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Check the course home page 
       courses.washington.edu/phy115a/ 
    for course info updates, and slides from previous sessions 



Announcements 
•  I will be away all next week  

–  Prof. Jim Reid will cover lectures and exam for me 
–  Prof Reid has office hours next week – or you can see me 

after class today or tomorrow if necessary 

•  Clicker quiz results will be posted tomorrow 
–  Check to make sure your clicker is being recorded 
–  Web registration page will be closed tonight – if you have not 

registered by 6pm today, you must send email to phys 110 
with your name, UW NetID, clicker number and screen alias. 

•  Exam 1 is one week from Friday (4/18) 
–  Details and sample questions in class next week 

•  Volunteers to take exam at 2:30 instead of 1:30 : please 
go HERE (instead of URL shown Tuesday) 
https://catalyst.uw.edu/webq/survey/wilkes/232658 
–  If you do NOT get an email from phy115a, you must take the 

exam next Friday at the regular class time, 1:30!! 
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Clickers that have 
been used but not 
registered 



Tuesday...Quiz 3 

An alert student pointed out: 
Strictly speaking, (A) should have said “no NET heat is transferred” 
between objects in equilibrium – heat energy is transferred, but 
goes both ways in equal amounts. 
So I gave credit to answer B as well as C. 
However: please interpret questions as simply as possible! I will 
not try to ‘catch’ you. Quizzes are intended to reinforce basic ideas. 

•  Two objects in physical contact with each other are in thermal 
equilibrium. Then 
A.  No heat is being transferred between them 
B.  They have the same temperature 
C.  Both A and B are true 
D.  Neither A or B is true 
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Announcement  
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2-Dimensional expansion 

•  Linear expansion à expansion of area, or volume 
–  Area expansion = linear expansion in 2 dimensions 

Notice: not proportional to α2 , but 2α   
–  Volume expansion: same idea, now we get factor 3α 

•  However, we define a volume coeff of expansion β : 
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A ' = L+ΔL( )
2
= L0 +αL0ΔT( )

2
= L0

2 + 2αL0
2ΔT +α 2L0

2ΔT 2

for αΔT <<1, α 2ΔT 2 ≈ 0→ A ' ≈ L0
2 + 2αL0

2ΔT = A+ 2αAΔT
ΔA= A '− A= 2αAΔT

V ' = L+ΔL( )
3
= L0 +αL0ΔT( )

3

for αΔT <<1, ΔV =V '−V = 3αV ΔT

ΔV = βVΔT → β ≈ 3α

Last time 



Thermal expansion 

•  Most materials expand when heated 
–  Basis of simple liquid thermometers 
–  Approximately linear with T 

•  L0 = original length of object  
•  Coefficient of linear expansion α  : 

units = 1/°C (or 1/K) 
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ΔL∝ΔT →ΔL = const( )ΔT =αL0ΔT

VOLUME  
COEFFICIENTS 
 
 
 
 
 
 
 
 

Last time 



But...Water is special! 
•  Thermal properties of water are different from most 

substances 
–  Solid is less dense than liquid 
–  Density of water (at 1 atm) is max at ~ 4 °C 
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Demonstration last time: 
Flask of water: V indicated by 
height of column  
1.  Started at ~ 0°C, slowly 

warmed up to room temp 
2.  At first, V dropped (column 

fell below starting point):  
Same m, but higher density 
à V smaller 

3.  Later (after T>4°C), V 
increased (water column 
rose above starting point: 
Lower density à V larger 

1 2 3 

Demonstration last time 



Thermal expansion example  

•  A solid steel beam is 20m long, with cross section 
20cm x 30 cm 

•  Compare its length, cross sectional area, and volume, 
between  
–  a very cold day, when T= –20°C , and  
–  a very hot day, when T= +40°C  
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ΔV = βV0ΔT → β ≈ 3α

= 3 1.2×10−5 (C°)−1#
$

%
& 0.2m×0.3m×20m( ) 60°C!" #$= 2.6×10

−3m3 (2600cm3)

ΔA= 2αA0 ΔT

= 2 1.2×10−5 (C°)−1#
$

%
& 0.2m×0.3m( ) 60°C!" #$= 8.6×10

−5m2 (0.86cm2 )

ΔL =αL0ΔT

= 1.2×10−5 (C°)−1#
$

%
& 20 m( ) 40.0°C− (−20.00°C)"# $%= 0.0144m (1.4cm)



Heat capacity and specific heat 
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Heat capacity and specific heat:
   Q =CΔT =mcΔT

     C is the heat capacity, the 
heat transfer required to change 
an object’s temperature by 1K 

     c is the specific heat capacity, 
the heat capacity per unit mass for 
a given substance, so c = C/m. 

      

Heat units: 1 cal = 4.186 J =  energy to raise T  of 1 cm3  of water by 1K. 
1 Cal = 1 kcal = 4186 J,    
1 Btu =  energy to raise T  of 1 lb of water by 1F = 252 cal =1.055 kJ

water 1 cal/(g K) 1 kcal/(kg K) 4.184 kJ/(kg K) 1 Btu/(lb F)c = ⋅ = ⋅ = ⋅ = ⋅°



Specific heats of common substances 
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Example: heat capacity 
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     How much heat is needed to increase the temperature of 3.0 kg 
of gold from 22°C (room temperature) to 1,063°C, the melting point 
of gold? 

 

 

Note: this gets us up to the melting T, but more heat will be 
needed to actually melt the gold... More later 

(3.00 kg)[0.126 kJ/(kg K)](1063 23 ) 393 kJQ mc T C C= Δ = ⋅ ° − ° =

A gold miner wants to melt gold to 
fill molds and make ingots. 



Quiz 4 
•  The specific heat of gold is about 1/3 that of copper. 
•  1 kg of each metal is at room temperature. 
•  If you add 1 kcal of heat to each, which one’s 

temperature rises more? 
A.  Copper 
B.  Gold 
C.  Both have the same ΔT 
D.  I need more information to answer 
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Q =mcΔT →ΔT =Q /mc
so ΔT ∝ (1/ c),  for same m and Q: cgold  < ccopper →ΔT  greater for gold

Gold: ΔT  =1kJ / (1kg ⋅ 0.126kJ / kg ⋅K( ) = 7.9K

Copper: ΔT =1kJ / (1kg ⋅ 0.386kJ / kg ⋅K( ) = 2.6K



•  Calorimeter: device for measuring heat capacities, or heat 
content of objects 

Measuring specific heats: calorimetry 
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Isolated: no net change in total heat energy of M and water
ΔQSYSTEM = ΔQM +ΔQW = 0    (heat lost by M = heat gained by water)

McMΔTM +mWcWΔTW = 0,       ΔT =TFINAL −TINITIAL
McM (T −TM 0 )+mWcW (T −TW 0 ) = 0

cM =
mWcW ΔTW( )
−ΔTM( )M

 Note: if we know cM ,   we can find final T =
McMTM 0 +mWcWTW 0
McM +mWcW( )

–  Thermally isolated (insulated) 
container holds known mass of 
(for example) water 

–  Insert object of known T, mass M 
–  Wait until water and object are in 

thermal equilibrium 
–  Measure final T (same for water 

and object)  



Example: measuring specific heat 
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     To measure the specific heat of lead, you heat 600 g of lead 
shot to 100°C and place it in an insulated aluminum calorimeter of 
mass 200 g that contains 500 g of water, initially at 17.3°C.  The 
specific heat of the aluminum container is 0.900 kJ/(kg.K). 

     If the final temperature of the system is 20°C, what is the 
specific heat of lead measured this way?  

Notice: Pb cools, (water + container) get warmer   
ΔQPb = −mPbcPbΔTPb  (heat lost  by Pb) ΔQw =mwcwΔTw ΔQc =mcccΔTc

ΔQPb +ΔQw +ΔQc = 0

mPbcPbΔTPb =mwcwΔTw +mcccΔTc = mwcw +mccc( )ΔTw

cPb =
mwcw +mccc( )ΔTw

mPbΔTPb

=
(0.50 kg)(4.18 kJ/ kg ⋅K( ))+ (0.20 kg)(0.90 kJ/ kg ⋅K( ))#
$

%
&(2.7K)

(0.60 kg)(80.0K)

= 0.128 kJ/ kg ⋅K( )


