國立中山大學99學年度普通物理(二)期末考               100.6.22

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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1. 【12%】 A copper rod of length R rotates at angular frequency 
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 in a uniform magnetic field 
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 as shown in Fig. 1. Find the emf developed between the two ends of the rod.
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2. 【14%】 A loop of wire in the shape of a rectangle of wide w and length L is placed near a long, straight wire carrying a current I as shown in Fig. 2.
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Determine the magnetic flux through the loop due to the current I.

(b) (7%)Suppose the current is changing with time according to
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, where a and b are positive constants. Determine the emf that is induced in the loop.
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3. 【12%】 A 12.6 V battery is in a circuit with a 30 mH inductor and a 0.150 Ω resistor, as shown in Fig. 3. The switch is closed at t = 0.
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(3%)Find the time constant of the circuit.
(b) (3%)Find the maximum current value in the RL circuit.
(c) (3%)Calculate the energy in the inductor when the current is 50.00 A.
(d) (3%)Find the voltage drops across the resistance when t = 0 and t = 0.200 s. 
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4. 【12%】 A series RLC AC circuit has resistance R = 250 Ω, inductance L = 0.600 H, capacitance C = 3.50 μF, frequency f = 60.0 Hz, and maximum voltage ΔVmax = 150 V.
(a) (3%)Find the impedance in the circuit.
(b) (3%)Find the maximum current in the circuit.
(c) (3%)Find the phase angle.
(d) (3%)Calculate the average power delivered to the series RLC circuit.
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5. [image: image16.wmf]i

ˆ

【10%】 A capacitor of capacitance C0 with circular plates of radius R, and gap width d, is connected to an ac generator, as shown in Fig. 4. The potential difference of the plates is

V = Vm sin ( t  (volts)

(a) (5%)Find the displacement current between the plates.

(b) (5%)Find the value of induced magnetic field between the plates at a distance r = R/2 from the central axis of the capacitor.
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6. [image: image18.wmf] 

【15%】 An electromagnetic wave traveling along x – axis with an electric field 
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 and magnetic field 
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, where Em and Bm are the amplitudes of electric and magnetic field, as shown in Fig. 5.

(a) (10%)Show that the intensity of an electromagnetic wave is 
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, where Erms = 
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 and c = speed of light.

(b) (5%)If the radiation intensity of the electromagnetic wave is normally incident on a screen that reflected 80% back along its original path. What is the radiation pressure?
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7. 【15%】[image: image21.wmf]ˆ

2

o

I

B

r

m

j

p

=

r

 A piece of transparent material having an index of refraction n is cut into the shape of a wedge as shown in Fig. 6. The angle of the wedge is small. Monochromatic light of wavelength λ is normally incident from above, and viewed from above. Let h represent the height of the wedge and l its width. Show that bright fringes occur at the positions 
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 and dark fringes occur at the positions 
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, where m = 0, 1, 2, . . . and x is measured as shown.
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8. 【10%】 A grating has 400 lines/mm. How many orders of the entire visible spectrum (400-700 nm) can it produce in a diffraction experiment, in addition to the m = 0 order?
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V = Vm sin (t
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銅棒的動生電動勢為


          � EMBED Equation.DSMT4  ���          (1)


      在銅棒上距b點r遠處取一長度基素   � EMBED Equation.DSMT4  ���           (2)


該處之之非靜電場為


   � EMBED Equation.DSMT4  ���


      � EMBED Equation.DSMT4  ���            (3)


(2)式及(3)代入(1)式得
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Fig. 1
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Fig. 2
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迴路的磁通為


� EMBED Equation.DSMT4  ���                (1)


由必歐-沙瓦定律得：


距長直導線r遠處之磁場為


� EMBED Equation.DSMT4  ���                 (2) (3%)


取面積基素   � EMBED Equation.DSMT4  ���          (3) (3%)


將(2)式及(3)式代入(1)式得磁通為  � EMBED Equation.DSMT4  ���       (4) (1%)





方法1：應用法拉第定律求解


� EMBED Equation.DSMT4  ���              (5) (3%)


(4)式代入(5)式得    � EMBED Equation.DSMT4  ��� (1%)


� EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���  � EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ��� (2%) (逆時針方向) (1%)


                                  


方法2：應用互感求解


  令直導線與長方形線圈分別為線圈1與2


  � EMBED Equation.DSMT4  ���            (6) (3%)


  � EMBED Equation.DSMT4  ���             (7) (2%)


        � EMBED Equation.DSMT4  ���,  � EMBED Equation.DSMT4  ���     (8)


� EMBED Equation.DSMT4  ���   (9) (1%)


  (8)及(9)式代入(7)式得    � EMBED Equation.DSMT4  ���


  代入第(6)式得感應電動勢為


� EMBED Equation.DSMT4  ���� EMBED Equation.DSMT4  ���(逆時針方向) (1%)
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【列式2%，結果及單位1%(全對才給分)】


�


【(VR(t = 0)1%，(VR(t = 0.200 s) 1%，單位1%】





(a) 	方法1：


� EMBED Equation.3  ���   (3%)


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


	方法2：


	       導線電流   � EMBED Equation.3  ���   (3%)


	       ∵ic = id  ∴id = C0Vm ( cos ( t   (2%)





(b)	∵� EMBED Equation.3  ���


∴� EMBED Equation.3  ���        (3%)


當r = R/2,


� EMBED Equation.3  ���   (2%)





設電磁波沿x方向(見右圖)行進，


取一很薄之箱型基素，厚度為dx、截面積為A，


此箱子之能量為


dU = dUE + dUB =� EMBED Equation.3  ���      (2%)


電場能量密度   磁場能量密度  基素體積


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


=� EMBED Equation.3  ���


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


=� EMBED Equation.3  ���   (2%)


故單位時間單位面積之傳送電磁波之能量為


� EMBED Equation.3  ��� 此為poynting vector之量值   (2%)


∴電磁波之強度� EMBED Equation.3  ���   (2%)


	� EMBED Equation.3  ���   (2%)





入射於screen產生之壓力� EMBED Equation.3  ���   (2%)


screen只有80%反射，故由於入射線之反射產生之壓力� EMBED Equation.3  ���   (2%)


∴total pressure on the surface due to absorption and re-emission (reflected) is


� EMBED Equation.3  ���, where � EMBED Equation.3  ���   (1%)
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【列式2%，結果及單位1%(全對才給分)】











(4%)





(4%)





(3%)





(2%)





(2%)





The ruling separation is 


d = 1/(400 mm–1) = 2.5  10–3 mm. (3%)


Diffraction lines occur at angles  such that d sin  = m, where  is the wavelength and m is an integer. Notice that for a given order, the line associated with a long wavelength is produced at a greater angle than the line associated with a shorter wavelength. We take  to be the longest wavelength in the visible spectrum (700 nm) and find the greatest integer value of m such that  is less than 90°. That is, find the greatest integer value of m for which m < d. Since 


� EMBED Equation  ���,(3%)





that value is m = 3. (4%)There are three complete orders on each side of the m = 0 order. The second and third orders overlap.
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