國立中山大學98學年度普通物理(一)第二次段考       98.12.11
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Two gliders are set in motion on an air track. A spring of force constant k is attached to the near side of one glider. The first glider of mass m1 has velocity v1 and the second glider of mass m2 moves more slowly, with velocity v2, as shown in Fig. 1. When m1 collides with the spring attached to m2 and compresses the spring to its maximum compression xmax, the velocity of the whole system is v. In terms of v1, v2, m1, m2, and k, find
(a) (5%) the velocity v at maximum compression.
(b) (5%) the maximum compression xmax.

(c) (5%) the velocity of each glider after m1 has lost contact with the spring. 
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(5%) A bullet of mass m is fired into the center of a block with mass M initially at rest at the edge of a frictionless table of height h, as shown in Fig. 2. The bullet remains in the block, and after impact the block lands a distance d from the bottom of the table. Determine the initial speed of the bullet. 
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In Fig. 3, two particles, each with mass m = 0.85 kg, are fastened to each other, and to a rotation axis at O, by two thin rods, each with length d = 5.6 cm and mass M = 1.2 kg. The combination rotates around the rotation axis with angular speed  = 0.30 rad/s.  About O, calculate
(a) (5%) the combination’s rotational inertia (moment of inertia)?

(b) (5%) the combination’s kinetic energy?
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In Fig. 4, two blocks, of mass m1 = 400 g and m2 = 600 g, are connected by a massless cord that is wrapped around a uniform disk of mass M = 500 g and radius R = 12.0 cm. The disk can rotate without friction about a fixed horizontal axis through its center; the cord cannot slip on the disk.  The system is released from rest. Find
(a) (6%) the magnitude of the acceleration of the blocks
(b) (2%) the tension T1 in the cord at the left
(c) (2%) the tension T2 in the cord at the right.
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Two identical solid spheres with radius r and mass m are joined together and then attached by a light string which passes through a hollow tube. The tube is hold by one hand and the string by the other. This two-sphere system is set into rotation in a circle of radius L with an angular speed (, as shown in Fig. 5. Find the following items of the system.

(a) (7%) The moment of inertia.

(b) (3%) The kinetic energy.

(c) (3%) The angular momentum.

(d) (7%) The string is then pulled down, shortening the radius of the path to L/2. Find the new angular speed ((.
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A uniform disk of mass M and radius R rolls smoothly without slipping from rest down an incline at angle (, as shown in Fig. 6.

(a) (5%) What is the static friction force acting on the disk?

(b) (5%) If the disk descends a vertical high h to the bottom of the incline, what is its speed of center of mass?

(註1：需畫力圖)

(註2：The rotational inertia of disk about its central axis IC=MR2/2)
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A top(陀螺) spins at ( about an axis that make an angle of ( with the vertical, the mass of the top is M, the rotational inertia about its central axis is I and center of mass is at distance rc from the pivot point, as shown in Fig. 7.

(a) (5%) Find the angular momentum of the top.

(b) (5%) Show that the precessional frequency of the top(陀螺進動角速率) is 
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8. (8%) If the phase constant ( for a block–spring system in SHM is (/6 rad and the block’s position is given by x = xm cos(( t+(), what is the ratio of the kinetic energy to the potential energy at time t = 0?
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The physical pendulum consists of a uniform disk with radius R and mass M attached to a massless uniform rod with length 4R, as shown in Fig. 8.
(a) (4%) Calculate the rotational inertia of the physical pendulum about the pivot point.
(b) (4%) Calculate the period of oscillation.
(c) (4%) What is L0 defined as the distance between the pivot point O of the stick and the center of oscillation(振盪中心) of the physical pendulum.
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【附錄】
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Fig. 5
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Fig. 6





� EMBED Equation.3  ���(





Fig. 7





Fig. 1





Fig. 2





Fig. 8





When the spring is fully compressed, each cart moves with same velocity v. Apply conservation of momentum for the system of two gliders


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


【全對才給分】


Only conservative forces act, therefore � EMBED Equation.DSMT4  ���.


� EMBED Equation.DSMT4  ���   


	Substitute for v from (a) and solve for � EMBED Equation.DSMT4  ���.


� EMBED Equation.DSMT4  ���


【寫出力學能守恆式子給2分，計算至最後答案再給3分】


� EMBED Equation.DSMT4  ���


Conservation of momentum:	� EMBED Equation.DSMT4  ���          (1)


Conservation of energy:	� EMBED Equation.DSMT4  ���


which simplifies to:	� EMBED Equation.DSMT4  ���


Factoring gives     � EMBED Equation.DSMT4  ���


and with the use of the momentum equation (equation (1)),


this reduces to	� EMBED Equation.DSMT4  ��� or	� EMBED Equation.DSMT4  ���			(2)


Substituting equation (2) into equation (1) and simplifying yields:


� EMBED Equation.DSMT4  ���


Upon substitution of this expression for � EMBED Equation.DSMT4  ��� into equation 2, one finds


� EMBED Equation.DSMT4  ���


【寫出動量守恆式子給1分，寫出能量守恆式子或(2)式(需說明此為完全彈性碰撞) 給1分，計算至最後結果再給3分，只寫結果不給分】





����


Using conservation of momentum from just before to just after the impact of the bullet with the block:


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


The speed of the block and embedded bullet just after impact may be found using kinematic equations:


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


Thus, � EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ���


Substituting into (1) from above gives � EMBED Equation.DSMT4  ���.


【寫出動量守恆式子給1分，計算至最後結果再給4分】





應用轉動慣量平行軸轉換原理, 得二球系統的轉動慣量為


� EMBED Equation.DSMT4  ���


【全對才給分】


系統之動能為       � EMBED Equation.DSMT4  ���


【全對才給分】


系統之角動量為     � EMBED Equation.DSMT4  ���


【全對才給分】


由於二球之重量對轉軸的力矩無z分量, 手的拉力F對轉軸的力矩為零


故� EMBED Equation.DSMT4  ���, 系統的角動量守恆, 即 � EMBED Equation.DSMT4  ���


新角速率為         � EMBED Equation.DSMT4  ���


後來的轉動慣量為   � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


【寫出力矩為零2分，寫出角動量守恆條件再給2分，寫出I(給2分，計算出最後結果給1分】





� EMBED Equation.3  ���【每一列2分】





� EMBED Equation.3  ���    


【全對才給分】











力圖                                        1分


Mgsin(－fs = Ma      (1)                      1分


fsR = Ic(              (2)                     1分


( = a/R               (3)                    1分


由(1)(2)(3)


得� EMBED Equation.3  ���          1分


� EMBED Equation.3  ���                                    3分


� EMBED Equation.3  ���


� EMBED Equation.3  ���             2分


另法：由(a)之(1)、(2)、(3)得


� EMBED Equation.3  ���               1分


� EMBED Equation.3  ���  2分


� EMBED Equation.3  ���                        2分





Angular momentum of the top = I(.              5分








Torque acting on the top ( = rcMgsin (            1分


The change of angular momentum of the top


� EMBED Equation.3  ���


(L = ( (t


((L =( rc M g sin () (t        (1)              1分


From Fig ii, we have


(L = (( (L sin ()             (2)              1分


(1) and (2) gives


(( L sin ( = rc M g sin ( (t


(precessional frequency of the top


� EMBED Equation.3  ���     2分
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Fig i





Fig. ii





� EMBED Word.Picture.8  ���





The particles are treated “point-like” in the sense that I = (miri2 yields their rotational inertia, and the rotational inertia for the rods is figured using I = ML2/12 and the parallel-axis theorem


With subscript 1 standing for the rod nearest the axis and 4 for the particle farthest from it, we have


� EMBED Equation ���


【寫至第二個等號正確結果給4分，算出數值結果再給1分】


Using the result of (a), we have


� EMBED Equation ���


【寫出轉動動能形式給2分，算出數值結果再給3分】





Fig. 3





Fig. 4





We choose positive coordinate directions (different choices for each item) so that each is accelerating positively, which will allow us to set � EMBED Equation ��� (for simplicity, we denote this as a). Thus, we choose upward positive for m1, downward positive for m2 and (somewhat unconventionally) clockwise for positive sense of disk rotation. Applying Newton’s second law to m1, m2 and M, respectively, we arrive at the following three equations.


� EMBED Equation ���


The rotational inertia of the disk is � EMBED Equation ���, so we divide the third equation (above) by R, add them all, and use the earlier equality among accelerations — to obtain:


� EMBED Equation.3  ���


which yields � EMBED Equation.DSMT4 ���


Plugging back in to the first equation, we find


� EMBED Equation ���


where it is important in this step to have the mass in SI units: m1 = 0.40 kg.


Similarly, with m2 = 0.60 kg, we find


� EMBED Equation ���


【寫出三個力式子各給1分，寫出a = R(給1分，計算出三個結果各給2分】


【用功能定律解也可以】
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I=MR2/4+ML2/12





I=M(R12+R22)/2





I=MR2/2





I=MR2
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