國立中山大學99學年度普通物理(一)期末考               100.1.12

答題須知：

一、作答時，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、請詳列相關公式及計算過程，記得寫上單位，並以M.K.S制表示。
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[共12%] In Fig. 1, two identical springs of spring constant k are attached to a block of mass m on the frictionless floor. 

(a) (6%) Find the differential equation of simple harmonic motion for the present case. 

(b) (6%) Find the frequency of oscillation.

[image: image11.wmf] 


2. [共16%][image: image12.wmf] 

 In Fig. 2, a physical pendulum consists of a uniform solid disk of mass M and radius R supported in a vertical plane by a pivot (樞軸) located a distance d from the center of the disk. The disk is displaced by a small angle and released.

(a) (4%) Express the moment of inertia of the disk about the pivot.

【提示：ICM = MR2/2】

(b) (4%) Find the differential equation of simple harmonic motion for the present case.

(c) (4%) What is the period of the resulting simple harmonic motion?

(d) (4%) As far as its period of oscillation is concerned, the mass of a physical pendulum can be assumed to be concentrated at the distance L0 from the pivot. Find the center of oscillation L0? 

[image: image13.wmf] 


3. [共8%] The differential equation for a damped simple harmonic motion is


[image: image170.emf].

The solution of this equation is

x(t) = xme-bt/2m cos((( t + (),

where xm is the amplitude and (( is the angular frequency of the damped oscillator. 

(a) (4%) At t = 0, ( = 0, write down the magnitude of the total mechanical energy.

(b) (4%) Take b = 0.07 kg/sec, m = 0.25 kg, and k = 85 N/m into calculations. How long does it take for the mechanical energy of the oscillation to drop to one-half of its initial value.

[image: image14.wmf] 


4. [共12%] A generator at one end of a very long string creates a wave given by
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and a generator at the other end creates the wave
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Calculate the (a) wavelength, and (b) speed of each wave. For x ( 0, starting from the description of the superposition of waves, what is the location of the node having the (c) smallest value of x? For x ( 0, what is the location of the antinode having the (d) second smallest value of x?

【Hint: cos A＋cos B = 2cos[
[image: image4.wmf]2
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5. [共9%] (a) Write down an expression of sinusoidal wave function for a traveling wave. A sinusoidal wave of frequency 500 Hz has a speed of 320 m/s. (b) How far apart are two points that differ in phase by (/3 rad? (c) What is the phase difference between two displacements at a certain point at times 1.00 ms apart?
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6. [共12%] Two trains are traveling toward each other at 30.5 m/s relative to the ground. One train is blowing a whistle at 500 Hz. (a) What frequency is heard on the other train in still air? (b) What frequency is heard on the other train if the wind is blowing at 30.5 m/s toward the whistle and away from the listener? (c) What frequency is heard if the wind direction is reversed? Assume the speed of sound in still air is 343 m/s.
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 Hot fluid passes through a cylindrical pipe of length L with inner radius a and outer radius b; the thermal conductivity of the pipe is (; see Fig. 3.
(a) (5%) Express 
[image: image6.wmf]dt

dQ

, the rate at which heat is transferred through the pipe, for the present case. (Hint: Note that the temperature gradient may be written as [image: image8.png]dT/dr



 and that the heat flows through an area 2πrL.)
(b) (5%) Show that 
[image: image9.wmf]dt

dQ

, the rate of heat conduction from the inner to the outer of the pipe wall is

[image: image10.wmf] 


where Ta and Tb are the temperatures at the inner and outer surfaces, respectively. 
[image: image20.wmf] 
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 Two moles of an ideal diatomic gas, with rotation but no oscillation, are taken around the reversible cycle of Fig. 4. Find: 
(a) (6%) the work done by gas in each segment; 
(b) (6%) the heat absorbed or rejected for the a ( b and c ( a process; 

(c) (4%) the change of the entropy for the a ( b process.

【R = 8.314 J(mol-1(K-1 = 0.082 atm(liter(mol-1(K-1】
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9. [共20%] A diatomic ideal gas, with rotation but no oscillation, in an adiabatic cylinder is forced to expand from (Pi = 1 atm, Vi = 1 liter, Ti = 300 K) to (Pf, Vf = 10 liter, Tf ) as shown in the right figure. [Please calculate or describe in detail for all problems.]
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 Please calculate the CV of this diatomic ideal gas.

(b) (5%) What is the ( of the gas in an adiabatic process?

(c) (5%) What is the final pressure Pf of the cylinder?

(d) (5%) What is the final temperature Tf of the gas in the cylinder?

【R = 8.314 J(mol-1(K-1 = 0.082 atm(liter(mol-1(K-1】

[image: image24.wmf]0

2

)

2

(

I

Mgd

T

=

\

p

[image: image25.wmf]2

/

1

2

2

2

/

1

2

2

2

/

1

0

)]

2

1

(

1

[

2

)

2

1

1

(

2

)

(

2

d

d

R

g

Md

Md

MR

g

Mgd

I

T

+

×

=

+

=

=

\

p

p

p

[image: image26.wmf]d

d

R

L

2

2

0

2

1

+

=


Fig. 1





Fig. 2





Mg





(





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





Fig. 3
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Fig. 4





O





CM








CM





� EMBED Word.Picture.8  ���





m向右移動x，則左方彈簧伸長x，而對m產生向左拉力FL = - kx，右方彈簧受壓縮而產生向左推力FR = - kx，故由牛頓第二定律得


F = FL + FR = -2kx              (3%)


但� EMBED Equation.3  ���          (1)  (3%)





(1)式可寫成� EMBED Equation.3  ���


其解為  x = xm cos (( t - ()，其中xm = 振幅，( = 相位常數


( =角頻率=� EMBED Equation.3  ���                 (3%)


但 ( = 2(f


(� EMBED Equation.3  ���                   (3%)





� EMBED Word.Picture.8  ���





由Fig. 2，圓盤對通過O點軸轉動之轉動慣量為Io = Icm + Md2= MR2/2+ Md2  (4%)





� EMBED Equation.3  ���  ((很小)


� EMBED Equation.3  ���      (4%)


【I代錯，觀念對給2分】





� EMBED Equation.3  ���� EMBED Equation.3  ���


� EMBED Equation.3  ���(4%)


【I代錯，觀念對給2分】





令� EMBED Equation.3  ���，則� EMBED Equation.3  ���，振動中心點在距O點� EMBED Equation.3  ���處(4%)


【I代錯，觀念對給2分】


























公式：� QUOTE � ���　, 此時Ａ＝２� QUOTE � ���ｒＬ , � QUOTE � ���


�  (5%)


【絕對值 (dQ/dt( 給分，無負號扣1分】








�


�


�  (5%)


【無負號扣1分】























� EMBED Equation.3  ���              (2%)


� EMBED Equation.3  ���                         (2%)


Wca = 0                                                              (2%)


【無單位或標示錯誤扣1分】


� QUOTE � ��


� EMBED Equation.3  ���  absorbed (3%)


� EMBED Equation.3  ��� absorbed (3%)


【無單位或標示錯誤扣1分，未標示absorbed扣1分】





� EMBED Equation.3  ���                                      (4%)


【無單位或標示錯誤扣1分】








聲源速度� EMBED Equation.DSMT4  ���, 聽者的速度� EMBED Equation.DSMT4  ���與風速� EMBED Equation.DSMT4  ���之大小皆為30.5m/s.


聲源頻率� EMBED Equation.DSMT4  ���Hz, 聲速� EMBED Equation.DSMT4  ���m/s.


根據都卜勒效應, 聽者接收到的頻率� EMBED Equation.DSMT4  ���與聲源的頻率� EMBED Equation.DSMT4  ���間的關係為:


               � EMBED Equation.DSMT4  ���                                     (2%)


式中各種速度之符號規定為


   聲速永遠取正號. 


   � EMBED Equation.DSMT4  ���及� EMBED Equation.DSMT4  ���的方向若從聽者L指向聲源S時,  取正號.


   � EMBED Equation.DSMT4  ���及� EMBED Equation.DSMT4  ���的方向若從聲源S指向聽者L時,  取負號.                 (1%)


(a)     � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���→        ←� EMBED Equation.DSMT4  ���


    (          (      � EMBED Equation.DSMT4  ��� Hz  (3%)


S          L 





(b)    


� EMBED Equation.DSMT4  ���  � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���→        ←� EMBED Equation.DSMT4  ���


(          (    � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���


S          L       � EMBED Equation.DSMT4  ��� Hz          (3%)


   


(c)  


  � EMBED Equation.DSMT4  ���  � EMBED Equation.DSMT4  ���


  � EMBED Equation.DSMT4  ���→        ←� EMBED Equation.DSMT4  ���


(          (  � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���


S          L     � EMBED Equation.DSMT4  ��� Hz            (3%)


       


          





(c) 若介質中某一點的相位增加� EMBED Equation.DSMT4  ���經過� EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���(ms)的時間, 則


        � EMBED Equation.DSMT4  ���


                  � EMBED Equation.DSMT4  ���        


∴ � EMBED Equation.DSMT4  ��� 


     � EMBED Equation.DSMT4  ��� rad                (3%)


          -----------------------------------------------------------------------------


          或由� EMBED Equation.DSMT4  ���


              � EMBED Equation.DSMT4  ���


                        � EMBED Equation.DSMT4  ���


            � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ��� rad


          --------------------------------------------------------------------------------------


           或由� EMBED Equation.DSMT4  ���


               � EMBED Equation.DSMT4  ���


                         � EMBED Equation.DSMT4  ���


               � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ��� rad


(b)及(c)小題也可由以下方法計算:


     (b) 由於波行進一個波長� EMBED Equation.DSMT4  ���的距離, 相位增加� EMBED Equation.DSMT4  ���(rad).


        故相位增加� EMBED Equation.DSMT4  ���(rad)時, 行進的距離為


� EMBED Equation.DSMT4  ��� m


       (c) 由於同一位置的質點, 經過一週期T的時間, 相位增加� EMBED Equation.DSMT4  ���(rad).


          故時間增加1(ms)時, 相位增加之量((為


� EMBED Equation.DSMT4  ���





(a) 行進波波函數常用的型式為


                 � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���    (3%)


   以上函數也可用餘弦函數予以表示.


   式中, � EMBED Equation.DSMT4  ���為介質中的質點相對平衡點的位移, v為波的行進速度, � EMBED Equation.DSMT4  ���為波長,


  T為週期, � EMBED Equation.DSMT4  ���為振幅, � EMBED Equation.DSMT4  ���為波數, � EMBED Equation.DSMT4  ���為角頻率, f為頻率.


   已知� EMBED Equation.DSMT4  ��� Hz,  � EMBED Equation.DSMT4  ��� m/s, 


故� EMBED Equation.DSMT4  ��� m,    � EMBED Equation.DSMT4  ��� rad/m,


� EMBED Equation.DSMT4  ��� rad/s,       � EMBED Equation.DSMT4  ��� s


此波之波函數可寫成 � EMBED Equation.DSMT4  ���


(b) 若波行進� EMBED Equation.DSMT4  ���(m)之距離, 相位增加� EMBED Equation.DSMT4  ���(rad), 則


        � EMBED Equation.DSMT4  ���=� EMBED Equation.3  ���


        ∴ � EMBED Equation.DSMT4  ���  (  � EMBED Equation.3  ���= 0.107 m   (3%)


-------------------------------------------------------------------------------


          或由� EMBED Equation.DSMT4  ���


              � EMBED Equation.DSMT4  ���


                 � EMBED Equation.DSMT4  ���  (  � EMBED Equation.3  ���= 0.107 m


     ----------------------------------------------------------------------------


     或由� EMBED Equation.DSMT4  ���


         � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���


            � EMBED Equation.DSMT4  ���  (  � EMBED Equation.3  ���=0.107 m





已知二行進波函數為: 


 � EMBED Equation.DSMT4  ���


        � EMBED Equation.DSMT4  ���


可化成以下型式:


 � EMBED Equation.DSMT4  ���


        � EMBED Equation.DSMT4  ���


與以下之典型行進波函數作比較


        � EMBED Equation.DSMT4  ���     (        � EMBED Equation.DSMT4  ���,    � EMBED Equation.DSMT4  ���


得 (a)波長


         � EMBED Equation.DSMT4  ��� rad/m   (  � EMBED Equation.DSMT4  ��� m       (2%)


(b)速率


             � EMBED Equation.DSMT4  ��� m/s                    (2%)


二波在同一介質中行進時, 由干涉作用產生的合成波為


             � EMBED Equation.DSMT4  ���                 (1%)


                  � EMBED Equation.DSMT4  ���           (1%)


(c)在波節的位置, � EMBED Equation.DSMT4  ���


              � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���,  � EMBED Equation.DSMT4  ���


【無此說明不給分】


             當� EMBED Equation.DSMT4  ���時, � EMBED Equation.DSMT4  ��� m為波節最近的位置 (3%)


(d) 在波腹的位置, � EMBED Equation.DSMT4  ���


              � EMBED Equation.DSMT4  ���,  � EMBED Equation.DSMT4  ���,    � EMBED Equation.DSMT4  ���


【無此說明不給分】


                  當� EMBED Equation.DSMT4  ���時, � EMBED Equation.DSMT4  ��� m, 為波腹次近的位置    (3%)





For a diatom, there are three translational and two rotational degrees of freedom. (3%)


【只寫出自由度為5，給1分】


Each diatom has � EMBED Equation.3  ��� of internal energy. Therefore, the total internal energy of one mole of diatom gas is � EMBED Equation.3  ��� and CV =� EMBED Equation.3  ���.(2%)


∵CP－CV = R for an ideal gas ( ∴ CP = � EMBED Equation.3  ���(2%)


∵( =� EMBED Equation.3  ���(2%)∴( =� EMBED Equation.3  ���(1%)� EMBED Equation.3  ���


Because the forced expansion is an adiabatic process, the initial and final conditions follows  


Pi Vi( = Pf Vf(                          (2%)


PA VA7/5 = Pfinal (10 VA )7/5


(1 atm) VA7/5 = Pfinal (10 VA )7/5   (計算過程2%)


Pfinal = � EMBED Equation.3  ��� atm   【最後結果(含單位)1%】


After the adiabatic expansion, the diatomic ideal gas still needs to follow the ideal gas equation:


Pfinal Vfinal = nR Tfinal     (2%)


Tfinal = � EMBED Equation.3  ���


【計算過程2%，最後結果(含單位)1%】





【先利用TV(-1 = constant解出Tf，再利用PV = nRT解出Pf也對】





已知damping simple harmonic motion之解為


x(t) = xm e-bt/2m cos((( t+()


在開始時(t = 0)之振幅為xm，故機械能為kxm2/2。           (4%)





在t = t秒時，振幅為xm e-bt/2m，其振盪之機械能減為開始時機械能之半，則


� EMBED Equation.3  ���        (2%)


� EMBED Equation.3  ���(2%)


(註：ln 2 = 0.693)
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