Physics 103 Exam 3 \07) X %

Name DZ'_ L- ID#

Section # TA Name

Fill in your name, student ID# (not your social security #) and section # (under ABC of
special codes) on the Scantron sheet. Fill in the letters given for the first 5 questions on
the Scantron sheet. These letters determine which version of the test you took, and it is
very important to get this right. Make sure your exam has questions 6 to 25.

1. A

2. C

3. E

4. B

5. D

USEFUL NUMBERS:

Gas constant 8.31 J/K-mole
1 atm = 10° Pa
N, =6.03 x10” molecules/mole
g2=9.8 m/s?

0=5.67x10% W/m>K*
atomic weight of nitrogen N = 14
atomic weight of oxygen O = 16
atomic weight of Hydrogen = 1
atomic weight of helium = 4
mass density of water 1000 kg/m’
mass density of ice 917 kg/m’
mass density of aluminum 2700 kg/m’
mass density of sea water 1035 kg/m’
mass density of iron 7860 kg/m®
specific heat of water 4183 J/kg-C
specific heat of copper 387 J/kg-C
specific heat of ice 2090 J/kg-C
specific heat of iron 448 J/kg-C
linear thermal expansivity of copper = 17 x 10 °C"
linear thermal expansivity of aluminum =24 x 10 °C"
linear thermal expansivity of steel = 11 x 10° °C"!
latent heat of fusion of water is 3.33 x 10° J/kg
latent heat of vaporization of water is 2.26 x 10° J/kg



6) The output end of hose A (inner radius 2.4 cm) is attached to hose B, which has a
smaller inner radius. The speed of the water in hose A is 5 m/s, and the speed of the water
in hose B is measured to be 45 m/s, what is rp the radius of hose B? '
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7) The hoses are turned around so that water is running first through B and then through
A. If the flow rate of the water is the same as in the above problem, compare the
pressures in hose A and hose B.
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8) Suppose you float an ordinary ice-cube in a glass of syrup whose density is 10%
greater than that of water, making a mark on the side of the glass to indicate the level of
the syrup before the ice melts. What will the level of the liquid will be after the ice has
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9) An aluminum cube that is 200 mm on each side is tied to the end of a string and the f)' 30%

block is lowered until it is exactly half submerged, hanging at rest in a tank of pure water.| @& T#g
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10) You have an insulated cup containing 160 g of coffee at a temperature 90°C. You add
to it 10 g of milk with a temperature of 10°C. Assuming the specific heat of the coffee
and milk are the same (and equal to that of water), what is the final temperature of the

mixture? - a he
Meorvce “roege A lorrce ™= Pue mrf\ { mrie
Elag 350‘% Coorree = Cmpe S0 Mey Canvcel

G FT (T ) Mg 70T
(§) )s4cC [0 (T3-10) = Iy (G0-T.) 1729Ty4 =/6090+1000

11) A U-shaped tube is open at both ends to the atmosphere. It contains two different
11qu1ds One liquid has density p = 1000 kg/ m®. The other liquid has density p; = 1200
kg/ m®. The height h is 0.30 m (see the figure below, which is not to scale). What is the
height h;?
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12) A submersible Alvin is lowered from a ship into the ocean until it reaches the ocean
floor at a depth of 5 km. What is the pressure outside A/vin at the ocean floor?
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13) A hydraulic lift is used to lift a block of mass M. The block rests on the right
massless plunger. A force F, is applied to the left massless plunger. The two plungers are
at the same height. The diameter of the left cylinder is D, and the diameter of the right

cylinder is D,. What force F; is required to lift the block?
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14) A barometer is filled with an unknown liquid as shown in the drawing below. The
open bottom end of the barometer is exposed to air at atmospheric pressure, and the
pressure in the top closed end is 0. The liquid in the closed end rises to a height hy=1.5 m

above the open end. What is the density of the liquid?
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(@ 2510 kg/m’

b 3250 kg/ m*
(f;jz) 6803 kg/ m’
(d  7630kg/ m’
(&) 9340 kg/ m’




15) Two metal rods, one made from aluminum and the other from steel, have the same
initial length (L, = 5 m) at room temperature (To = 20°C). At what temperature T, would
the aluminum rod be 2 mm longer than the steel rod (assuming that both rods are at the
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16) A copper flask with a volume of 150 cm® is filled to the brim with olive oil. The
coefficient of linear expansion is 17 x 10 C”! for the flask and the coefficient of volume
expansion 680 x 10 C! for the olive oil. If the temperature of the system is increased
from 6 °C to 31 °C, how much oil overflows from the flask?
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17) A metal cup has mass 120 g and initial temperature 20 °C. Into this cup is poured
0.30 kg of water that is initially at a temperature 70 °C. The final temperature of the cup-
water system is 66 C. Assuming no heat is lost to the surroundings, what is the specific

heat of the cup. e Coun ATcme = oy, Courre. AT =120
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18) A hot air balloon plus its cargo has a mass of 327 kg and a volume of 687 m>. The

balloon is floating at a constant height above the ground. Given that the density of the

surrounding air is 1.27 kg/m®, what is the density of the hot air inside the balloon?
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19) A 100 g ice cube having an initial temperature of 0°C is put into an insulated cup
containing 200 g of water. After a long time, all the ice is melted and the remaining water
is at 0°C. Assuming no heat flows into or out of the cup, what was the initial temperature
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20) A molecule of nitrogen (N,) at 427 °C has the same speed (rms velocity) as a

molecule of He at the temperature: LT
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21) Indicate which statement is true: ‘
(a) A person cools most quickly in high relative humidity. BWwMS

(b) A person cools by radiation onky-after-exereise. A e TIMG

erspiration is an example of cooling by convection. .~

(d) Heat is never transferred #0 an individual by radiation, only from the person. TN StTPAMG oy

e T Sum
(e) Heat is quickly conducted away from atheletes by conduction through the air. HMW
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22) Which of the following is not a state of matter (i.e. a phase)?
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(c) gas
(d) plasma
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The following three questions are based on the situation below:

P (atm)

6 atm {------ 4

(P -4--1

100 moles of a monotomic ideal gas (total mass 4

kg) are used as the thermodynamic fluid in a heat

engine which has 4 processes in a cycle.

a) an isothermal transition from 1 to 2 (@208 °C)

b) an isobaric transition from 2 to 3

¢) an isothermal transition from 3 to 4 (@(449
OC)

d) an isovolumetric transition from 4 to 1

T=2p
P, f--—-—- e ———
Vo
23) The Pressure P, is
(a) not calculable
b 1 atm
2 atm
(d 3 atm
(e) 4 atm
24) The volume V, is:
(a) not calculable
(b) 0.5m’
©» 1.0m
CﬁT 1.5m?
(e) 25m’

2m’ V (m?)
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Po (2m3) = (00 (§31) (20§ +273)
Do = 2XI0% = 2A5m

7 Am = 63[/05' Pa
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25) Mark the false statement:

(a) The work done by the gas in going from 4 to 1 is < the work done by the gas
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The work done by the gas in one cycle is positive and equal to the area within
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(©) The work done by the gas 1n/ going from 2 to 3 is non-zero. /) .0 -A VS0
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(d) The work done on the gas is greater than the work done by the gas.
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(e) The work done on the gas is greater than the sum of the work done by the gas w9z 2oy
in going from 1 to 2 plus the work done by the gas in going from 2 to 3. chve -
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