Physics 221 Name:
Quiz 5 — chapters 5 and 6, Form: Date:

Section 1. Thermal Energy

1. Aluminum has a heat capacity per gram of 0.9 J/K/gram and copper has a heat capacity per gram
of 0.39 J/K/gram. If 10 grams of aluminum and 15 grams of copper are both warmed 10 ° C, which
material gains more thermal energy?

2. Explain the difference between the change in the thermal energy of a system, AFE;perm and energy
transferred to the system thermally Q7

3. A 20-kg child slides down a 3-m long slide that is inclined at an angle of 30 ° . She’s a little fearful, so
she presses her presses her feet and hangs against the sides of the slide in order to maintain a constant
speed. If the child-slide system is thermally isolated (that is, @ = 0), what is the change in the internal
energy (chemical and thermal energy) of the child-slide system as she slides from the top to the bottom
of the slide?



4. Suppose the same child in the previous question has a little more courage and accelerates down the
slide. If she starts from rest and has a speed of 2.0 m/s at the end What is the change in the internal
energy (chemical and thermal energy) of the child-slide system?

5. You drop a 0.1-kg object from the roof of Hayworth Hall of Science and measure its terminal speed to
be 4.0 m/s. If it starts from rest and falls a distance of 50 m, what is the change in the thermal energy
of the object and air?

6. Suppose that half of the change in the thermal energy of the system is the change in the thermal energy
of the object and the other half is the change in the thermal energy of the air. If the heat capacity of
the object is 1.1 J/gram/K, what will be its change in temperature as a result of falling through the
air?

Section 2. Quantized energy states

Questions 7-11: HCI is a diatomic molecule that can be modeled as two balls connected by a spring—a
quantum oscillator. Experiments indicate that the spring constant k of the bond is 480 N/m. Assume the
mass to be about 1 x 10727 kg.



7. Describe the three types of quantized energy that give rise to various energy states for a diatomic
molecule.

8. Determine the energies of the two lowest-energy vibrational states, in units of eV.

9. For each energy state, determine the amplitude of vibration if the atoms can be modeled as oscillating
classical particles.

10. What energy photon is absorbed if the molecule transitions from the ground vibrational state to the
first excited vibrational state?



11. What is the change in the amplitude of vibration if the molecule transitions from the ground vibrational
state to the first excited vibrational state?

You shine continuous IR light on atomic Hydrogen gas and study the light that gets absorbed by the gas.

12. Which are the four lowest energy photons that will be absorbed by atoms that are in the second excited
state?

13. What energy is required to ionize a hydrogen atom that is in the second excited state?

14. What happens to a 0.4-eV photon that is incident on the gas?



Answer Key for Exam

Section 1. Thermal Energy

1. AEAl =mCAT =90 J

AEc, =mCAT =585 ]

Therefore, Al gains more energy.

2. AFE¢perm is due to a change in temperature or phase for the system. Even a closed system can have a
change in thermal energy. @ is due to energy transferred by thermal means, via conduction or radiation
for example, from the surroundings to the system.If @ is not 0, then the system is definitely an open
system. @@ may be transferred to the system even if the system’s thermal energy does not change.

3. Define the system to be the child, earth, and slide. Neglect the force of air on the system and neglect
energy transferred thermally to the system. Thus, W =0and Q =0. AE=W +Q
AK 4 AUgrqy + AE;p: where the change in internal energy includes chemical energy and thermal
energy changes in the system.
04+ mgAy + AFE;; =0
AE;p; = —mgAy = —(20)(9.8)(—1.5) =294 J

4. Define the system to be the child, earth, and slide. Neglect the force of air on the system and neglect
energy transferred thermally to the system. Thus, W =0 and @ = 0.

AE=W+Q

AK 4 AUgpqv + AE;y,, where the change in internal energy includes chemical energy and thermal
energy changes in the system.

1/2mv]2c —1/2mv? + mgAy + AE;,; =0

AEin; = —1/2mv} + —mgAy = —40 + —(20)(9.8)(—1.5) = 254 J

5. Define the system to be the object, air, and earth. Neglect external forces and energy transferred to
or from the system via thermal mechanisms (W =0 and @ = 0).

AE=W+Q

AK + AUgray + AEiperm where the change in thermal energy includes the air and object.
1/2mv12t —1/2mv? + mgAy + AEherm =0

AEiherm = —1/2mv} + —mgAy = —0.8 + 49 = 48.2 J

(0.5)(48.2) = 24.1 J , the change in thermal energy of the object
AEgpject = mCAT = 0.482

_ 24.1 _ o
~ (100 grams)(1.1J /gram/K) 0.22°C

Section 2. Quantized energy states



10.

11.

12.

13.

14.

Electronic energy is the energy associated with the electrons’ configuration and ave distance from the
nuclei.

Vibrational energy is the energy associated with vibration /oscillation—spring potential energy (1/2kA?).

Rotational energy is the energy associated with rotational motion.

E = NFLUJO + EO where EQ = 1/2th

Eo = 1/2h\/k/m = 1/2(6.56 x 10716)(6.928 x 101%) = 0.227 eV
Ey = 3/2hwy = 0.682 eV

E =1/2kA?

A= \/Q,f = |/ 202006e219) — 193 % 10-11 m for By A =213 x 10! m for B,

AFE = Fy = Ey = 0.455 €V which is in the infrared region of the spectrum.

AA = 0.9%x10~" m which is approximately 73% of Ag. Thus, A increases by 73% due to the absorption
of the photon.

AE; 3 =—0.86— (—1.51) = 0.65 eV
AEs_3 = —0.54 — (—1.51) = 0.97 eV
AEg_3 =—0.378 — (=1.51) = 1.13 eV
AFE;_5=—-0278 — (—1.51) = 2.23 eV

FE3=—-1.51eV

The energy required to ionize the atom is the minimum energy required to strip the electron so that it
can be separated an infinite distance away and not be moving. This energy state is £ = 0. The change
in energy required is 0 — (—1.51) eV, or 1.51 eV.

Nothing. It just passes through the gas and is not absorbed because it does not correspond to a change
in energy between any two energy states for H. For example,

AEQ_l =10.2 eV
AE3_2 =19eV
AEg_l =12.1eV

Transitions from N=1 a higher level are all bigger than 4 eV. Transitions from N=2 to higher levels
are all less than 4 eV. Transitions from N=3 to higher levels are all less than 4 eV.



