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1	 Given	is	1mole	of	oxygen	molecules	at	atmospheric	pressure	and	temperature	of	20oC.	
a)		 	Find	the	number	of	molecules	having	their	speed	between	300m/s	and	302m/s		
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b)			 Find	the	most	probable	speed:		 +I/
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	 	 	 	 			ANS:	 390m/s	

c)			 Find	the	number	of	molecules	with	the	most	probable	speed	(within	1	m/s	from	it)	 			ANS:	2.56x1021	
d)		 Find	the	number	of	molecules	with	the	speed	of	1000m/s		 (999;1001)	 	 			ANS:	6.41x1019	 	
e)	 Find	the	number	of	molecules	with	the	speed	of	2000m/s	 (1999:2001)	 	 			ANS:	7.03x1011	
	
NOTE:	the	same	calculations	(with	interval	of	2m/s)	lead	to	the	maximum	speed	of	2880m/s	in	this	gas.	
(	the	number	of	N2	molecules	with	speed	larger	than	2880	is	less	than	1!)	
	
2	A	refrigerator	has	a	coefficient	of	performance	of	3.00.	The	ice	tray	compartment	is	at	–20.0°C,	and	the	room	
temperature	is	22.0°C.	The	refrigerator	can	convert	30.0	g	of	water	at	22.0°C	to	30.0	g	of		ice	at	–20.0°C	each	
minute.	What	input	power	is	required?	Give	your	answer	in	watts.	

.	Therefore,	 .		

The	heat	removed	each	minute	is	
	

		or,	 .	

	 Thus,	the	work	done	per	sec	 .	

	
3			A	heat	engine	operating	between	200°C	and	80.0°C	achieves	20.0%	of	the	maximum	possible	efficiency.	What	
energy	input	will	enable	the	engine	to	perform	10.0	kJ	of	work?	

The	Carnot	efficiency	of	the	engine	is 	
	

At	20.0%	of	this	maximum	efficiency, 	

	From	the	definition	of	efficiency	 	and	 	

	
4		Using	Maxwell=Boltzmann	Distribution	of	speeds	for	Ideal	Gas	obtain	the	Boltzmann		Distribution	of	Energies			
for	Ideal	Gas.	Follow	Lecture	Discussions		(see	the	Video	Link	on	the	Brightspace.	Present	your	work	on	the	
opposite	site	of	this	page.	
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5		 A	1.00-mol	sample	of	a	monatomic	ideal	gas	is	taken	through	the	
	 cycle	shown.	At	point	A,	the	pressure,	volume,	and	temperature	are	Pi,	Vi,	and	Ti,	
	 respectively.	In	terms	of	R	and	Ti,	find	(a)	the	total	energy	entering	the	system	by	heat	
	 per	cycle,	(b)	the	total	energy	leaving	the	system	by	heat	per	cycle,	(c)	the	efficiency	of	
	 an	engine	operating	in	this	cycle,		

At	point	A,	 	 and	 	
	At	point	B,	 	 so	 	
At	point	C,	 	 and	 	
At	point	D,	 	 so	 	
	

The	heat	for	each	step	in	the	cycle	is	found	using	 	and 	

	 	 	

	
	
	

(a)Therefore,   (b)  

(c)Actual	efficiency, 		 	

6	 In	the	Zartman-Ko	experiment	Al	atoms	emerging	from	the	oven	(T=	400C)	hit	
the	plate	on	the	opposite	side	of	a	drum.	The	drum	radius	is	5cm.	We	may	
assume	that	the	speeds	of	atoms	emerging	from	such	oven	are	described	by	
Maxwell-Boltzmann	distribution.	It	was	found	that	atoms	with	average	speed	
strike	the	plate	at	x1=0mm	while	the	atoms	with	the	most	probable	speed	
strike	the	plate	at	x2	=	1.0mm.	What	is	the	angular	velocity	of	the	drum?		
Atomic	mass	of	aluminum	27u.	

	
	 Atoms	travel	along	the	straight	line	(	diameter	of	the	drum)	before	striking	its	

wall.	We	can	calculate	the	time	necessare	for	each	class	of	atoms	to	travel	that	
distance	
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∆𝑡 = 𝑡+ − 𝑡* = 0.00015537 − 0.00013769 = 0.000017677𝑠	
	
During	this	time	interval	the	drum	will	rotate	by	the	angle	(0.1cm/5cm)	rad.	Its	angular	velocity	in	rad/s	is	given	by:	
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