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1| TEMPERATURE AND
HEAT
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Introduction
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1.1 | Temperature and Thermal Equilibrium

Learning Objectives
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Temperature
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Thermal Equilibrium
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1.2 | Thermometers and T emperature Scales

Learning Objectives
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:8E 9< :FEM<IK<; LI@E> K?< <HL8K@FEJI@E

Figure 1.4 -<C8K@FEJ?@GJ 9<KN<<E K?< I18?I<E?<@K <CJ@LJ 8E; &<CM@E K<DG<I8KLI< J:8C<J 8I< J?FNE /?< I<C8K@
F=K?< J:8C<J 8I< 8CJF J?FNE

To convert fromE Use this equationE

9@G=IG HC 5<F9B<9=Hg, —5g
5<F9B<9=H HC 9@G:|G5$ _i5 ¢

9@G=IG HC#9@J=B 5 54
#9@J=BHC 9@G=IG 55 5 °

5<F9B<9=H HC #9@J=B g _15,

[S¥N

#9@J=B HC 5<F9B<9=H 5 _ig - 4

Table 1.1 Temperature Conversions

| F :FEM<IK 9<KN<<E I8?I<E?<@K 8E; &<CM@E :FEM<IK KF <CJ@LJ 8J 8E @EK<ID<;@8K< JK<G

LSAD@9

Converting between T emperature Scales: Room T emperature

d-FFD K<DG<I8SKLIGI<E<ISCER@E®@B?PJ@KIO< P 8 2?8K@IFFDK<DG<I8KI@EHI 9 278K
@J @K @E &

Strategy

| FBEIN<K?<JHL<IK@RBEN< E<<;KEF @PFFJ<K?<FlI<:K:FEM<|J@8HL8K@BE;JJL9JK@KIMKBEFNE
M8CL<J

Solution
| F:FEM<IK =IFp$ KFp LJ< K?< <HL8K@FE
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KI@GC< GF@EK
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1?< I<ILCKIG<E;JFD<N?8KREK?<?F@:E=>8J ILKK?<C<JKEJI<K?<8J@K?YLCIK?DQ<KKKI?4<JLCKFI; @=<I<EK
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1@J@ie (https://openstaxcollege.org/ I/21consvolgasth) KRC<8IBFI<89FLK?<FEJKS8EK MFCEBK
K?<IDFD<K<I

1.3 | Thermal Expansion

Learning Objectives

M H<9 9B8 C: H<=G G97H=CB MCIK=@@ 69 56@9 HC

U BGK9F EI5@=H5H=J9 EI9GH=CBG 56 CHHSTLIH<IFAS@ 9LD5BG=CB
U +C@J9 DFC6@9AG =BJC@J=B; H<9FA5@ 9LD5BG=CB =B7@I8=B; H<CG9 =BJC@J=B; H<9FA5@ GHF9GG

/?< <OG8EJ@ERC:F?F@BK?<IDFD<K@BE<F=DS8EP.FDDFECRE:FLEK<I<0O8DGCE3thermal expansion N?@:?
@KR?<?8E><@BFQ@ PEMFCLDR=8 >@M<2PJK<BJ @ KXDG<IS8KLRBE><J/?< DFJKM@J@EBDG @YU ?<OG8EJ@EE
?FIB@P?<E 8@®I<8K<;@KOG8EFSE; 9<:FD<IC<JXEJ<K?8K?dJLIIFLE; @ BON?@:K?<EO<IKEE LGNS8I; =Fl:<
FEK?QFKB@3E; DSB<JIK<S8BE; IDFB4@J2FKB@ISCCFFEIFSSE; JF=FIK7?< J8D<9<?SM@BIGG<FBCCOHL@;J
8E; >8J<J;| @ M@EBKLISE8IKISEJ=kIGNS8I|; @ PFD<J F:<8EJ8E; N<8K?<IPIJK<D8IN<N@GC@J:.LI®BELG:FD@E>
J<:K@FEC@3CJEE;<I>FK?<ID8€OGSEJ@BECIFI8:BBE; 91@;><FFI<O8DGC8M<OGSEJQH KKBCCFN
K?<D KF =I<<CP <OGS8E; 8E; :FEKI8:K N@K? K<DG<I8KLI< :?8E3<dugd 12FNE @E
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Figure 1.5 8 /?<ID8C <OG8EJ@FE AF@EKJ C@B< K?<J< @E K?< 9 L:BCS8E; #8I9FL| 1@;>< @E )<N 5<8C8E; 8CCFN 91@;><J
1?8E>< C<E>K? N@K?FLK 9L:BC@E> :I<;@R@B%[@8 FDDFEJ

278K @H?4.E;<ICP@BEJ<F=K?<ID8EOGSEJ@BEGI<M@FLDEPK@FEBE@E:1<8E<DG<I8KID<8EBE@E:I1<8J<
OK?<B@E<K@<P F=@E;@M@BK8EDJI$ES JFCALEC@@BB >8] K?<-DFC<:LC<8l< ?<C;@EC8:9P =FIl:<J=IFD
E<@>?9FI@EE<:LCBIN<JIBN@Bscillations (https://legacy .cnx.org/ content/ m58360/latest/) K?<FIl:<J8E
9< DF;<C<;8] @R8IDFE@IGI@EX:1@9<9P K?<<EES8I; %WFE<GFK<EK@8Cgy in Simple Harmonic Motion
(https://legacy .cnx.org/ content/ m58362/latest/#CNX_UPhysics_15 02_LennaJones) J?FNJ K?8K JL:?
GFK<EK@88JPDD<KI@®@R?8K?<GFK<EK@ES8EP @E:I<8JRFI< JK<<GNP<EK?DFC<:LCxXKCFJ<KKS8:? FK?<I
K?8MI?7<EK?<P<K=8IK?<dN8P/?LJ 8K8>@MBE E<KEP K?<@IKBEBFM<;@3II<8KM?<EE<@>?9MFMBNBP
=IFD<8:? FK?<K?8M?<EK?<PFM<KFN8I;<8:? FK?<I?< I<JLCEK?8KE:I<8JB@E<KB*}P @E:I1<8JK<DG<I8KLI<
@E:I1<8J<J K?< 8M<I8>< ;@JK8E:< 9<KN<<E DFC<:LC<JaK?< JL9JKBE:< <OG8E;J

IFI DFJKIL9JK8E:4.E;<| FI,@ES8IFE; @K@ XBIE<O:<CCHBGIFO@DSKEBRE<I@BFGI<=<II<;@|<:K@KRESIKDJ
K?<JFC@d@JFKIFG@Ee BE@E:I<8 @ E<DG<ISKIEE:I<8IKPIFC@ ;@ QP 8 <IKSGH3: K@ FEHES:? ; @D<EJ@FE
[?<I<=FI< @=K?<JFC@; @J =I<< KF <OG8E; FI :FEKI8:K @KJ GIFGFIK@FEJ JK8P K?<J8D< FECP @KJ FM<I8CC J@Q<

Linear Thermal Expansion

tFl:@E> KOG<I@D<KR$;<G<E;<E:<F=K?<ID8COGSEJEHHK<DG<ISKLHK 9JK8E:8E; FI@>@ESE>K®J
JLDD8I@Q<; @E K?< <HL8K@FE

E- .. 1.1
E (L1)

N?<I< - @&?<F|@>@EQE>KQE—;) @B?<?8E><@E<E>KE@H2IG<:KFK<DG<ISKLSE; y @H?<oefficient of
linear expansion 8 D8K<I@BEG<IKP?8KISI@3C@>?NENKDG<ISKLIE y @E<8ICHFEIKSEBE; 8CIM<IP

JD8CC =FI GI8:K@:8C GLIGFJ<J N< LJ< K?< C@E<8| 8GGIFO@D8K@FE
T- y-T5 (1.2)

Table 1.2 C@JIKGI<I<EKSKEBGKFFK?<F<=@:@REB@E<®GEEJ@FEEFK<<BIC@<T 5 @B ?<JI8D<N?<K?<@K
@40GI<II@EE@RZ;<>I<<J <CJ@IK B<CM@&LJ y D8P?8MLE@K3 b FI & N@K?<I8D<MBCL@E@K?<I

:8J< GGIFO@D8K@BJ8 :FEJKSHRBIL@R<L18K<=FIJD8CCBE><JDK<DG<I8SKIJE; IL=@: @=<EWFIKGI8:K@:8C

GLIGFJ<J <M<E =PkCBBE><J @E K<DG<I8KLEOZD@E< K?@J 8GGIFO@D8K@FE DFI< :CFJ<CP @E K?< E<OK <O8DGC:-
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Material Coefficient of Linear Coefficient of V olume
Expansion { pb Expansion ( pb

Solids
@IA=BIA _ _

F5GG

CDD9F
CcC@8 - —
IFCB CF GH99@ - —
IBJ5F B=7?9@ =FCB 5@@CM - -
$958 — —
+=@J9F _ —
@5GG CF8=B5FM _ —
@5GG (MFILQ _ _
)ISFHN _ _
CB7F9H9 6F=77?
%5F6@9 5J9F5;9 _ —
Liquids
H<9F
H<M@ 5@7C<C@ —
5GC@=B9 —
@M79F=B —
%9F7IFM
| BH9F

Gases

=F 5B8 ACGH CH<9F ;5G9G 5H —
5HACGD<9F=7 DF9GGIF9

Table 1.2 Thermal Expansion Coefficients

[?<ID8C<OG8EJ@IOGCF@&?9@D<K8IKI@Bgure 1.6 /[?@I<KM@:8E9<LI<;8I8K?<IDFD<K@?<LIM@E>
JKI@@BKK8:?KRB GF@EKEB J:8C<$K8E 8CJB<LJ<; KBLKFD8K@:8TIERF| FG<B IN@K8KB :<IK8@&EDG<I8KLI<
8J @E FC;<I FI BE8CF> K?<IDFJK8KJ
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Figure 1.6 /?<:LIM8KLI< F=8 9@D<K8CC@: JKI@G ;<G<E;J FE
K<DG<I8KLI< 8 /?<IKI@G @J JKI8@>?K 8K K?< JK8IK@E> K<DG<I8KLI<
N?<l< @KJ KNF :FDGFE<EKJ ?8M< K?< J8D< C<E>K? 9 K8 ?@>?<I
K<DG<I8KLI< K?@J JKI@G 9<E;J KF K?< |@>?K 9<:8LJ< K?< D<K8C FE
K?< C<=K ?8J <OGS8E;<; DFI< K?8E K?< D<K8C FE K?< 1@>?K K8

CFN<I K<DG<I8KLI< K?< JKI@G NFLC; 9<E; KF K?< C<=K

LSAD@9

Calculating Linear Thermal Expansion
[?< D8S@HBG8HE-=.8E !ISE:@J:FC"FC,<E"8K< |@;><@J D CFEBK@KBC;<JK?< 91@;><@30GFJKF

K<DG<I8KLISE>@EHD B KF b 2?8K@@ KBE><@E<E>RIKN<<K?<IK<DG<I8KLI<IILD<
K?8K K?<91@;>< @J D8;< <EK@I<CP F=JK<<C
Strategy

0J< K?<HLBK@HHC@E4S8I<ID8EOGBEJ@FE VY- T5 KF8C:LCBKL<?8E><@E<E>K?T- 0J< K?<
F<=@:@FRER@E<RDGBEJ@KFEFIIK<<@FD Table 1.2 8E; EFKK?8K?<?8E><@K<DG<I8KLI¥5 @J

b
Solution
.L9IK@KLK< 8CC F= K?< BEFNE M8CL<J @EKF K?< <HL8K@FE KF JFCM< =FI
T- y-T5 371 Tﬂs | g N P N
Significance

CK?FL>EFIC8t<:FDG8I<; N@K?<C<E>KZK?91@;><K?@IBE><@E<E>KRFII<IMBICBKAI<E<IBCCP
JGI<8; FM<I D8EP <OG8EJ@FE AF@EKJ JF K?8K K?< <OGBEJ@FE 8K <8:? AF@EK @J JD8CC

Thermal Expansion in T wo and Three Dimensions

OE:FEJKIB@HEQA<:KIOGSE@BC{@D<EJ@REHI@ CCLIKI@K=gure 1.7 /?8K@K?<@I8I8E; MFCLD<8JN<C8J
K?<@KE>KBE:I<8 MO KXDG<I8KLK:8LI< K?<GIFGFIK@IHBIR ?<I8D< ?FC<GE; :FEK8 @ BAFCLD 8L JF<IKC8i<I
N@HKXEDG<IBKL$<PFL:LK8 ?FC@B D<K8GC8K&?4<D8@E @BK<I@M8@E€0G8E08:KBB@KFLC;@K?<G@<RFL
I<DFM<; N<I< JK@CC @E GC8:< /?< G@<:< NFLIF K2K 9e<>BLIK ><K 9@>><| KFF

Thermal Expansion in T wo Dimensions
IF1 JD8CC K<DG<I8KLI< :?8E><J K?< :?8E><I@HBI<BDM<E 9P

T y"T5 (1.3)
N?<I< T" @B?<?8E><@BI<8 " T5 @B?<?8E><@E<DG<ISBKLBE; y @B?<F<=@:@REE@E<®GSEJ@FE
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N?@:? M8I@<J JC@>?KCP N@K? K<DG<I8KLI<

Figure 1.7 $E ><E<I8C F9A<:KJ <OG8E; @E 8CC ;@I<:K@FEJ 8] K<DG<I8KLI< @E:I<8J<J $E K?<J<;IBN@E>J K?< FI@>@
9FLE;81@<J F= K?< F9A<:KJ 8I< J?FNE N@K? JFC@; C@E<J 8E; K?< <OGS8E;<; 9FLE;8l@<J N@K? ;8J?<; C@E<J 8 <8 @E
9<:8LJ< 9FK? C<E>K? 8E; N@;K? @E:I<8J< /?< 8I<8 F=8:@I:LC8I GCL> 8CJF @E:I<8J<J 9 $=K?<GCL> @J I<DFM<; K?< 7
C<8M<J 9<:FD<FEBN@K? @E:I<8J@E> K<DG<I8KLI< ALJK 8] @= K?< <OGS8E;@E> GCL¥NkB<I@EC @E GC8:< : 1
@E:1<8J<J 9<:8LJ< 8CC K?I<< ;@D<EJ@FEJ @E:I<8J<

Thermal Expansion in Three Dimensions

J7< 1<C8K@FE92@G<MFCLDSE: K<DG<I8KL+% @&@M@P% 7T5 N7<l< @B?<coefficient of

volume expansion J PFL :8E J?FN @®ercise 1.60 y 12@J <HLSK@FE @J LIL8CCP NI@KK<E 8J
T7 775 (1.4)
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