國立中山大學101學年度普通物理(一)期末考            102.01.16

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。遇力學題目時，請畫出力學圖解圖，未畫者將扣分。[image: image1.wmf]dt
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1. (a) (5%) In Fig. 1(a) and Fig. 1(b), two springs of spring constant k1 and k2 are attached to a block of mass m. What is the frequency of simple harmonic oscillation on the frictionless floor for Fig. 1(a) and Fig. 1(b), respectively.

(b) (10%) A block whose mass, m = 0.250 kg, is fasten to a spring whose spring constant is k = 75 N/m. The block is pulled a maximum distance xm = 0.11 m from its equilibrium position at x = 0 on a frictionless surface, and released at t = 0. The spring-block system forms a simple harmonic oscillation. (I) What is the magnitude of maximum acceleration of the block? (II) If a damped force 
[image: image70.png]


 exerts on the simple harmonic oscillator, the solution of the equation is x(t) = xme-bt/2mcos(((t＋(), where b = 70 gm/s and 
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. What is the ratio of the amplitude of the damped oscillation to initial of the amplitude at the end of 25 cycles?
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2. (10%) In Fig. 2, a physical pendulum consists of a uniform solid disk of radius R and mass m supported in a vertical plane by a pivot located at a distance d from the center of the disk. The disk is displaced by a small angle and released.
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What is the period of the resulting simple harmonic motion?

(b) Where is the point of the solid disk’s center of oscillation?

【IC = MR2/2, M = mass of the disk】
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3. (a) (5%) Show that the harmonic frequency (
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) of a stretched string with two fixed ends (L) is 
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 is wave speed on the string.
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(b) (5%) One end of a horizontal string is attached to a vibrating blade(片), and the other end passes over a pulley as in Fig. 3a. A sphere of mass 2.00 kg hangs on the end of the string. The string is vibrating in its second harmonic. A container of water is raised under the sphere so that the sphere is completely submerged (浸入水中) and the frequency of vibrating blade does not change. In this configuration, the string vibrates in its fifth harmonic as shown in Figure 3b. Note that the buoyant force (浮力) on the sphere equals the weight of the water displaced by the sphere. What is the radius of the sphere? (Frictional force on the sphere in the water is neglected.)
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4. (a) (5%) The relation between displacement and pressure amplitude (
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) of sound wave was demonstrated to follow 
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, where
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 are respectively air mass density, speed and angular frequency of sound wave. In a sinusoidal sound wave of moderate (適度的) loudness, the maximum pressure variations are about 3.0 × 10-2 Pa. In air at normal atmospheric (大氣壓力的) pressure and density, the speed of sound is 344 m/s and the bulk modulus is 1.42 × 105 Pa. Find the corresponding maximum displacement if the frequency is 1000 Hz.
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(b) (5%) We also have the relation between intensity (I) and displacement amplitude of 
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 for sound waves. Show that the relation between intensity and pressure amplitude is 
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(c) (5%) Consider an idealized bird (treated as a point source) that emits constant sound power, as shown in Fig. 4. If you move twice the distance (P1 and P2) from the bird, by how many decibels does the sound intensity level drop?
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5. Figure 5 shows a cycle undergone by 1.00 mol of an ideal monatomic gas. The temperatures are T1 = 200 K, T2 = 400 K, and T3 = 300 K. The initial pressure at point 1 is 1.00 atm ( = 1.013×105 Pa). The gas constant R = 8.31 J/mol．K. Find:
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(9%) The heat Q absorbed or rejected (“sign” is relevant!) for the 1 ( 2, 2 ( 3, and 3 ( 1 processes, respectively.

(b) (2%) According to (a), for the full cycle, what is the net Q?
(c) (4%) In addition, what is the net work W by the gas for the full cycle?
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6. In Fig. 6, it shows the cross section of a wall made of white pine of thickness La and brick (磚塊) of thickness Ld (= 3.0La), sandwiching two layers of unknown material with identical thicknesses and thermal conductivities. The thermal conductivity of the pine is ka and that of the brick is kd (= 4.0ka). The face area A of the wall is unknown. Thermal conduction through the wall has reached the steady state; the only known interface temperatures are T1 = 24oC, T2 = 20oC, and T5 = -10oC.
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(5%) What is the temperature difference across the brick?

(b) (5%) If kd becomes 5.0ka, what would be the temperature T4?
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7. If the equipartition theory of energy is valid for two-dimensional space (二維空間) in which a mole of non-interactive diatomic gas (双原子氣體) can only move on a plane, please find:
(a) (5%) the translational and rotational degrees of freedom of the gas;

(b) (5%) the total energy of this gas;
(c) (5%) the molar specific heat at constant volume, CV.
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8. Please explain the following questions regarding n moles of ideal gas:
(a) (2%) What is isothermal expansion?

(b) (2%) What is free expansion?

(c) (3%) If an ideal gas is expanded isothermally at temperature T from volume V to 2V, what is the final pressure P’?
(d) (3%) If an ideal gas is expanded freely from volume V to 2V, what is the final pressure P’?
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Fig. 1(a)





Fig. 1(b)





由Fig. 1(a) � EMBED Equation.3  ���            【2%】


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


由Fig. 1(b) m受力：� EMBED Equation.3  ���   【1%】


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


(I)� EMBED Equation.3  ���,  x = xm cos (( t＋(),   當t = 0, x = xm  ∴( = 0  ∴x = xm cos (( t),   


� EMBED Equation.3  ���,  	 � EMBED Equation.3  ���=－xm(2 cos (( t)              【3%】


  ∴am = (－xm(2( = 0.11(k/m) = 0.11(75/0.25) = 33 m/s2     【2%】


(II)∵� EMBED Equation.3  ��� ∴x = xm e－bt/2mcos (( t＋()  (題示)


	  ∵� EMBED Equation.3  ��� ∴� EMBED Equation.3  ���sec = 0.36 sec 【2%】


   振動25cycles所需時間t = 25T


  ∴� EMBED Equation.3  ���= e－bt/2m = e－b(25T)/2m = e－0.07(25×0.36)/(2×0.25) = e－1.26 【3%】





Fig. 2





� EMBED Equation.3  ���,  sin ( ( ( 


∴� EMBED Equation.3  ���, IP = IC ＋ md2, IC = mR2/2


∴(2 =� EMBED Equation.3  ��� 【3%】


∴T = 2(� EMBED Equation.3  ��� 【2%】





令T = 2(� EMBED Equation.3  ���


where� EMBED Equation.3  ���  【3%】


∴ the center of oscillation為距P點L0處（即距P點� EMBED Equation.3  ���處）【2%】





CM





C. O





L0





Fig. 3





� EMBED Word.Picture.8  ���





兩端固定之繩，其可能存在之駐波：� EMBED Equation.3  ���。【3%】


對應之諧音為� EMBED Equation.3  ���。【2%】





假設小球質量m，分析其受力得� EMBED Equation.3  ���。


假設震動片至滑輪端長為L，則在繩上所產生駐波頻率� EMBED Equation.3  ���。


由圖3a得知n = 2，� EMBED Equation.3  ���。【1%】


若將小球置放在水中，分析小球受力可得：� EMBED Equation.3  ���，其中B為小球之浮力。


依題目提示，小球浮力為小球體積排開之水重，故� EMBED Equation.3  ���。【1%】


假設小球半徑為r，則� EMBED Equation.3  ���。故細繩張力� EMBED Equation.3  ���，此張力使細繩駐波頻率(n = 5)� EMBED Equation.3  ��� 【1%】


由於震動片之震動頻率不變(� EMBED Equation.3  ���)，故� EMBED Equation.3  ���---(1) 【1%】


取� EMBED Equation.3  ���代入(1)式，可得r = 7.37 cm。【1%】





�


Fig. 4








� EMBED Equation.3  ��� 【1%】


� EMBED Equation.3  ���【1%】代入上式可得： � EMBED Equation.3  ��� 【3%】


� EMBED Equation.3  ��� 【1%】 and � EMBED Equation.3  ��� 【1%】[(a)小題]，代入� EMBED Equation.3  ��� 【3%】


根據sound level定義：� EMBED Equation.3  ���【1%】，在P1及P2處之sound level 差值為� EMBED Equation.3  ���。---(2) 【1%】


由於點波源之波強度與接收者距離平方反比，� EMBED Equation.3  ���。【1%】


故(2)式可化為� EMBED Equation.3  ���，且� EMBED Equation.3  ���，故� EMBED Equation.3  ���。【2%】





Fig. 5





(a) 1 ( 2


Because W1->2 = 0, Q =(Eint = 1.5 R (T2 – T1) = 2.49×103 J (absorbed)


Or one can use the molar specific heat to get the heat absorbed:


Q = n CvΔT = (1.00mol)(1.5)(8.31J/mol K)(400K-200K) = 2.49×103 J 【3分; 無單位扣1分】


2( 3


Q = 0 (J) due to adiabatic process 【3分; 無單位扣1分】


3( 1


Q = n CpΔT = (1.00mol)(2.5)(8.31J/mol K)(200K-300K) = -2.08×103 J (rejected) 【3分;無單位扣1分】





(b) Sum over three processes in (a): 


Qnet = 2.49×103 J + 0 J - 2.08×103 J = 4.10×102 J (absorbed) 【2分;無單位扣1分】





(c) The simplest way is to employ 1st law of thermodynamics:


  (Eint = 0 -> Qnet = Wnet = 4.10×102 J (work done by the gas)


【4分; 無單位扣1分】

















Fig. 6





(a) The conduction rates for the white pine and the brick should be the same when the thermal conduction is steady:


� EMBED Equation.Ribbit  ��� 【3分】


Thus, � EMBED Equation.Ribbit  ��� = 0.75 × (24-20) = 3 (oC) 【2分;無單位扣1分】





(b) By the same token in (a): 


� EMBED Equation.Ribbit  ��� = 0.6 × (24-20) - 10= -7.6 (oC)【5分;無單位扣1分】








由於氣體只能於二維上運動，故雙原子分子只能在平面上移動，其平移自由度為2；雙原子分子也能繞著垂直於此平面的轉軸旋轉，其轉動自由度為1。總自由度為3。


根據能量均分原理，此系統的內能�。


等容時, 系統不對外做功，故內能(dU)的變化量等於進出系統的熱量(dQ)。


∴�





For an isothermal expansion, the volume of the gas is expanded at a constant temperature. 


For a free expansion, the volume of the gas seems expanded adiabatically without any work done. 


For an ideal gas, PV=nRT and P’V’=nRT’ (P’=nRT’/V’=nRT/2V.


Because no work is done (W=0) and the process is adiabatic (Q=0), U’=U( T’=T, hence P’=nRT’/V’=nRT/2V. 





T2=400 K





T1=200 K





T3=300 K
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