbIH >XaHFbILL 3aTTap.

©

OTKI3rIL — SAEKTPAIK SHEPIUAHbI TaCbIMaAAAY VLUIH KOAAAHbIAQTbIH
XOHe B6ip TYpAE OPHAAACTbIPbIAFAH METAAA HEMECE Ke3 KeAreH oTKI3riLl
CbIM.

M

Manaanbl acepi KoadpduumeHTi (MOK) - NnanaaAbl KyaTTblH KEATIRIAMEH
KyaTKa KaTblHacChbl.

[MoTeHUMAA amblpbIMbl - IAEKTP 3apaAbl Oip HYKTEAEH eKiHLLI HYKTere
OPbIH AYbICTbIPFAHAAQ SAEKTP ©pPICi KYLUIHIH aTKapaTbliH >XYMbICbIHbIH COA
3aPAATbIH LLUAaMAacblHa KaTbIHACHI.

Mpn3ma - TabaHAaPbl NAPAAAEADb XXA3bIKTbIKTaPAA XXAaTaTblH TeH
KenodbypbllTapAaH TYPaTbIH, BYNIiP KbipAapbl TabaHAAPbIHA
NepneHANKYASAP KEHICTIK AeHe.



P

PaaMaLns - >KbIAYAbIK COYAE LLbIFAPYbI.

Pe3ncTop - anekTp Ti3beriHiH 9pTYPAI TapMaKTapbIHAAFbl TOK KYLUIH, HE
KEPHEeYAI LUeKTey HeMece peTTey YLUIH KOAAAHbIAATbIH OYMbIM.

PeocTaT - 9AEKTP XKeAICIHAEr KepHeyAl HeEMece TOKTbl TEXXEUTIH YXKoHe
PETTENTIH DAEKTP KYPbIAFbICDI.

C

CakTaHAbIPFbIL - 3/\eKTp TI36eKTepIH TOK KYLUIHIH |D¥KC8T eTIAreH
MOALLEPAEH acCbIMN KEeTYIHEH KOpFayfFa apHaAfFaH TeTIK.

CYMbIKTbIK — CYMbIK arperaTtTbIK KYWAEri 3aT.
CbIFbIAY — AEHE KOAEMIHIH Killipeyi.

CbIAKaHARY — A@HEAEH >XblAY MOALLEPI aAbIHbIM OHbIH TEMMNEPaTypPaCbiH
TycCipy.

CbIHY 6YpbliLLbl - CbIHFAH TOAKbIHHbIH TapaAy 6afFbiTbl MEH TOAKbIHHbIH
CblHYbl ©TETIH eKi opTa OOAIriHIH 6eTiHe NepneHANKYASAP apacblHAATbI
OV PbILL.

T

TapTy - 3aTTapAblH b6ip-bipiHe @cepAecyiHiH TYpI.
Tebiny - 3aTTapAblH Oip-b6ipiHE acepAecyiHiH TYpi.

TeAecKon - acnaH LblIpakKTapblH SAEKTP-MarHUTTIK COYAE apPKbIAbI
HaKblAAYFa apHAaAFaH aCTPOHOMUSAABIK KYPAA.

TeMrlepaTypa - MaKpOCKOI'IMKa/\bIK YXYMNEHIH TEPMOAMHAMUKAADBIK Tere-
TEeHAIK KVl/IIH CUMNaTTaNTbIH (bl/l3l/IKa/\bIK LLlaMa.

TeMrepaTypa LWKaAackl - TeMMepaTypaHblH 9P TYPAI MBHAEPIHE carkec
KeAeTiH uMdpAap TizberiHiH >Xyneci.

TepMocC - BYA XKbIAY ©TKI3OENTIH HEMece CaKTaMTbIH KYHAEAIKTI eMipae
KOAAQHDBIAATbIH blAbIC-aaAKTbIH 6ip TYPI.

Tycy 6ypblllbl - TYCYLUI TOAKbIHHbIH TapaAy 6afbiTbl MEH TOAKbIH
TYCETIH eKi opTa B6AIriHiH 6eTiHe NeprneHANKYASAP apacbiHAAFbl Oy PbILL.

TyWMbIK Ti36eK - TYMbIKTAAFaH SAEKTP Ti3beriHAe Y3AIKCI3 3apsaaTap



KO3FaAbICbl bOAa BOAAADI.

TYpPaKTbl TOK — TOK KYLUIHIH LLUaMacbl MeH 6afFbiTbl YaKblTKa BAMAAHbICTbI
©3repMemnTiH SAEKTP TOorbl.

Y

YAFAt0 - AEHEHIH 6ALLEMIHIH apTybl.

D

DOKAABAIK YXa3bIKTbIK — >XYMEHIH TOFbICbl OPHAAACKaH OCbKe
NepPNeHANKYAAP MAEAA ONTUKAADBIK XXYWNEHIH Xa3blKTbIfbl.

DOKYC - LLUAFbIAbIM 8HE CbIHbIM ©TETIH >XXapblK COYAEAEPIi d)XUHAAATbIH
HYKTE.

L

LLIaFbIAy OypblLLbl - HOPMAAb MEH LUAFbIAFAH COYAE apacbiHAAFbI
OV PbILL.

LLlaLbipaTKbILL AMH3a - >XapbIKTblH, MapaAAeAb LLOFbIH TapaAFaH LLOKKA
TYPAGHAIPETIH ONTUKAAbIK AMH3a.

LLIbIH KECKiH - CbIHFAH CoyAeAep Oip HYKTeAE KMbIAbICKAHAA ManAa
Bonapbl (3KpPaHAQ).

bl

bIAFAAABIABIK = KaTTbl A€HeAeri, YHTaK 3aTTarbl, Fa3pafrbl bIAFAA
MOALLEpPI.

3

DKBUBAAEHTTIK Kepepri - BipHelle KepaepriaeH TypaTbiH Ti36eKTiH
YaAMbl KeAeprici.

IAEKTP a>KblPaTKbILL — KOPeEK KO3iH >XaHAbIPbIMN, COHAIPETIH TeTIK.

DAEKTP 3apsAbl - BOALLEKTEP MEH AGHEAEPAIH CbIPTKbI
3AEKTPMAarHUTTIK epicneH e3apa acepiH cunaTTaMaAapAbliH 6ipi.

IAEKTP KEePHeyi - 9AEKTP 3apsAbl 6ip HYKTEAEH eKiHLI HYKTere opblH
AYbICTbIPFAHAA SAEKTP 6pICi KYLUIHIH aTKapaTblH >XYMbICbIHbIH COA



3aPAATbIH LLaMacblHa KaTblHACHI.

DAEKTP KO3FayLlbl KYLL - 3AEKTP Ti3beriHe »XaAraHFaH, TabuFaTbl
3AEKTPOCTATUKAAbIK eMeC dHeprmna Kesi.

IAEKTP KyaTbl - SAEKTP SAEMEHTTEr TOK KYLLIi MEH KePHeYAIH KebenTy
HOTUXKECI.

DAEKTP NOTEeHLUMAaAbl — IAEKTPOCTATUKAABIK OPICTi aHepreTUKaAblIK
cUNaTTanTbliH ckaAdap wamMa. OA epic 3apAAbIHbIH MOTEHLUMAAADBIK
3HEPrnACbIHbIH OCbl 3aPAAKA KaTblHACbIHa TEH,.

DAEKTP CaHafFbILL - YXYMCAAFaH SAEKTP 3HEPruacbiH 6ALLENTIH KYPaA.

DAEKTP CTAHUMUACHI - SAEKTP SHEPrUAChIH LLUbIFAPaTbIH MHAYCTPUAABIK,
Xep.

IAEKTP CbI36achbl — SAEKTP Ti3beriHiH cypeTi.
IAEKTP Ti3beri - 3AeKTP TOrblH 6TKI3ETIH KYPbIAFbIAAPABIH XUbIHTbIFbI.

IAEKTP TOrbl — SAEKTP KO3FayLLbl KYLUTIH 9CePIHEH 3apsATapAbIH
(3apsaATaAFaH beALLeKTep HEMeCe AeHe) BafFblTTAaAFaH KO3FAAbIChbl.

IAEKTPMArHUT — SAEKTP TOrbl XXYPreHAe MarHUT epici manaa 60AaTbIH
YXaCaHAbl MarHuT.

IAEKTPOMArHUTTIK TOAKbIHAAP — BanAaHbIC Ti3beriH KYPanTbliH eKi
CbIMHbIH apacblHAAFbl IAEKTPAIK >XoHEe MarHMUTTIK epicTep bip-6ipiMeH
OEeATIAI Bip 9AEKTPOMArHUTTIK SHEPIrnsa MeALLEPIHAE BaMAaHbICTA
OOAATbIH TOAKbIH.

SAeMeHTap 3apsaA - 6aPAbIK OH XK8HE TepIC IAEKTP 3apPAATaPbIHbIH
iLLiIHAE aBCOAOT MBHI YXaFblHaH eH Killli 6OAaTbIH 3AEKTP 3apPdaAbl.

SHeprus - MaTepusa KO3FaAbICbiHbIH 8PTYPAI GOPMACbIHbIH XaAmMbl
eALleYiLLi.



ANSWERS

Page 25 topic 1

1.A 2.C 3.A 4 False, they vibrate

Page 25 topic 2

1.A2.B3.B4. True5. A6.A7.B8 B9 A10.B

Page 27 Test-1

1.B2.D3.C4A5C6.D

Page 27 Test-2

1.C2.D3.A4B5D

Page 42 Test-1

1.A2B3.A4D5B6.D7C8B9.C10.DI.A

Page 43 Test-2

1.B2.C3.C4D5A6.B7.C8B9D

Page 57

1.C 2.D

Page 77

1.B2.A3.D4.C5B6.A

Page 107




4.B6. A

Page 123

3.C,D4. AS5.C

Page 153

27.D 28.C29.2

PROBLEMS

12) I. Open more II. Collapse 13) 72 x 10N

x10* N 16) 9 tin

N 18)-810nC

20)9.10%V  21) 210"V  Z23) 016.

23) a) doubled b) tripled ¢) halved

a9 w100 82 vy
Zb) 088 mm 190 85 mm

Page 107
1)225Q 2)1=6A 1=2A1=8A 38)13Q 4)B 519A 6)A 7)545A 9.09A 327A
8)I=6A V=240V Q)6 W
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