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Possibly Useful Formulae

For constant acceleration in one dimension:
v=at+yv,

X=zat? + vt + X,

vZ - V2 = 2alXx

Momentum — linear and angular:

p=nv L=rxp= | o
Newton's Second Law:
F=ma Ly
F=ma = e
Circular Accelerations:
Vi -V R
&= RTYR T
Circular Accelerations:
2
- V_ - a)ZR
&°R
_ Qv
& t
Friction:
fi = N

fo< UN
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Moment of Inertia:
1= mr?= jrzdm
body
l o = MR?  (ring)
1 .
lem = 5 MR® (dist)
1
| = -— ML* (thinrod
c.m. 15 ( )
| = c MR® (sphere)
Parallel axistheorem:
=1, + Mh?
Kinetic Energy — rotational and translational:
1 1
K=— +=1__af
2 2 c.m.
Work:
f
W, =|F@s

Potential Energy:

=i

U(F)-U(ref) = - [ F &5

Uy)= mgy (gravity, near Earth)

uU(r)= —ﬂ (gravity, generaly)

U= o (spring)

Condition for rolling without slipping for around object of radius R:

s= R V= R | &= Rd |
Oscillations:
xeox 2et2l x- Aoy ws <
az - Y 2 T X() = Acoswt + ¢) “Vm
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Temperature Scale  T(K) =T(°C) + 273.15
First Law of Thermodynamics: AE=Q+W=0Q-W,
W = Work done by environment
W, = Work done by system
5 6
Ideal Gas Equations: PV = nRT and E-= (E’E’Or E) NRT
35 6 C
Specific Heat: C, = (EE or E) R Adiabatic Index: y = ap
Elementary Thermodynamic Processes
Constants  Change of Heat Given Work Done Change of
Process During Energy to System by System Entropy
Process AE Q dW, = PdV dS=dQ/T
1. Isochoric T,
dv =0 PIT nC, AT nC, AT 0 nC, In( ?j
2. Isobaric
c nC, AT P AV T
dP=0 VIT nC, AT - n(C, +R) AT — RAT nC, In( Tij
3. Isothermal V, V, V,
drT=0 PV 0 nRTIn(Vj nRTIn(Vj nRIn(Wj
4. Adiabatic PVY o
Q=0 TV nC, AT 0 R A(PV) 0
(Isentropic) TPYY = -nC,AT
Efficiency of aHeat Engine:
Q|
S :1—‘— - 1-== (Carnot)
QH QH H
Heat Transfer:
A AT
| = AQ = kKA— | = eg AT*
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1. (20 pts) 2-D Collision. Two pieces of putty, of mass mand 2m

aretraveling at speeds v, and v, perpendicularly to each other when M \
they collide and stick together, then moving with known speed v- and
at an angle of 45° with respect to each of the incoming directions. 45° Ve >
Y our job here is to determine what v, and v, are in terms of m, v, 45°
and the angle between them.
2m/'v,

(a) (10 pts) Ismomentum conserved? If so, then also writedown
here the equations expressing its conservation which you will
later use to solve for v, and v,.

(b) (20 pts) Solvefor v, and v, in terms of the other given quantities.
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2. (25 pts) Collision with Angular Momentum. Two MR m,R
identical solid diskscollide and stick together. Thefirst travels
initially with speed v, and isrotating about its axis with angular @, ®=
speed w, (in the clockwise direction as seen by the second disk),
while the second isinitially not moving or rotating. The disks Vo v=0
are perfectly aligned so that the centers of the two disks touch
each other after thecollision. All answersshould beinterms of
m, R, v,, w,, Or asubset of these quantities.

(a) (3 pts) What isthedirection and magnitude of thelinear

momentum of the system of the two disks after the collision?

(b) (4 pts) What is the direction and magnitude of the angular momentum of the system of the

two disks after the collision?

(c) (6 pts) What is the energy of the system of the two disks before the collision?

(d) (12 pts) What is the energy of the system of the two disks after the collision?
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3. (25pts) Loop-the-Loop. A roller coaster car of massminitially __\
sitsmotionless on africtionlesstrack avertical distance h abovethe
bottom of the roller coaster’sloop. The loop hasradius R.
(a) (8 pts) When the roller coaster car goes around and around
the loop, what isthe normal force exerted by the track on the car
at the bottom of the track? Giveyour answer intermsof m, g, h,
and R, or a subset of these quantities. Show how you reached
this conclusion. R

(b) (6 pts) When theroller coaster car goes around the loop, what is the speed of the car at the
top of the track? Give your answer interms of m, g, h, and R, or a subset of these quantities.
Show how you reached this conclusion.

() (11 pts) What isthe smallest that h can bein order that the roller coaster car not fall off the
track at the very top, plunging its occupantsinto... oh, wait — the lawyers say not to worry about
what happens after it falls off. Give your answer in terms of m, g, and R, or a subset of these
quantities. Show how you reached this conclusion.
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4. (25pts) Putty and Rod. A uniform rod of mass mand length L
isinitially motionless. A pieceof putty of the same mass mtraveling m,L
at speed v, perpendicular to therod strikestherod at itsvery end, as
shown inthefigureto theright, and stickstoit. At theinstant of the
collision the center of mass of the system is located at the position

marked “x” in the figure. The location of the “x” axis is fixed in Axis

space, though the rod and putty freely move without restraint. X,/

(@) (5 pts) What is the angular momentum of the system of rodand ) IL a4
putty about the axis “x” marked in the figure before the . Vo

collison?

(b) (5 pts) What isthe angular momentum of the system of rod and putty about the axis*x” marked
in the figure after the collision?

(c) (5 pts) After the collision, what isthe moment of inertia of the system of rod and putty about the
system’s center of mass?

(d) (5 pts) After the collision, what is the angular frequency of rotation of the system of rod and
putty about its center of mass?

(e) (5 pts) After the collision, what is the total mechanical energy of the system, including both
translational and rotational kinetic energy?
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5. (20 pts) FreeExpansion. Inachamber of volumeV,

we confine n moles of adiatomic gas with temperature T, Vo 2V,
and pressure P,. Suddenly, one wall of the chamber
vanishes and the gas freely rushes to fill the now-larger | n T, P, 0

chamber of total volume 3V,. The gas eventually settles

down to a new equilibrium state in this larger volume.

(a) (4 pts) How much heat is added to the gas during the
free expansion?

(b) (4 pts) How much work does the gas do during the free expansion?

(c) (4 pts) What does Conservation of Energy tell you that the temperature of the gas is when it
settles down after the free expansion? Show how you found the temperature.

(d) (4 pts) What is the entropy change of the gas due to the free expansion?

(e) (4 pts) After everything settles down the gasisthen recompressed adiabatically back toitsinitial
volume. What is the entropy change of the gas during this recompression?
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6. (20 pts) Calorimetry. Mariaand Arnold are hosting a delegation of legislators. She brings 1
liter of chilled white wine at atemperature of 2°C, while he brings 2 liters of the same type of wine
straight from the store at 20°C. They decide to make the best of it and mix the two together.
(Assume that the container in which they mix the wine does not change its temperature during the
process.) The specific heat of wineis C = 4 kJkg-K, and its density is 1 kg/liter.

(&) (5 pts) Using conservation of energy, determine the final temperature of the mixture.

(b) (5 pts) What is the amount of heat transferred from Arnold’ swineinto Maria's ?

(c) (5 pts) How much heat needs to be extracted from the mixture in order to cool it down to 0°C?

(d) (5 pts) In order to effect thisfinal chilling, the Chief of Staff brings someice at exactly 0°C and
wantsto add it to the modestly cool winein order to cool it further. The latent heat of fusion of
iceis 336 kJ/kg. How much ice should be added so that the wine is cooled all the way to 0°C
and does not leave any tell-taleice chips floating in the container?
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7. (25 pts) Four Legged Cycle. n moles of an ideal gas with P
adiabatic index y=3/2 is placed initially in state 1 characterized by SFo~
a known pressure P,, volume V,, and temperature T,, and then
carried through the cycle shown in the figure to the right. 2P,
1—2 Isochoric heating to pressure 3P,.
2—3 Isothermal expansion to volume 2V,
3—4 Isochoric cooling back to the initial pressure. P,
4—1 |sobaric compression back to theinitia state.

May 4, 2004

: .0
(a) (8 pts) Calculatethe P, V, T coordinates of each of the statesin 0
terms of P,, V,, and T, respectively, and place the answer into

Page 11
2
A 3
1 4
\ \ V
V, 2V,

thistable, which has already been partialy filled with the information given above.

State Pressure Volume Temperature
1 P, V, To
2 3P, vV,
3 2V,
4 P, 2V,

(b) (6 pts) Would the device described by the cyclein this problem be more appropriately described
as an engine or as arefrigerator, or does it make a difference? Explain your answer.

(c) (11 pts) Compute the total work done by the gas on the environment, Ws, when it goes around
acomplete cycle. Expressyour answer interms of n, R, and T, only. Since you don’'t have a
calculator handy, you can leave your answer in terms of square roots and logarithms as needed.
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8. (40 pts) Diesel Cycle. Thisthermodynamic cycle is composed, pLb c

in order, of an adiabatic compression, an isobaric expansion, an ~ ®
adiabatic expansion, and an isochoric cooling. Consider n moles of
an ideal gas with an adiabatic index of vy.

(@) (22 pts) In the table below, calculate al of the energy flows P, d
indicated, leaving them in terms of the temperature of each state,
T, T, T, T4 and not the pressures or volumes. If you need o | a
space to calculate anything, use the back of this page only. 6 ‘ ‘ ‘
oV, V, V,
Process AE Q Wy AS
a-b
adiabatic
b-c
isobaric
c-d
adiabatic
d-a
isochoric
Total Don’t add these two columns

(b) (10 pts) In terms of the same temperatures as above, what is the efficiency of this cycle?

Wewould now liketo expressthe efficiency of thiscycle now solely intermsof thevolumesV,, V,,
and V.. (Notethat V=V, so only three symbols are needed, not four.) Hereisone step along theway
toward that goal. Y ou can use the back of this page if you need more space.

(c) (8 pts) Express T, interms of T, and whatever volumes you find necessary.





