Physics 221, Fall 2009
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Quiz 6, Form: Date:
h=6.63x1073¢J.5=4.14x1071% eV -5
1eV=16x10"197]
Region Wavelength Frequency Energy
Gamma Rays < 0.001 nm > 10?0 Hz > 1 MeV
X-rays 10 nm — 0.001 nm | 3 x 10'® -1 x 10*0 Hz 124 eV — 1 MeV
Ultraviolet 400 nm - 10 nm 7.5 x 1014 — 3 x 1016 3.1-124 eV
Visible 750 nm — 400 nm | 4 x 101* — 7.5 x 10 Hz 1.65 - 3.1 eV
Infared 1 mm-750 nom | 0.003 x 104 - 4 x 1014 0.0012 — 1.65 eV
Millimeter Waves, Telemetry | 10 mm — 1 mm 30 — 300 GHz 12x107% - 1.2x1073 eV
Microwaves, Radar 187 mm — 10 mm 1.6 — 30 GHz 6.6 x107% —1.2x107° eV
TV and FM Radio 5.55 m ~ 0.187 m 54 — 1600 MHz 22x1077 ~6.6x107° eV
Short Wave 187 m - 555 m 1.605 — 54 MHz 6.6x1079 -22x1077 eV
AM Radio 600 m — 200 m 500 —~ 1500 kHz 2%x107% -6.6x1077 eV
Table 1: Electromagnetic Spectrum
Region Wavelength Frequency Energy
Violet | 440 nm — 400 nm | 6.8 x 10** - 7.5x 10* Hz | 2.8 -3.1eV
Blue | 480 nm-440nm | 6.3 x 10** — 6.8 x 10** Hz | 2.6 - 2.8 eV
Green | 560 nm — 480 nm | 5.4 x 10'* - 6.3 x 10* Hz | 2.2 -2.6 eV
Yellow | 590 nm — 560 nm | 5.1 x 10'* - 5.4 x 10'* Hz | 21 -2.2eV
Orange | 630 nm — 590 nm | 4.8 x 1014 - 5.1 x10'% Hz | 2.0-2.1eV
Red 700 nm — 630 nm | 4.3 x 10 ~ 4.8 x 10" Hz | 1.8 -2.0eV

Table 2: Visible Region of the Electromagnetic Spectrum



Section 1. Multiple Choice

Questions 1-3 pertain to the following situation. A
styrofoam cup contains 250 ml of water at 100 °C.
You observe that after 30 minutes, the temperature
is 25 °C. Define the water as the system. The spe-
cific heat capacity of water is 4190 J/kg/°C and its
density is 1 g/ml. Assume that no mass of water is
lost due to evaporation.

5. 1500 J is transferred to a system as a result of a
temperature difference between the system and
its surroundings. During the same time inter-
val, the change in the energy of the system is
1000 J. What is the work done on the system
during this time interval?
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1. What is the change in the thermal energy of the (b)  500J L= bR~ Q
system? (Be sure to get the sign correct.) (e} -2500J o _
(@) -105x105] AE =+ chT (d)  2500J TlOsy ~lgged
(b) —2.62x10*7J - @ ik )Cé;,gonr 'GQ} zero = —5aoT
() 2.62x 104 ] ~ =7, y{e w m *F 6. The amount of energy transferred to or from

—TE6x104S e, v

e) T7.86x10%J -

©) AR 3

2. What is the change in the energy of the sur-
roundings? (Be sure to get the sign cor-
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(8) -105x10°7 OF f;w, S s

a system as a result of a temperature differ-
ence between the system and its surroundings
is called

(a) work
(b)  mechanical energy
(

¢)  thermal energy
(d)) heat

—2.62 x 104 J BRI f (e)  total energy
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7.86 x 104 J

3. What is the change in temperature of the sur-

roundings?
@I’c cannot be determined from the given
information. ‘
(b) 75°C BE s~ o ::;u sorc
() —75°C [ 8\
(d) 25°C /} a7
(e)  100°C
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4. 1000 J of thermal energy is transferred 'to
1 kg of water which has a specific heat of
4190 J/kg/°C. The same amount of en-
ergy is transferred to 1 kg of antifreeze (ethy—
lene glycol) which has a specific heat of 2510
J/kg/°C. Which one’s temperature will in-
crease the most?

Lo
(a the water o e , .
(b)) the antifreeze 2 -/« j

(¢)  neither, their temper/atules will in-
crease by the same amount.

7. In class, a video of a ball-and-spring model of a
solid was shown. The balls, representing atoms,
were in a lattice and were oscillating. At any
instant, one can calculate the sum of the spring
potential energies of all bonds (springs) and the
kinetic energy of all atoms (balls). The sum of
the potential energy of all bonds and kinetic
energy of all atoms in the solid is the solid’s

(a)  heat
(b)  particle energy

@ thermal energy

(d)  rest energy

lgg *«(’g é g!" PrL )f‘ hoMQAE//yeO‘jJ (e) work

8. In one pot, you have 1.0 kg of water at a
temperature of 5°C and in another pot you
have 1.0 kg of water at a temperature of 30°C.
Which pot of water requires more energy to
raise its temperature to a final temperature of

50°C? coom BT hear BE
L).( £ } Lﬁ\//

s
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. the water at 5°C ¥

(b)  the water at 30°C ' “H gt

(c)  Neither, both will require the same en-
ergy to raise its temperature to a final
temperature of 50°C
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9. Which has more thermal energy, 0.1 kg of lig-
uid water at 100°C or 0.1 kg of gaseous water
(i.e. steam) at 100°C?

(a)  liquid water

gaseous water (steam)

(c) neither, because they have the same
thermal energy.
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10. Three students give their reasoning for the three
choices in the previous question:

Student 1: “Given that they have the
same mags and temperature, liquid water has
more thermal energy than steam because when
molecules are bound in a liquid, they have both
potential energy and kinetic energy. When
molecules are a gas, they only have kinetic en-
ergy. As a result, liquid water has a greater
thermal energy than steam.”

Student 2: “Given that they have the same
mass and temperature, steam has more ther-
mal energy than liquid water because some of
the liquid water molecules are bound to each
other. When they become unbound (by evapo-

. rating and becoming a gas), the molecules have
more kinetic energy and less potential energy,
so they have more total energy. As a result,
steam has a greater thermal energy than liquid
water.”

Student 3: “Given that they have the
same mass and temperature, liquid water and
gaseous water (steam) have the same thermal
energy because thermal energy depends on tem-
perature. Since the liquid water and steam have
the same temperature, then they have the same
total energy.”

Which student’s reasoning is physically cor-
rect?

(a) Student 1 (
@ Student 2 —7 A A St 1,
(¢}  Student 3

11.

12.

13.

14.

Hydrogen is in its second excited state. What
is its energy level, n? Warning: this can be

tricky. a2 22 o e ifedd S AN
@ 1 "
b) 2 —_ o fooned T2
@ 3
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A hydrogen atom is in the state n = 2.
Monochromatic light of energy 1.0 eV shines
on the atom. If it absorbs a photon, what state

will it be in? ‘—-‘ﬁf_ﬁu_‘ —3Yel/
@ 1 v 2
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@ It will remain”in the state n = 2 be-

cause hydrogen in this state will not
absorb a photon of energy 1.0 eV.

For the previous question, suppose that
monochromatic light of energy 2.86 eV shines
on the atom. If it absorbs a photon, what state

will it be in? - o
fv = 055
(a) 1 - - O‘S”Lf{‘/ &Vl
(b) 3 ' y
@ 4 |F-E]= 26
5 = Bplato—

It will remain in the state n = 2 be-
cause hydrogen in this state will not
absorb a photon of energy 2.86 V.
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‘What is the minimum energy required to ionize
a hydrogen atom that is in the state n=27 (To
ionize the atom means that the electron escapes
the proton and becomes unbound.)

(a) 1.51eV E - —3.Yel
3.4 eV
(c) 102eV , £
" {A‘ b B —C/
(d)  12.09 eV =0 v @5
(e) 13.6eV £ escale .
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Questions 15-17: A hypothetical atom has the fol-  19.
lowing energy states and can initially be in any of
the states.

e O,
-0.6 €V (third excited state) y
-1.4 eV (second excited state) :D%—j"‘“:‘ ~ 1A
-2.8 eV (first excited state) N Y - %

-4.7 eV (ground state)
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15. What is the highest energy photon that it can

emit? %7%‘@' ~ ].3eV

(a) 22eV ¢ ~pH =2, 5V
(b) B53eV o i 2 YV
() 756V 1y —ee Ny
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16. How many different emission lines would occur
in the spectrum for a gas of these atoms?

(a 9 (o S pece g Fiona
(b) 2 o
(C) 4 6)6(55 ‘ é CQ_
(d) 3
6

17. How many of the emission lines would be in the
visible region? (1.8 eV - 3.1 eV)
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none are in the visible region

18. If a hydrogen atom transitions from the n=2
state to the n=1 state, what kind of photon is

emitted? /; I RV
(a) xray —2

uv oo —i4Ge?
¢) visible (

(d) radio \}AEK = 1eteV
(&) IR
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20.

21.

An electron collides with a hydrogen atom that
is in its ground state. If the kinetic energy of the
electron is 11.0 eV just before it collides with
the hydrogen atom, how much kinetic energy
would the electron have after the collision if it
excites the hydrogen atom into a higher energy

tate? v/
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An NO molecule (nitrogen monoxide or nitric
oxide) can be modeled as a harmonic oscillator.
If the molecule gains energy, its frequency of

oscillation _ , 6{ P
(a)  increases = fees oo f/”@“
(b}  decreases PO

‘remains the same

For the NO molecule in the previous question,
if the molecule gains energy, the amplitude of

its oscillation
.
E =+ ki

increases
(b)  decreases
(¢)  remains the same

[ F/ fz/“ Z'e v



Awte ! K:’-“{A}:Td (= “5;’; Ja 5:1“5{

: - j%., =7/ N
N R VES \“z} Viey, = |2 (0,{?,~§~’; = Ouf

L{” R
Questions 22-24: A simple harmonic oscillator con-  24. When the spring is stretched 0.005 m, what is
sists of a mass of 0.1 kg on a vertical spring of stiffness its speed? ~
15 N/m. It oscillates about equilibrium with an am- [ .=k f
. ' (a)  0.061 m/s ¢ N
plitude of 0.01 m. 2.5 xa T
(b)  0.25m/s (/(( s £ = 7
» f ~ £ .
(¢)  0.033 ms/ S wea -+ k(focas
22. What is the total energy of the oscillator? (d) 0.085 m/s KS ; 7 S)f Py Y_. [.8T < o L/:

(b) 50x107% J £=1

() 50x10767J ) ,L\Q\/-\VL 0.1 m/s V2 fﬂm‘_\‘—&

25. Which of the graphs below shows the.p
75%x1074 J = Ji ClS“ ) (a0 D energy of two neutral atoms bound together in
@ 0987 - s XK:L/j_ a molecule.
(e) 0.098J 1 K \]/
|
23. What is the speed of the object when it passes 1 ﬁ
through the equilibrium point? ’ 2 Po3 4
(a) 195 m/s KM&K = (a) 1
(b) 0.51m/s Al “L ~ (b) 2
TV, T -
(¢) 0.26 m/s b7 3
@) o012mys J  =oauz @ 4
(e)  0.06 m/s ey ® (e)  None of the above



Section 2. Problem Solving

26. A child’s pogostick consists of a stiff spring at the bottom of the stick. You use video analysis to study
a child jumping up and down on the pogostick. At his lowest point, when the spring is maximally ) 4 o
compressed, the spring is compressed 0.05 m. When the child is at his peak, he is 4 %1 above his
lowest point. The mass of the child and pogostick together is 35 kg. A simplified model of the situation
is shown below, where the child and pogostick are treated as a single particle.

f y=03m \/E:O
j[ L O
g s %u« = bkd j S/Tz ; Lot T e
y=0m \/'-:_"O
.,X—

i §=.05m j{«f =©

— 3,08
Se = O g

5
Figure 1: A model of a child on a pogostick.

(a) What is the potential energy of the spring at the child’s lowest point? (Note: use conservation of
energy.)
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(b) What is the stiffness of the spring?




27. 0.5 kg of water at 100°C is poured into a 0.25-kg glass mug (cgiass = 840 J/kg/K) at 20°C.

(a) What will be the equilibrium temperature of the system if the system is thermally insulated from
its surroundings?
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(b) What is the change in thermal energy of the coffee?
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(c) What is the change in thermal energy of the mug?
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28. (a) An acrobatic ski jumper in the X-Games uses the jump shown below. She starts from rest at an
elevation of 50 m above the base of the ramp. The height of the ramp above its base is 8 m. What is
the speed of jumper at the top of the jurmp if the snow is frictionless? The skier’s mass, including skis,

is 70 kg. (oenp,

@‘y:som S\/QQM ~ ki + Fate

Figure 2: A ski jump.
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Thus, her actual speed is less than the speed calculated in part (a).

(b) Snow is not frictionless.
Suppose that using video analysis, you calculate her speed at the top of her jump to be 15 m/s? What

is the change in thermal energy of the skier, snow, and air as a result of friction and air resistance?
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Section 3. Lab

29.

30.

A graph of spring potential energy and total energy as a function of distance stretched from equilibrium
for a harmonic oscillator is shown below. z = 0 is defined to be a the position of the object when the
spring is unstretched. The mass of the object is 0.1 kg.

. . potential energy vs. position
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Figure 3: U, E vs. x for a harmonic oscillator.

(a) On the above set of axes, sketch a graph of K vs. x for the harmonic oscillator.
Keteh a graphl

(b) What is the amplitude? / A - 0.0 Zanl o ulee. B L0

"

(c) What is the total energy’

(e) When the object is at = 0.015 m, what is the kinetic energy of the system, as determined from
the graph? Describe how you obtain this from the graph? Your answer may be approximate since you
will get it from the graph. ¥ = F~tA ﬁ)v coe Fro pardreel loes drern e

T 0.0e5 =a.dad = [,00 ll’i
(f) Determine the kinetic energy for the previous questlo% lpebraially and show that your answer to
() is approximately correct. [ = 4 (2_{>C5-0 ) = 0.e928 T

M a8
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(a) The bright green emission line for Mercury from the fluorescent bul s usad to calibrate

the hand-held spectrometer has a wavelength of 546 nm. What is the frequency of this line? (i.e. the
frequency of the emitted photon) SYG6 s = § '{Ca <l Can

- C
=X oY ¥ (2,2.76\//
(b) What is the energy of the emltted p%loton in eV7

(c) Did the energy of the Mercury atom increase ort decrease 3s a result of emitting the green photon?
;gr‘ TN T av;[\- y & }b/\ ] bE&,@% S ')_rq E gﬁ(‘n@,@,ﬂecf‘_

(d) What physicist suggested that light is a particle and called it a photon and proposed that its energy

is E = hf?
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