國立中山大學102學年度普通物理(一)期末考               103.01.15

答題須知：

一、請由答題紙第六列開始填寫，並標明題號。考試時間為19：00~21：30，20：00以後方可交卷。

二、請詳述相關物理觀念及計算過程，記得寫上單位，建議以M.K.S制表示。

1. (10%) A simple harmonic oscillator consists of a block of mass 2.00 kg attached to a spring of spring constant 100 N/m. When t = 1.00 s, the position and velocity of the block are x = 0.129 m and v = 3.415 m/s. (a) What is the amplitude of the oscillations? What were the (b) position and (c) velocity of the block at t = 0 s?
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2. (12%) A pendulum is formed by pivoting a long thin rod about a point on the rod. In a series of experiments, the period is measured as a function of the distance x between the pivot point and the rod’s center. (a) If the rod’s length is L = 2.20 m and its mass is m = 22.1 g, what is the minimum period? (b) If x is chosen to minimize the period and then L is increased, does the period increase, decrease, or remain the same? (以棒為中心的轉動慣量為
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3. (10%) Figure 1 shows a pattern of resonant oscillation of a string of mass m = 2.500 g and length L = 0.800 m under tension τ = 325.0 N. (a) Find the frequency of the transverse waves. (b) What is the maximum of the transverse velocity um of the element oscillating at coordinate 
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Fig. 1
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4. (10%) In Fig. 2, your clock radio awakens you with a steady and irritating sound of frequency 600 Hz. One morning, it malfunctions and cannot be turned off. In frustration, you drop the clock radio out of your fourth-story dorm window, 15.0 m from the ground. Assume the speed of sound is 343 m/s. As you listen to the falling clock radio, what frequency do you hear just before you hear it striking the ground? [Note that we regard the clock radio as a point particle and the gravitational constant g = 9.80 (m/s2).]
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5. (12%) A sphere of radius 0.500 m, temperature 27.0o C, and emissivity 0.850 is located in an environment of temperature 77.0o C. At what rate does the sphere (a) emit and (b) absorb thermal radiation? (c) What is the sphere’s net rate of energy exchange? Stefan-Boltzmann constant 
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6. (10%) An ideal monatomic gas initially has a temperature of 330 K and pressure of 6.00 atm. It is to expand from volume 500 cm3 to volume 1500 cm3. If the expansion is isothermal, what are (a) the final pressure, and (b) the work done by the gas?
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7. (15%)[image: image14.wmf]3.80 mol

n

=

 One mole of an ideal diatomic gas goes from a to c along the diagonal path in Fig.3. Where have pab = 5.0 kPa, pc = 2.0 kPa, Vbc = 4.0 m3 and Va = 2.0 m3. During the transition, (a) what is the change in internal energy of the gas, and (b) how much energy is added to the gas as heat? (c) How much heat is required if the gas goes from a to c along the indirect path abc?
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8. (10%) Suppose 1.00 L of an ideal monatomic gas initially 
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gas is then cooled to 
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 at constant pressure, what is its final volume?
9. (11%) What is the entropy change for 3.80 mol of an ideal monatomic gas undergoing a reversible increase in temperature from 380 K to 425 K at constant volume?
[image: image17.png]






【解】可逆過程之熵變化� EMBED Equation.DSMT4  ���為 � EMBED Equation.DSMT4  ���


      等容過程 � EMBED Equation.DSMT4  ���


               � EMBED Equation.DSMT4  ���


               � EMBED Equation.DSMT4  ���


      ∴     � EMBED Equation.DSMT4  ���


                � EMBED Equation.DSMT4  ���, 


                Tf = 425 K, Ti = 380 K, � EMBED Equation.DSMT4  ���


       � EMBED Equation.DSMT4  ��� 


  或   � EMBED Equation.DSMT4  ��� = 5.30 J/K





� QUOTE � ��


According to the parallel-axis theorem, its rotational inertia when it is pivoted a distance d from the center is � QUOTE � ��� (2分)


The period of the pendulum is given by� QUOTE � ��� EMBED Equation.3  ��� 


   � QUOTE � �� � EMBED Equation.3  ��� (2分)


To find Tmin , we use � QUOTE � ��� (2分)


So � QUOTE � ��� (3分)





If x is chosen to minimize the period, then as L is increased the period will increase as well. (3分)





The angular velocity � QUOTE � ��� (1分)


� QUOTE � ���


� QUOTE � ���


   Dividing Eq. (2) by Eq. (1), we obtain


   � QUOTE � ���


   � QUOTE � ��� 


Plugging this back into Eq. (1) leads to


   � QUOTE � ���


� QUOTE � ��� (3分) (單位1分)





at t = 1.00 s and � QUOTE � ���


� QUOTE � ��� (1分)


When t = 0 s, we get � QUOTE � ��� (2分) (單位1分)





� QUOTE � ��� (3分)





已知�EMBED Equation.3���=1.67. �


(a) For adiabatical process, �EMBED Equation.3���  [1%]


�EMBED Equation.3���atm (=3.18 atm)  [3%]


(b) Similarly, �EMBED Equation.3���(=458.22K)  [3%]


(c) When p1 = p2, �EMBED Equation.3���L (=0.3L)  [3%]





(a) 由equipartitiom of energy:


�EMBED Msxml2.SAXXMLReader.5.0���   [2%]


 The degrees of freedom for a diatomic gas is f = 5. The internal energy change is


�


[3%]


(b) 在 pV diagram, the diagonal path  a(c為線性路徑, the work is


�  [1%]


�= 7.0×103 J  [1%]


From the first law of thermodynamics;


�  [3%]





(c) Eint only depends on the initial and final states, 與路徑無關.故a(b(c, internal energy change �與a(c相同. [1%] 做功b(c, W=0 [1%]


� [1%]


From the first law of thermodynamics


�  [2%]





【解】� EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���.


      在等溫過程 � EMBED Equation.DSMT4  ���, 


理想氣體狀態方程� EMBED Equation.DSMT4  ��� � EMBED Equation.DSMT4  ���


末後壓力 � EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


     � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


W = PiVi ln3 = (303.9 J)(1.0986) = 334 J





【解】   � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���


          球之半徑    � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���


球之表面積 � EMBED Equation.DSMT4  ���


輻射熱之發射率為


       Prad = ( eATsph4


          � EMBED Equation.DSMT4  ��� 


          � EMBED Equation.DSMT4  ���


          � EMBED Equation.DSMT4  ���





輻射熱之吸收率為


Pabs = ( eATenv4


� EMBED Equation.DSMT4  ���


        � EMBED Equation.DSMT4  ���


     � EMBED Equation.DSMT4  ���





球之輻射熱淨吸收率為


   � EMBED Equation.DSMT4  ���


  





[sol]


The falling clock radio is a free falling particle and we can find the speed just before striking the ground using � EMBED Equation.3  ��� with � EMBED Equation.3  ��� [2%]


� EMBED Equation.3  ��� [3%]


Next, determine the Doppler-shifted frequency heard from the falling clock radio.


� EMBED Equation.3  ��� [5%]





[sol]





� EMBED Equation.3  ��� … (1)


From Fig. 1, we have the wavelength � EMBED Equation.3  ��� = 0.400 m. … (2) [1%]


The speed of transverse wave � EMBED Equation.3  ��� where � EMBED Equation.3  ��� is the tension and � EMBED Equation.3  ��� is the linear mass density. Thus we get � EMBED Equation.3  ���. … (3) [3%]


Let (2) and (3) in (1), � EMBED Equation.3  ��� [1%]








Wave function of standing waves: � EMBED Equation.3  ���. [1%]


The transverse speed � EMBED Equation.3  ���. [1%]


Maximal transverse velocity � EMBED Equation.3  ���. … (4) [1%]


Find � EMBED Equation.3  ���and ym to evaluate eq. (4).


� EMBED Equation.3  ��� [1%]


� EMBED Equation.3  ���. [1%]





� EMBED Word.Picture.8  ���


Fig. 3
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