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Disclaimer: The problems below are not my own making but are taken from A Guide to Physics Problems:

Part 2 (GPP2) and Princeton Problems in Physics (PPP).

Practice Problems

1. (GPP2 4.12 Hydrogen Rocket) The reaction chamber of a rocket engine is supplied with a mass

flow rate m of hydrogen and su�cient oxygen to allow complete burning of the fuel. The cross section

of the chamber A, and the pressure at the cross section is P with temperature T . Calculate the force

that the chamber is able to provide.

2. (PPP 4.4 Phase Coexistence) The temperature of a long vertical column of a particular substance

is T everywhere. Below a certain height h(T ) the substance is solid, whereas above h(T ) it is in a liquid

phase. Calculate the density di↵erence �⇢ = ⇢s � ⇢l between the solid and liquid (|�⇢| ⌧ ⇢s) in terms

of L (the latent heat of fusion per unit mass), dh/dT , T , ⇢l and g, the acceleration due to gravity.

3. (GPP2 4.51 Nonideal Gas Equation) A gas obeys the equation of state

P = Nk

✓
T

V
+

B(T )

V 2

◆

where B(T) is a function of the temperature T only. The gas is initially at temperature T and volume

V0 and is expanded isothermally and reversibly to volume V1 = 2V0.

(a) Find the work done in the expansion.

(b) Find the heat absorbed in the expansion.

4. (PPP 4.5 Otto Cycle) The operation of a gasoline engine is (roughly) similar to the Otto cycle (Fig

1), where:

• A ! B: Gas compressed adiabatically

• B ! C: Gas heated isochorically (constant volume; corresponds to combustion of gasoline)

• C ! D: Gas expanded adiabatically (power stroke)

• D ! A: Gas cooled isochorically

Compute the e�ciency of the Otto cycle for an ideal gas (with temperature-independent heat capacities)

as a function of the compression ratio VA/VB , and the heat capacity per particle CV .

5. (GPP2 4.32 Joule Cycle) Find the e�ciency of the Joule cycle, consisting of two adiabats and two

isobars (see Fig 2). Assume that the heat capacities of the gas CP and CV are constant.

6. (GPP2 4.53 Critical Parameters) Consider a system described by the Dietrici equation of state

P (V � nB) = nNAkTe
�nA/NAkTV

where A, B, k, NA and R are constants and P , V , T , and n are the pressure, volume, temperature, and

number of moles. Calculate the critical parameters, i.e., the values of P , V , and T at the critical point.
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- Hydrogen Rocket

feedWe begin by considering the forces that  act  on the chamber %H±o¥ AP¥#
Ft *

=

Four
+

Fp a

where towrefers to the force produced by the mass outflow due to

fuel combustion
,

while Fp
is the force due to the pressure differential

at the interface  of the chamber & the external environment . Er  a

traditional rocket ,
when the combustion products  exit through a  nozzle

to  maximize the outflow  velocity , the second term  is negligible . For this

problem

Fp = PA

but we will neglect it & focus  on the reaction thrust from the mass flow

from the chamber
, Fout

AS one may recall from classical mechanics

F- =

daps = niv + ME

In this case Eu  actually arises from the former term rather than the

latter

o : we need to calculate J the velocity of material leaving the chamber

And he,
the mass  outflow  rate . To'  

. determine Theoitflow rate

we can first  consider the Material actually being produced in the

combustion chamber .
The reaction  in the chamber would be

2 Hz t Oz → 2 HZO

: the amount  of hydrogen that  enters the system is  equal to the amount  of

water  vapor that leaves the chamber
,  i.e.

ina
=in µ .o

Now m=  in µzµHz= (

2g
) in ni

Rg
)

in
itzo

while in =  Kuo µµzo
= ( 18g) in He

= 9 m



So  now  we know  in & just need to solve for J
. Imagine that at  a

given moment
,

the HZOproduced in the chamber takes up a volume V
.

Then the volume decreases by DV given by

dV= A dx d×±
# LA

where A  is the cross-section of the chamber & X is the distance along the

the direction  of  mass flow
. Therefore we can  express the Mass outflow  rate

as

nerdy (pv ) =p d¥a=pAdd¥=pAv
when p is the density of Ho & on  recognize dftdev

⇒
v=9mpA

So  now  re  most Solve for p
⇒

p
= n Hzo µ Hao = Pµho when he assumed HO product

-
- benders like an  ideal gas  w/

✓ RT
equation  of  state

⇒ v= 9¥ ¥=F
Pmitzo A

•• .
F ⇐

81 m2 RT Notice that this  is  maximized by reducing
- PA ,

which is related to Fp .

This is  why
Mtv PA

rocket  nozzles are designed to  reduce PA & as

a result
, why Fp  is negligible compared to Fout .
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= .

We begin with the Clausivs - Clapeywn equation ,
since this defines the phase

transition  or phase Coexistence curve  on  a P - T diagram & he have a

substance existing in two distinct phases in this problem .

*
at

= that
Recall that v is the volume per a  unit  mass ( i.e.  inverse density)

,
Ltv describes

the specific  volume  change  of the phase transition
,

and L = TLIS  is the latent heat

wl s as the entropy per  unit  mass & as  is the specific  entropy change from the phase
transition tor

this problem we  are given L = latent heat  of fusion which means we are

concerned about the transition from  a Solid to liquid
⇒ as . se - Ss & or - Vets =

pt -

pts
Figl

Rearranging the Second relation
,

we see that *a
Z

← %÷
.

Estee

Feet

"

/
÷ " P

=

¥apµ+ Fspe
µp¥h

Expanding dpldt in terms  of the height function hlt
=

⇒ g¥=¥a÷n
Therefore we need to determine dpldh .

I 'll demonstrate  a longer derivation first
.

We know that the pressure @ the surface  of  a liquid in  a tube  is  merely

P = peg 47where 47is the height  of

the liquid

From Fig 1
,

we see Liz  = H - h

⇒ ddIn
=

peg ( ddht - y )
where H  also depends  on h by
non - trivially depending on T

,

just like h



To solve for dH/dh we can consider that
,

while the height of the mixture is

not constant as a function  of temperature ,
the total mass  of the System is

Constant
,

ie
.

m = aAh + PEACH - h ) ownhssm.se?tiinsotthfw

tube
⇒

damp = o = ps A + pea (don't - 1)

. : dp
Th

= -

Psg
which gives vs the final result

Llp = #
gT( dhldt )



Session 1 Problem 3 GPPZ 4.57Non  ideal

- - Gas Equation
We have the equation of state P = Nk ( I

+13¥
)

a)
Work done in the expansion

'
. W = -§ PDV wl Vitro& Vf = ZVO for this

sroblem

Note he pick up a negative sign because he are concerned about the Work
done in the system , not by the system on  its environment

⇒ w=  -

Iown (F + Bfttsdv

W = - NkTln2 - NKBHI
ZVO

b) So now we  are looking for the heat absorbed
,

which is given by
Qin = f Tds

Vf → No

since we  are dealing wl a reversible process . This  is  an  isothermal

expansion So T=  const & independent  of S

⇒ Qin =T[S( 2h ) - Sao ) ]
To  relate S & V we must first  relate S & P

.

We can do this by
Considering the Helmholtz free  energy

d A  = - SDT - PDV

which gives us the Maxwell relation

Eveleth
⇒ 5 = Nk f ( 1¥ + B'f#)dV

=

Nklntfe
) - NKPHTI + at )

Where Vc is a constant  of  integration as well as CLT ) due to holding T const

and B ' Lt ) = OBOT



Evaluating SW ) for the initial & final volumes
,

wesee that

Qin = Nkt ( ln2 + 132¥ )
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'

c

,
== Qin 4

→

X-P
We want to compute The efficiency ,

which Is defined
^

→
by •

I
Qout

B
#.=

.

y= Wt# A
Qin

"

l i >

VB Va
V

We  are dealing w| a cyclic process ,
so du=0

Sn
⇒ dW= DR

C  D
S

,
- )

The process  is also  reversible
→ Qoup

n v

⇒ dQ= Tds Qin -

From the diagrams ,
we see that heat  is absorbed

52 -

B <
A

rejected in the transformations from Bsc &

DSA  respectively ( since C→D & A → B are adiabatic ) 1 1 s

✓
B VA

• : Wto = QB→c + QD → A
* note ,n the diagrams  we

Qin = QB→c
use Qoo+= - Q

,, →  a
> °

⇒ y= 1 +
QD→AQB→c

To Calculate the heat for these two transformations , he  must determine Tas  a

A function of 5
.

So we begin with the first law

dU= Tds - PDV = Tds -

NTKTDV assuming an  ideal gas

Because Cv is temperature  independent Cv=(gY=)✓ ⇒ dU= Cvdt

⇒ dS= C*d⇒ +

Nkdhf
Integrating this equation  we find that

where a is an
S= Cvlntt Nklnv + ×

integration  constant

Inverting to gets as  a function  of T

⇒ T=Be%vVN4a when p=E%



Now he can insert  our temperature function into the integrals over entropy

⇒

Qtssc-gsfztlsNB7dS-pVi3N4a5fseskvds-pVpjNkkvCv@ikv-es4cDQaoaesPTCs.VDdS-pVjNkkvCvCes4a.es

' kv )

Consequently , plugging into  our expression for the efficiency we find that

m
= 1 +

QD→AQB→
 c

4=1 - (yygjwkkr

- S a useful exercise you can also  calculate the efficiency from

y
= Wtot

Q in

by considering Wtot = WA → B
+ Wc  →  is and calculating

Wi→ j
 = §

'

PDV = NkV§TW,#)dV for each transformation

This should give you the same value of  y as above
.



Session 1 Problem 5 GPPZ 4.32 Joule Cycle
==

pn
Recall That the efficiency is gin by •  

•3it'¥
.

y= Wet hptQin \

when Qin is the heat absorbed & Wto is the Total

¥•-<•-•
4

work done by the system
> V

From the diagram ,
we see that  Qin =Qz→3

where Qz  →  3  is the heat  absorbed from 2→3 .

This  is a cyclic process : . do -0 ⇒ DQ = dw

⇒ Wto = Qz→z + Qy→ ,
Since 3 →  4 & I → 2 am adiabatic

Because these an constant pressure processes & Cp is temperature independent
we can take advantage of the relation

Cpi (0¥)p
by rewriting it  as dQ= Cp DT  ⇒ Qi→y = Cp ( Tj

- Ti )

when I & Tj  are the temperatures @ points i & j on the RV plot where

i
, j

= 1,2 ,
3

, 4.

: me wat÷=1+8y÷= 1 +

III
But  we  want  our  answer  in terms of P

,
& Pz : . we first  use  the ideal gas law

⇒ 11=1 t1¥ ( VII )
when m  used the fact that

P
,

= Py & Pz=Pz

We can eliminate V by considering the adiabatic transformations , along which

PVT = const  where r= Cpkv

⇒ V ~ p
'  ' to

:#na that g. ,.¥g⇒¥H¥Y ¥h¥yr
' Husky

" ] or y=tl¥yMr
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Recall that a critical point meets the conditions

(F) t.IO& (E)t.IO
: D=

NNAKTENAINAHTV
( V - NBJ

'

i )

= ACT )eP←k ( V - HBJ
'

with ×(

TSEHNAKT
⇒ op .

BCTJENAINAKT
# =

-

AEMVCYNBJZ
+

aettvcpxizaknbt
'

to

Which gives  Us

BXTCKNB
)

' '
= (Vents) -2 with ⇐  a (E)

⇒ B-
 ' = ( V . nB)V -2 pct BCE )

c  <  C

Likewise  wham

(
ftp.I#=2xEpNtknBT2-xEptkBk2CknBJ2-aetHvepfknBJ2k2-2aeHkRVi3CVehBT'txE%B2K4CkhBY=O

Multiply by

VCCKNBP
& recall that

PEKCVENBT
'

⇒

KYXV
.

- 2(

Vin
B) +

VeoV.
= 2h13

⇒ p[
 '

= NAKI 1nA = nB/(4n2B9= ( 4h13 )t

⇒ To
.

A-
4 NAKB

uggmy into  our  equation for pressure  we find

Pc=/nHA(f*t3)E***K¥*tX¥D(nB5' = Ake . 2=12


