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Mean	=	9.1	(61%)	
Max	=	15	(100%)	
Min	=	2	(13%)	

Great	Job!	





Sub-C	 C	 B	 A	



¡  Students	with	valid	excuses	for	missing	the	
exam	are	taking	makeups	Tuesday	(with	a		
different	test)	
§  If	anyone	missed	the	exam	and	has	not	contacted	me	
with	a	valid	excuse,	please	be	aware	that	Tuesday	is	
the	*last*	possible	date	for	you	to	take	the	exam	

¡  I	will	post	solutions	to	the	exam	after	Tuesday	
§  I	will	also	be	happy	to	discuss	the	exam	after	Tuesday	
§  You	can	pick	up	your	exam	if	you	want	after	Tuesday	

		



¡  Labs	and	homeworks	as	usual	this	week	
§  Only	three	more	labs!	
§  Only	four	more	homeworks!	





¡  Common	sense:		
§  A	measure	of	how	“hot”	or	“cold”	something	is	

¡  Scientific:		
§  Temperature	is	a	measurement	of	the	average	
kinetic	energy	of	the	atoms	or	molecules	in	an	
object	or	system.	









°C	=	K-273	





¡  Absolute	zero	means	zero	temperature	

¡  Zero	temperature	(properly	expressed	in	Kelvin)	
means	zero	kinetic	energy	for	the	molecules	in	a	
substance	

¡  This	means	there	is	no	motion	–	everything	is	
“frozen	solid”	

	

  Therm-1 

 
Thermal Properties 
 
Temperature 
What is temperature?  It is a measure of the amount of "atomic jiggling".  When something is hot 
(has a high temperature), its atoms are jiggling a lot.  When it is cold (has a low temperature), its 

atoms are jiggling little. 

gas at lo T gas at T = 0K gas at hi T 

 
As temperature falls, atoms jiggle less and less. At "absolute zero" T = 0 K, all atoms stop, no 
motion. 
 
Temperature T = measure of energy per atom 
 
Various temperature scales:   
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 oF = Fahrenheit 
 oC = Celsius 
 K = Kelvin 
 

1 oC = 1 K ,  1 oF = (5/9) Co 
 
room temperature =  72oF  =  22oC  =  295 K | 300 K 
 
absolute zero =  0 K  =  –273oC  =  – 459oF 
 
[In the ideal gas law, p V = N k T = n R T (N = #molecules, n = #moles), must always use T in 
Kelvin.]  
 
Thermal energy U = total energy of all atoms  (random motion) 
 
Heat Q = amount of thermal energy transferred to a body. 
 
[Q] = energy,  SI unit of heat = joule 
 
popular unit of energy = 1 calorie (cal) = 4.184 J    Notice calorie spelled with a small "c". 
 



Everywhere	this	says	“definite	volume”	it	should	say	“almost	definite	volume”	



¡  Almost	all	materials	(solids,	liquids,	and	
gases)	expand	at	least	a	little	bit	when	
heated,	and	contract	when	cooled	

¡  Notable	exceptions	occur	when	materials	
change	phases	
§  e.g.	When	water	cools	and	freezes	to	from	a	solid	
(ice),	it	actually	expands	





Don’t	use	these	values	in	homework	problems	–	only	use	values	given	in	book!	



¡  Imagine	you	make	a	flat	(at	room	temperature)	
two-sided	strip	with	metals	with	different	
thermal	expansion	coefficients.		What	happens	
when	you	heat	it?	

A.  Nothing	
B.  It	bends	towards	the	steel	
C.  It	bends	towards	the	copper		

α	=	17x10-6	
α	=	13x10-6	
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¡  A	square	metal	plate	with	edge	length	Lo	
(area	A	=	Lo

2)		is	heated	so	that	it	expands	and	
its	new	edge	length	is	1.01	Lo.		What	is	its	new	
area?	

¡  A:	(1.01)	Lo
2	 	 		

¡  B:	Less	than	(1.01)	Lo
2	 		

¡  C:	More	than	(1.01)	Lo
2	



¡  A	square	metal	plate	with	edge	length	Lo	
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Answer:	The	new	area	is	(1.01	Lo)2	=	1.02	Lo
2.				

(1.01)2			=			(1+0.01)(1.01)			=			1.01	+	(0.01)(1.01)				≅			
1.01	+	0.01			=			1.02	



¡  (1+x)2	=	1	+	2x	+	x2	~	1+2x	(for	x	<<1)	

¡  Therefore	area	expansion	has	a	coefficient	
twice	that	of	linear	expansion	

¡  Similarly:	
§  (1+x)3	~	1	+	3x	(For	x	<<1)	
§  Therefore	volume	expansion	has	a	coefficient	
three	times	that	of	linear	expansion	



¡  Imagine	you	take	a	
square	sheet	of	metal,	
cut	out	the	center,	and	
then	heat.	What	
happens	to	the	size	of	
the	hole?		

A.  Stays	the	same	
B.  Gets	bigger	
C.  Gets	smaller	
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Don’t	use	these	values	in	homework	problems	–	only	use	values	given	in	book!	


