,,//M//w»/:,v A //y/ﬁ/x,/‘“ a2 //I&M/{‘”

C(@(J«m/‘w‘
o VY n)
| oy
\'/ — -
N
x —_—
| {f’p” 't
— o
Q0 Whet 15 gzt 0 WKV(W7
p . et
g ckeried 20D
p ATh
ety et = o1 ]
g R
mvy; =~ O = (M%m)\?
V’F //m"" \’ru
L) )
K (Mem) Ve = éiﬁm)(ﬁl a

N o chameed Ao .
\ loted S917
? ? i 17] Ko~ v CWM

1&@ /Y\XY\W //r\u’/v pe W%
7

Do focs. shoppoy #oa Al ] 27
<

Cly |



CP{'A’OW Aot ,p,sc:/of 7 Clo >

A%fg,uf( 9 « /ﬁﬂégﬁﬁ,

@J?M,;f\g fl{iﬂfﬂﬁsf;{wﬁw«m :




TR rs |
S

= &'L’\)/;Q(a"<;i?t;> My et m(L)z ) m“lﬁ.‘ij jﬁ;f

v’h,l/

My tdos
LAY , et 98"/
L& B =2 Tl ”(/«ﬁf>>¢7°‘“’/; Sy

é in the plane of motion. The swinging rad1us, the r in Eq. 4.4,
is the distance from the ceiling to the op of the pendu]um
The distance from the ceiling to the top of the bench is 3.70
meters.

C. Amplitude indicator. The amplitude indicator is a small,
metal rod that is inserted into a metal tube. As the block
swings back, it pushes the rod into the tube. Then by know-
ing the initial distance from the block to the tube and by
measuring the length of the rod extending, the displacement,
d, is obtained. The pendulum will swing back about 9 cm.
Good experimental technique suggest that the indicator rod
should be placed so that it will move only a few cm. (Why?)

rocedure: Uered & W dov 22
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(a) Since the range must be kept clear during the firing,
you should make the necessary preparations as promptly as pos-
sible, in particular, the suspension for the pendulum and the
amplitude indicator. Some measurements, such as the swinging
radius, r, can be made Tater.
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There is some variation in the bullets, and, of course,
there are other sources of variation. By using three to five
shots, you should have enough indication of the range of
values expected and enough information to compute the effec-
tive velocity of the bullet. The manufacturer gives the mass
of the bullet as 1.88 gms, and the other information is di-
rectly measured. Compute v for each measurement and then
compute an average V.

(b) For one.specific.measutement, compute Mlthout ‘an
error range) the following:

1, The momentum of the bullet before impact.

2. The momentum of the block after impact.

3. The kinetic energy of the bullet before impact.
4, The kinetic energy of the block after impact.

Is there much difference between the energies? How'do
you account for this difference? -

(c) The variation in your measurements of v does not
take into account the systematic errors. The calculations
are highly idealized--friction in the suspension and other
energy losses are ignored--so we would expect the true value
for v to be consistently different from the measured value.
Let us try to estimate the order of magnitude of these errors.

One systematic error is the error in d due to the fric=
tional losses of the swinging pendulum. Set the pendulum




in the plane of motion. The swinging radius, the r in Eq. 4,4,
is the distance from the ceiling to the top of the.penqulum.
The distance from the ceiling to the top of the bench is 3.70
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C. Amplitude indicator. The amplitude indicator is a small,
metal rod that is inserted into a metal tube. As the block
swings back, it pushes the rod into the tube. Then by know-
ing the initial distance from the block to the tube and by
measuring the length of the rod extending, the displacement,
d, is obtained. The pendulum will swing back about 9 cm.
Good experimental technique suggest that the indicator rod
should be placed so that it will move only a few cm. (Why?)

2. Procedure:

(a) Since the range must be kept clear during the firing,
you should make the necessary preparations as promptly as pos-
sible, in particular, the suspension for the pendulum and the
amplitude indicator. Some measurements, such as the swinging
radius, r, can be made later.

There is some variation in the bullets, and, of course,
there are other sources of variation. By using three to five
shots, you should have enough indication of the range of
values expected and enough information to compute the effec-
tive velocity of the bullet. The manufacturer gives the mass
of the bullet as 1.88 gms, and the other information is di-
rectly measured. Compute v for each measurement and then

compute an average V.
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1. The momentum of the bullet before impact. .
2. The momentum of the block after impact.

3. The kinetic energy of the bullet before impact.
4. The kinetic energy of the block after impact.

Is thefe much difference between the energies? How do
you account for this difference? :

(c) The variation in your measurements of v does pot
take into account the systematic errors. The calculations
are highly idealized--friction in the suspension and other
energy losses are ignored--so we would expect the true value
for v to be consistently different from the measured value.
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C10T.1

C10T.2

C10T.3

C10T.4

A railroad car collides with a similar car at rest. The
cars lock togther. Does this process convert a signif-
icant amount of energy to thermal energy (com-
pared to the first car’s kinetic energy)?

A. No.

B. Yes.

C. We need more information to be sure.

The root-mean-square (rms) speed of a molecule’s
motion is the speed that the molecule would have if
its actual kinetic energy were equal to its average
kinetic energy Kayg. The rms speed of random mo-
tion of a nitrogen molecule in a container of air at
room temperature is about 510 m/s. The mass of a
hydrogen molecule is about 14 times smaller. What
is its rms speed of random motion at the same tem-
perature? Select the closest response.

A.35m/s

B. 140m/s

C.510m/s

D. 1910 m/s

E. 7100m/s

Say that the rms speed of random motion of helium
gas molecules at room temperature (22°C) is v. If
the temperature “doubles” (to 44°C), what is this
speed now? Select the closest response. (Hint: Why
the quotation marks?)

A. About the same

B. v/2v

C. 2v

D. 4v

If you rub your hands together, they get warmer
(try it!). Rubbing therefore heats your hands, true
(T) or false (F)?



C10T.5

C10T.6

C10T.7

C10T.8

Is the change in the following objects’ thermal ener-

gies due to a flow of heat (A) or work (B)?

a. A hot cup of tea on a table becomes cooler with
time.

b. A meteorite entering the atmosphere glows
white-hot.

c. Liquid nitrogen poured on a slab of ice boils fu-
riously. (Liquid nitrogen boils at 77 K.)

d. A drill bit gets hot as it drills a hole in a metal
slab.

The specific “heat” of water is roughly constant
(within 0.2%) over a range from 5°C to 95°C, but
changes significantly near its freezing and boiling
points. Considering this, a change in temperature
from 373K to 373.5 K will likely be “sufficiently
small” that one can use equation C10.7 to calculate
accurately the thermal energy change of a certain
amount of water, T or F?

Objects A and B are made of the same substance,
but object A is twice as massive as B. Originally,
object A has a temperature of 100°C, and B has a
temperature of 0°C. If these objects are placed in
contact, they will eventually come to a common
final temperature Ty Assuming that these objects
are isolated from everything else, what is the value

of Tf? ‘

A. Ty =100°C

B. T > 50°C

CTr= 50°C

D. Ty < 50°C
-E. Ty =0°C

Which describes the relationship between the
energy E4 required to increase a 1000-kg car’s
speed from 0 to 23 m/s (about 50 mi/h) and the
energy Ep required to increase the temperature of
1 gal (~ 3.8 kg) of lemonade from refrigerator tem-
perature (=~ 5°C) to room temperature?

A Ex>» Ep

B. Ezg » E,4

C.E AR E B



