國立中山大學100學年度普通物理(一)期末考         101.01.11

答題須知：

1、 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。

2、 請詳列相關公式及計算過程，記得寫上單位，建議以M.K.S制表示。遇力學題目時，請畫出力學圖解圖，未畫者將扣分。
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(10%) The block with mass m in Fig. 1 has edge length d and is mounted on an axis through its center. A spring with spring constant k connects the cube’s upper corner to a rigid wall. Assume the rotating angle is small enough such that the cube behaves as the simple harmonic motion (SHM). What is the period of the resulting SHM? (Useful information: rotational inertia of the block is 
[image: image114.wmf] 

md2)

[image: image12.wmf] 


2. [image: image13.wmf]S

S

sound

L

sound

f

v

v

v

v

f

m

±

=

(10%) Figure 2 shows a pattern of resonant oscillation of a string of mass m = 2.500 g and length L = 0.800 m and that is under tension τ = 325.0 N. (a) What is the wavelength λ of the transverse waves producing the standing-wave pattern, and (b) what is the harmonic number n? (c) What is the frequency f of the transverse waves and (d) of the oscillations of the moving string elements? (e) What is the maximum magnitude of the transverse velocity u​m of the element oscillation at coordinate x = 0.180 m?
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3. (10%) Two trains are traveling toward each other at velocity of 50 m/s relative to the ground. Suppose the magnitude of sound velocity is 300 m/s. One train is bowling a whistle at 250 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 bowling at 25 m/s toward the whistle and away from the listener? (c) What frequency is heard if the wind direction is reversed? 
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4. (10%) There are two sound waves [s1(t) = sm cos(ω1t) and s2(t) = sm cos(ω2t)] of equal amplitude sm and the angular frequency of are ω1 and ω2 (ω1 > ω2). According to the superposition principle of waves, (a) find the resultant displacement s(t) and schematically show the waveform. (b) What is the beat frequency of two sound waves? (c) Emperor penguins vocalize by using two-sided vocal organs. Each side sets up acoustic standing waves in the throat and mouth, which is similar with a two open end pipe. Suppose that the frequency of the first harmonic produced by side A is fA1 = 432 Hz and the frequency of the first harmonic produced by side B is fB1 = 371 Hz. What is the beat frequency between those two second harmonic frequencies? 
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[image: image17.wmf] 

根據題目條件，假設兩聲波s1(t)=smcos(ω1t)及s2(t)=smcos(ω2t)，根據波之疊加原理，合成波s(t)= s1(t) + s2(t) = sm (cosω1t + cosω2t) = [2smcos0.5(ω1-ω2)t]cos0.5(ω1+ω2)t.

5. [image: image18.wmf] 

(10%) Consider a sound wave travels along an air-filled long tube with cross-sectional area A, as shown in Fig.3. The displacement of a thin slice of air with mass density ρ can be represented by s(x,t) = sm cos(kx-ωt), where sm, k and ω are respectively the amplitude, wavevector and angular frequency. (a) Find the average kinetic energy of the sound wave. (b) Assume the potential energy is carried along with the wave at this same average value, calculate the wave intensity. (c) The wave intensity can be represented using decibel scale (or called sound levels), what’s the sound level difference for two sound waves with 5.2×105 intensity ratio? 
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6. [image: image20.wmf] 

(15%) When a system is taken from state i to state f along path iaf in Fig. 4, Q = 50 cal and W = 20 cal. Along path ibf, Q = 36 cal. (a) What is W along path ibf? (b) If W = -13 cal for the return path fi, what is Q for this path? (c) If Eint,i = 10 cal, what is Eint,f? If Eint,b = 22 cal, what is Q for (d) path ib and (e) path bf?
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7. (10%) One mole of an ideal monatomic gas is taken through the cycle abca in Fig 5. (a) What is the change in internal energy from state b to c? (b) What is the change of entropy through state b to c? (Express your answers in terms of pressure P0, volume V0, and temperature T0 of state a)
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8. (15%) By neglecting oscillatory motion, determine (a ) the total degree of freedom, (b) the total internal energy, (c)
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9. [image: image25.png]4y =3 (dm)v?



(10%) One mole of an ideal diatomic gas goes from a to c along diagonal path in the right figure. The scale of the vertical axis is set by 
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. 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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                                            空氣靜止  


根據都卜勒效應公式：� EMBED Equation.3  ���


由於聲源(A車)與聽者(B車)接近，故分子取+，


分母取－。又vsound=300(m/s), vL=vs=50(m/s) 


and fs=250(Hz).故


� EMBED Equation.3  ���     【3%】


將參考座標選擇在風上，則在風上之人會覺得A車以50+25=75(m/s)之速度靠近B車並發出聲波，且該人亦認為B車之聽者以50-25=25(m/s)之速度靠近B車。























根據都卜勒效應公式，vL=25(m/s)且vs=75(m/s)，可得：


� EMBED Equation.3  ���    【4%】


同(b)分析，風上之人會覺得A車以50-25=25(m/s)之速度靠近B車並發出聲波，且該人亦認為B車之聽者以50+25=75(m/s)之速度靠近B車。























� EMBED Equation.3  ���    【3%】
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Fig. 4





Fig. 5
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Fig. 6
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Fig. 3





根據題目條件，假設兩聲波s1(t)=smcos(ω1t)及s2(t)=smcos(ω2t)，根據波之疊加原理，合成波s(t)= s1(t) + s2(t) = sm (cosω1t + cosω2t) = [2smcos0.5(ω1-ω2)t]cos0.5(ω1+ω2)t.











【4%】


Beat frequency：� EMBED Equation.3  ���.                         【2%】


國王企鵝兩側之發聲器官有如一雙開管柱，故其泛音頻率為基音(第一諧音)之整數倍，故第二諧音頻率為第一諧音之兩倍。因此，國王企鵝兩側發聲器官所產生之第二諧音分別為fA2=864(Hz)及fB2=742(Hz)，其對應之拍頻為：


� EMBED Equation.3  ���                      【4%】





� EMBED Word.Picture.8  ���





考慮一長度dx之空氣，其相應之質量dm=ρAdx。根據動能公式：� QUOTE � ���。其中，� EMBED Equation.3  ���� QUOTE � ��，代入動能公式可得：� QUOTE � ���，積分一波長λ：� QUOTE � ���【6%】


根據題意，聲波之位能(EU)具有與動能相同之平均值，故總能<E>=<EK>+<EU>=� QUOTE � ���。對應之平均功率� QUOTE � ���故該聲波之強度� QUOTE � ���.                                        【2%】


Intensity in decibel scale: � QUOTE � ���


� EMBED Equation.3  ���      【2%】
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Fig. 2





Fig. 1





根據能量均分原理, 平均每一個理想氣體分子每一個自由度的動能為� EMBED Equation.DSMT4  ���, 或平均每一個摩耳的理想氣體每一個自由度的動能為� EMBED Equation.DSMT4  ���.


He氣之分子是由單一原子構成, 這種分子可視為質點, 故只有移動動能的三個自由度.


系統的內能為              � EMBED Equation.DSMT4  ���


等容克分子比熱CV為       � EMBED Equation.DSMT4  ���


等壓克分子比熱Cp為       � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���分子為雙原子氣體, 其轉動動能有二個自由度, 連同移動動能的三個自由度, 一共有5個自由度.


系統的內能為              � EMBED Equation.DSMT4  ���


等容克分子比熱CV為       � EMBED Equation.DSMT4  ���


等壓克分子比熱Cp為       � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


CH4為多原子氣體, 其質心的移動動能有三個自由度. 若溫度不高可以不考慮振動能, 只考慮其轉動動能, 而轉動動能有三個轉動自由度. 一共有6個自由度.


系統的內能為              � EMBED Equation.DSMT4  ���


等容克分子比熱CV為       � EMBED Equation.DSMT4  ���


等壓克分子比熱Cp為       � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���





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


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


雙原子氣體  � EMBED Equation.DSMT4  ���


由       � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


由狀態a至狀態c之內能改變� EMBED Equation.DSMT4  ���為


� EMBED Equation.DSMT4  ���


=� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���    【4%】


沿路徑� EMBED Equation.DSMT4  ���之功等於路徑ac與V軸間的梯形面積


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


沿路徑� EMBED Equation.DSMT4  ���之熱量為


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���  【3%】


沿路徑� EMBED Equation.DSMT4  ���的熱量� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���     【3%】





∵(Uif = Uf－Ui


path iaf：Q = 50 cal, W = 20 cal


        (Uif = Q－W = 50－20 = 30 cal   (1)


path ibf：(Uif = Q－W = 36－W          (2)


=(2)  ∴30 = 36－W


故沿ibf所作之功  W = 6 cal                      【3%】


path f(i


(Ufi = Ui－Uf = Qf(i－Wf(i  由(a)知Uf－Ui = 30 cal


－30 = Qf(i－Wf(i = Qf(i－(－13)


Qf(i =－43 cal                                   【3%】


∵Uf－Ui = (Uif = 30 [由(a)小題得知(Uif = 30]


∴Uf = Ui＋30 = 10＋30 = 40 cal                    【3%】


path i(b


(Uib = Ub－Ui = 22－10(已知) = 12 cal


∵Wi(b = Wibf－Wbf = 6－0 = 6 cal


∴Qi(b = (Uib＋Wi(b = 12＋6 = 18 cal                【3%】


 path b(f


(Ub(f = Qb(f＋Wb(f = Qb(f


∴Qb(f = (Ubf = Uf－Ub = 40－22 = 18 cal             【3%】





n = 1 mole


(Ubc = Uc－Ub =� EMBED Equation.3  ���            (1)        【2%】


∵PV = nRT


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


  � EMBED Equation.3  ���  ∴� EMBED Equation.3  ���   (3)        【2%】


(2)(3)代入(1)


∴(Ubc = Uc－Ub =� EMBED Equation.3  ��� (或6P0V0 )               【1%】





To calculate the entropy change, we replace the process with a reversible isovolumetric process that connects the same initial and final states. Hence, 


� EMBED Equation.3  ���                                                【2%】


� EMBED Equation.3  ��� when Cv =� EMBED Equation.3  ���R    【2%】


故� EMBED Equation.3  ���                                             【1%】





∵方形體轉動很小角度(，spring伸長(x = r(


r ( d( = � EMBED Equation.3  ���


∴F (spring恢復力) = －k(x = －k( r( ) 【3%】


where (x = r(


由 ( = I( = � EMBED Equation.3  ���可得


( (恢復力矩) = IC� EMBED Equation.3  ���( -(k r( ) r = -k r2(   【3%】


∴� EMBED Equation.3  ���   【2%】


∴� EMBED Equation.3  ���  【2%】





(x





� EMBED Word.Picture.8  ���





∵ The solid line reveals that 2 full wavelengths fit into the length L = 0.800 m of the string. Thus, we have 2( = L.


∴� EMBED Equation.3  ��� m.  【2%】


By counting the number of loops (or half-wavelengths) in Fig. 2, we see that the harmonic number is n = 4.  【2%】


The speed of the waves is


� EMBED Equation.3  ���= 322.49


The frequency of the transverse waves is


� EMBED Equation.3  ���( 806 Hz  【2%】


The frequency of the oscillations of the moving string elements is the same as the frequency of the transverse waves.  【2%】


The displacement of a string element as a function of position x and time t is 


y(x, t) = 2ym sinkx cos(t


To find the transverse velocity of a string element, we take the time derivative of y(x, t):


u(x, t) =� EMBED Equation.3  ���=[－2 ym ( sinkx] sin(t.


Then the maximum speed of the element at x = 0.180 m is


um = (－2 ym ( sinkx ( = (－2 (2.00×10-3)(2((806) sin(� EMBED Equation.3  ���(0.180) ( = 6.26 m/s  【2%】
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