國立中山大學99學年度普通物理(一)期中考                 99.11.18

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。

1. (2%) (a) In unit-vector notation, what is 
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(3%) (b) Calculate the angle between 
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 and the positive z axis.

(3%) (c) What is the component of 
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 along the direction of 
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(10%) In Fig. 1, a gun is mounted at the bottom of an inclined plane which makes an angle 30( with the horizontal. The angle of elevation of the gun may be freely varied, if the gun fired a projectile with a muzzle velocity v. Find the maximum range of projectile d on the incline plane, and what will be the angle of the elevation of the gun (?  

參考：
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(10%) A 10 kg monkey climbs up a massless rope that runs over a frictionless tree limb (樹枝) and back down to a 15 kg package on the ground, as shown in Fig. 2.

(a) What is the magnitude of the least acceleration the monkey must have if it is to lift the package off the ground?

(b) If, after the package has been lifted, the monkey stops its climb and holds onto the rope, what are the magnitude of the monkey’s acceleration and the tension in the rope?
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(16%) A block of mass m = 0.5 kg is held against a massless spring which is compressed by A = 15 cm from its equilibrium position O to point P as shown in Fig. 3. Take the friction coefficient to be μk = 0.4 and the spring constant to be k = 120 N/m. When the system is released from point P, find: 
(a) The work done by the spring on the block until the block reaches to the point O.

(b) The work done by friction on the block until the block reaches to the point O.

(c) The speed at which the block reaches to the point O.

(d) How far the block travels from the point O before coming to a stop.
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(10%) A 200-g block starts from rest and slides 4 m down a frictionless 30° incline. Its motion is halted by a spring (k = 5 N/m) as shown in Fig. 4.
(a) What is the speed of the block just as it reaches the spring?
(b) Find the maximum compression of the spring.
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6. (14%) An elastic collision between a particle of mass m1 with a particle of mass m2 initially at rest, show that 
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, when m1 = m2.
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7. (14%) [image: image21.wmf]b

A shell is shot with an initial velocity 
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 of 400 m/s, at an angle of (0 = 60( with the horizontal. At the top of the trajectory, the shell explodes into two fragments of equal mass (Fig. 5). One fragment, whose speed immediately after the explosion is zero, falls vertically. How far from the gun does the other fragment land, assuming that the terrain is level and that air drag is negligible?
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(15%) A mass (M1 = 5.0 kg) is connected by a light cord to a mass (M2 = 4.0 kg) which slides on a smooth surface, as shown in Fig. 6. The pulley (滑輪) (radius = 0.20 m) rotates about a frictionless axle. The acceleration of M2 is 3.5 m/s2.
(a) What is the moment of inertia of the pulley?
(b) If the light cord between M2 and the pulley is cut at the point right by M2, the rest of cord accelerate with M1 and does not slip on the pulley. What is the magnitude of acceleration of M1?
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(15%) A massless rope is wrapped around a uniform cylinder that has radius R and mass M, as shown in Fig. 7. Initially, the unwrapped portion of the rope is vertical and the cylinder is horizontal. Please calculate the linear acceleration of the cylinder.
(The rotational inertia of a cylinder IC = 
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(a) � EMBED Equation.3  ���, � EMBED Equation.3  ���, � EMBED Equation.3  ���, � EMBED Equation.3  ���


   ∴� EMBED Equation.3  ���  (2%)


(b) � EMBED Equation.3  ���與z軸之夾角為(


   � EMBED Equation.3  ���  (2%)


   � EMBED Equation.3  ���  (1%)


   ( ( = 120(


(c) � EMBED Equation.3  ���在� EMBED Equation.3  ���之分量：� EMBED Equation.3  ���  (2%)


    � EMBED Equation.3  ��� (1%)





x = d cos 30(


y = d sin 30(


� EMBED Equation.3  ���


  x = (v cos () t


� EMBED Equation.3  ���   (2%)


� EMBED Equation.3  ���


� EMBED Equation.3  ���


   = � EMBED Equation.3  ���     (2%)


令� EMBED Equation.3  ���


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


(cos(2(－30() = 0   2(－30( = (/2


( = � EMBED Equation.3  ���= 60(   (2%)


� EMBED Equation.3  ���   (2%)





m1：mass of monkey (猴子質量)


m2：mass of package (物品質量)


設猴子以加速度a向上爬，剛好可使m2離地


T為猴子之拉力(繩子張力)


(T－m1 g = m1 a    (1)     (2%)


若剛好可將物品m2抬起，則


T－m2 g ( 0        (2)      (2%)


(由(1)(2)  m1 = 10 kg  m2 = 15 kg


� EMBED Equation.3  ���= 4.9 m/s2     (1%)











物品抬上後，猴子停止上爬，則


T－m1 g = m1 a     (3)


T－m2 g = -m2 a    (4)


((3)－(4)  m2 g－m1 g = (m1＋m2) a


(� EMBED Equation.3  ���( 2.0 m/s2 (向上)    (1%)


  T = m1 a＋m1 g =� EMBED Equation.3  ���= 12×9.8 nts


    ( 118 nts or 120 nts      (1%)





The work done by the spring on the block Wsp =� EMBED Equation.3  ���kA2 (2%) = 1.35 J (2%)


The work done by friction Wf = –(μk mg) A (2%) = –0.294 J (2%)


(Wsp( =� EMBED Equation.3  ���mv2＋(Wf( or Wsp＋Wf =� EMBED Equation.3  ���mv2 (2%) , so v = 2.1 m/s (2%)


� EMBED Equation.3  ���mv2 =(μk mg) s (2%) , so s = 0.563 m (2%)


【無單位或單位錯誤各扣1分】





令block下滑長度d且d = 4m, then � EMBED Equation.3  ���mv2 = mg d×sin θ, (2%) so v = 6.26 m/s (3%)


令block總下滑長度(4+A), then mg(4+A) ×sinθ =� EMBED Equation.3  ���kA2 , (2%) so A = 1.46 m (3%)


【無單位或單位錯誤各扣1分】





方法1: 如右圖所示


設碰撞前, 物體1的速度為� EMBED Equation.DSMT4  ���. 物體2的速度為� EMBED Equation.DSMT4  ���


碰撞後, 物體1的速度為� EMBED Equation.DSMT4  ���,     物體2的速度為� EMBED Equation.DSMT4  ���.


� EMBED Equation.DSMT4  ���及� EMBED Equation.DSMT4  ���與x-軸的夾角分別為� EMBED Equation.DSMT4  ���及� EMBED Equation.DSMT4  ���.


∵ � EMBED Equation.DSMT4  ��� ∴� EMBED Equation.DSMT4  ���定值, 即


� EMBED Equation.DSMT4  ���         (1)


∵ � EMBED Equation.DSMT4  ��� ∴� EMBED Equation.DSMT4  ���定值, 即


 � EMBED Equation.DSMT4  ���           (2)


∵ 二物體作完全彈性碰撞, ∴碰撞前後總動能相等


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


若二物體質量相等, 即� EMBED Equation.DSMT4  ���, 則(1), (2), 及(3)式可分別寫成以下型式:


           � EMBED Equation.DSMT4  ���             (4)


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


                 � EMBED Equation.DSMT4  ���                 (6)


(4)2 + (5)2得           � EMBED Equation.DSMT4  ���


        � EMBED Equation.DSMT4  ���           (7)


(6)式代入(7)式得       � EMBED Equation.DSMT4  ���


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


【未畫圖扣2分】【完全彈性碰撞及動量守恆之條件(如方框所示)未寫者扣2分】


【數學式(1)(2)(3)未寫出者扣2分】


方法2:


設碰撞前, 物體1的速度為� EMBED Equation.DSMT4  ���. 物體2的速度為� EMBED Equation.DSMT4  ���


碰撞後, 物體1的速度為� EMBED Equation.DSMT4  ���,     物體2的速度為� EMBED Equation.DSMT4  ���.


� EMBED Equation.DSMT4  ���及� EMBED Equation.DSMT4  ���與x-軸的夾角分別為� EMBED Equation.DSMT4  ���及� EMBED Equation.DSMT4  ���.


∵ � EMBED Equation.DSMT4  ���,  ∴� EMBED Equation.DSMT4  ���定值,   即   � EMBED Equation.DSMT4  ���


                  ∵ � EMBED Equation.DSMT4  ���,  ∴ � EMBED Equation.DSMT4  ���            (1)


由(1)式得知  � EMBED Equation.DSMT4  ���為� EMBED Equation.DSMT4  ���與� EMBED Equation.DSMT4  ���之合向量, 其向量圖如右圖所示.


∵ 二物體作完全彈性碰撞, ∴碰撞前後總動能相等, 即


          � EMBED Equation.DSMT4  ���


                � EMBED Equation.DSMT4  ���


此式顯示上圖之三邊滿足畢氏定理,  故� EMBED Equation.DSMT4  ���.









































【解】  砲彈的初速與發射角分別為v0 = 400 m/s及(0 = 60(.


        砲彈上升至最高點的時間� EMBED Equation.DSMT4  ���與從最高點落至地面的時間� EMBED Equation.DSMT4  ���相同.


        由      � EMBED Equation.DSMT4  ���


        砲彈上升至最高點時, � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ���


得       � EMBED Equation.3  ���


           � EMBED Equation.DSMT4  ���


砲彈在最高點之瞬間, 有以下關係:


� EMBED Equation.DSMT4  ���, vx = vox = v0 cos60( = (400 m/s)(� EMBED Equation.3  ���)=200 m/s


        及    ∵ � EMBED Equation.DSMT4  ���,  ∴ � EMBED Equation.DSMT4  ���定值


        設爆炸後之瞬間, 二質量相等的碎片中, 一片速度為零(垂直掉落), 另一片之速度為� EMBED Equation.DSMT4  ���.


� EMBED Equation.DSMT4  ���


200 m/s = � EMBED Equation.3  ���vx( ,  vx( = 400 m/s


        爆炸後繼續飛行的碎片落地處與發射處之距d為


� EMBED Equation.3  ���


【未畫圖扣2分】【動量守恆之條件(如方框所示)未寫者扣2分】【數學式未寫出者扣2分】
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