
 
1. 你用 200 N 的力量沿著 30°角的傾斜面以等速率推一個裝書的箱子,如果摩擦

係數為 0.18,則(1)當箱子垂直上升 1 m 時你做了多少功? (A) 200 J, (B) 400 J, (C) 
600 J, (D) 800 J; (2)箱子的質量為多少? (A) 15.5 kg, (B) 31.0 kg, (C) 46.5 kg, (D) 
62.0 kg.  

2. 如果作用力𝐹⃗𝐹 = (67𝚤𝚤̂ + 23𝚥𝚥̂ + 55𝑘𝑘�)N 施加於一個物體使它沿著直線從位置

𝑟𝑟1���⃗ = (16𝚤𝚤̂ + 31𝚥𝚥̂)m移動到𝑟𝑟2���⃗ = (21𝚤𝚤̂ + 10𝚥𝚥̂ + 14𝑘𝑘�)m,則所做的功為何? (A) 335 J, 
(B) 483 J, (C) 622 J, (D) 770 J.  

3. 一部 0.5 馬力(1 hp = 746 W)之井底抽水機要將水輸送到離井底水面 80 m 高的

水槽中,求水的輸送率為何?(將答案以 kg/s 的單位表示) (A) 373 kg/s, (B) 38.1 
kg/s, (C) 0.47 kg/s, (D) 0.94 kg/s. 

4. 一輛 1400 kg 的車子以 60 km/h 的固定速率沿著山路往上移動,汽車所受到的

空氣阻力為 550 N,如果引擎動力傳送到帶動輪的功率為 38kW,求山路的坡度

為何? (A) 7.2°, (B) 14.4°, (C) 21.6°, (D) 28.8°      
5. 被打擊出去的棒球其能量來自於球棒所做的功,最強有力的打擊者可在短暫

的接觸時間內提供大約 10 馬力(1 hp = 746 W)的打擊功率,使棒球飛出去的速

率超過每小時 100 英哩,下圖顯示某個打擊功率相對於時間的變化情形。  

 
(1) 在曲線的峰值時,下面的選項何者最大?  

(A) 球之動能  
(B) 球之速率  
(C) 球棒對球所做的功 
(D) 球棒對球所提供的能量效率 

(2) 球的最大速率大約在時間為多少秒時?  
(A) 85 ms  
(B) 145 ms  
(C) 185 ms  
(D) 當力量最大時 

(3) 棒球被擊出後其動能加了大約多少?  
(A) 550J  
(B) 1.3 kJ  
(C) 7.0 kJ  
(D) 無法計算,因為不知道投手將棒球投出來的速率 



(4) 施 加 於 棒 球 的 作 用 力 在 何 時 最 大 ?  
(A) 在 185ms 
(B) 在圖中的峰值前 
(C) 在圖中的峰值時 
(D) 在圖中的峰值後與 185ms 前 

6. 在龍捲風過後,一支 0.50 g 吸管被插入一棵樹中,深度為 4.5 cm,測量顯示樹枝

對吸管的阻擋力為 70 N,求吸管插入樹枝前的速率? (A) 27.5 m/s, (B) 55 m/s, (C) 
82.5 m/s, (D) 110 m/s.     

7. 某工人在水平地面上推動一個質量 180 kg 的行李箱時,碰到一段長 10 m 粗糙

地板,此地板的粗糙程度隨著位置的增加而變大，其動摩擦係數為𝜇𝜇𝑘𝑘 = 𝜇𝜇0 +
𝑎𝑎𝑥𝑥2,其中 𝜇𝜇0 = 0.17, 𝑎𝑎 = 0.0062𝑚𝑚−2, x代表從粗糙地板起算點到所考慮之位

置的距離，如果工人以等速度推動行李箱越過此粗糙區域，則他所做的功為

多少？ (A) 6.6 kJ, (B) 9.9 kJ, (C) 13.2 kJ, (D) 19.8 kJ.    

8. 某拖船施加作用力𝐹⃗𝐹 = (1.2𝚤𝚤̂ + 2.3𝚥𝚥̂)MN， 沿一條直線的航道拉一艘遊艇行進

一個位移 Δ𝑟𝑟 = (380𝚤𝚤̂ + 460𝚥𝚥̂)m.求(1) 拖船所做的功? (A) 755 MJ, (B) 1510 MJ, 
(C) 2265 MJ, (D) 3120 MJ; (2)作用力與位移的夾角? (A) 12°, (B) 24°, (C) 36°, (D) 
48° 

9. 在中午時刻,太陽能輻射到地球表面的功率大約為 1 kW/m2,對一個面積為 15 
m2 之完美的太陽能板而言,它要花多久的時間才能收集 40 kW•h 的能量?(這
大約是 1 加侖汽油所擁有的能量) (A) 1.6h, (B) 2.0h, (C) 2.4h, (D) 2.7h    

10. 高空彈跳所使用之彈力繩索的長度通常是 11 m,彈性常數則為 k = 250 N/m,如
果彈跳者抵達下降之最底端時,繩索長度變為原來的兩倍.求(1)作用於繩索的

功？(A) 5kJ, (B) 10 kJ, (C) 15 kJ, (D) 20 kJ. (2)使繩索伸長最後 1m 所做的功,比起

最初 1 m 所做的功,比值大小為何? (A) 11, (B) 21, (C) 31, (D) 41.  
11. 某質量為 m 的物體,分別沿著兩條路線從點 1 移動到點 2,如下圖所示,(1)假設

本圖位於水平面上,試分別計算摩擦力對此物體所做的功,已知摩擦係數在平

面上為固定值 μ。(A) 𝑊𝑊𝑎𝑎 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, (B) 𝑊𝑊𝑎𝑎 = −𝑚𝑚𝑚𝑚𝑚𝑚, 
𝑊𝑊𝑏𝑏 = −𝑚𝑚𝑚𝑚𝑚𝑚, (C) 𝑊𝑊𝑎𝑎 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, (D) 𝑊𝑊𝑎𝑎 = 𝑚𝑚𝑚𝑚𝑚𝑚, 
𝑊𝑊𝑏𝑏 = 𝑚𝑚𝑚𝑚𝑚𝑚; (2)假設本圖位於垂直面上,當某物體分別沿著圖中兩條路線從點1
移動到點 2,試分別計算重力對此物體所做的功。(A) 𝑊𝑊𝑎𝑎 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 

𝑊𝑊𝑏𝑏 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, (B) 𝑊𝑊𝑎𝑎 = −𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −𝑚𝑚𝑚𝑚𝑚𝑚, (C) 𝑊𝑊𝑎𝑎 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 
𝑊𝑊𝑏𝑏 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, (D) 𝑊𝑊𝑎𝑎 = 𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = 𝑚𝑚𝑚𝑚𝑚𝑚.  

 



12. 一個粒子在光滑的軌道上來回滑動,軌道的高度為水平位置的函數y = a𝑥𝑥2, 
其中 a = 0.95m-1,如果粒子的最大速率為 9.2 m/s,則其轉折點的位置為何? (A) 
±0.55 m, (B) ±1.1 m, (C) ±1.7 m, (D) ±2.1 m  

13. 用來攀岩的繩索具有相當好的彈性,因此可以做為掉落時的緩衝裝置.有一款

繩索之彈力為F = −kx + b𝑥𝑥2,其中k = 223𝑁𝑁 𝑚𝑚⁄ ,b = 4.10𝑁𝑁 𝑚𝑚2⁄ , x 為伸長量,
如果它被拉長2.62 m,求儲存於繩索之位能.取 x=0時U=0. (A) 185 J, (B) 371 J, (C) 
556 J, (D) 741 J. 

14. 在光滑的水平面上,質量為 100g 的木塊於兩彈簧之間來回滑動,如下圖所示,
左邊彈簧的彈性常數為 k = 110 N/m,最大壓縮量為 20 cm,右邊的彈簧則為 k = 
240 N/m,求(1)右邊彈簧之最大壓縮量?  (A) -7.0 cm, (B) -10.5 cm, (C) -13.5 cm, 
(D) -16.0 cm; (2)木塊在兩彈簧之間的速率?  (A) ±6.63 m/s, (B) ±8.63 m/s, 
(C) ±10.63 m/s, (D) ±12.63 m/s 

 
15. 一個木塊沿著斜坡滑下,再接到翻筋斗迴圈滑行,如下圖所示,求木塊從靜止開

始滑行而可以繞行一圈之最低高度 h. (A) 3R/2, (B) 2R, (C) 5R/2, (D) 3R.  

 
16. 質量為m之物體位於彈簧頂端正上方h處,彈簧直立於地面其彈性常數為當物

體從靜止開始掉落到彈簧上時,找出彈簧的最大壓縮量為:(A) (2𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )(1 +
�1 + 𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ), (B) (2𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )(1 + �1 + 2𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ), (C) (𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )(1 +
�1 + 𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ), (D) (𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )�1 + �1 + 2𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ �.     

17. 某滑雪者沿著光滑的 34°角斜坡滑下山,在垂直下降 24 m 之後,山坡有一短暫

距離變得平坦,接著轉為 16°角之斜坡並垂直下降 38 m 之後又變為平坦,求(1)
滑雪者在兩處平坦位置的速率? (A) 16.4 m/s, 21.7 m/s, (B) 21.7 m/s, 
34.9 m/s, (C) 20 m/s, 30 m/s, (D) 30 m/s, 40 m/s; (2)在斜坡部分的動摩擦係

數為 0.11,而水平的部分仍然維持光滑的狀態,則滑雪者在兩處平坦位置的速

率?  (A) 16.4 m/s, 21.7 m/s, (B) 21.7 m/s, 34.9 m/s, (C) 20 m/s, 30 m/s, (D) 
30 m/s, 40 m/s  

18. 質量為 182 g 的木塊由彈性常數為k = 200𝑁𝑁 𝑚𝑚⁄  壓縮量為 15 cm 的彈簧發射

出去,彈簧位於無摩擦的水平面,但緊鄰彈簧平衡位置為粗糙平面,其摩擦係數

為 μ = 0.27,此摩擦平面有 85 cm 長,接著為一向上之光滑的彎曲弧線如下圖所

示,木塊被發射後會沿著彎曲弧線上升然後停止,接著滑下來並回到彈簧然後

再被發射出去。試求木塊最後停止不動的位置?(從粗糙平面的左邊起算)。(A) 



22.9 cm, (C) 34.4 cm, (D) 45.8 cm, (D) 56.4 cm. 

 
19. 質量為 710 kg 的雲霄飛車由一個巨大的彈簧發射出去,沿著光滑的翻筋斗迴

圈軌道移動,如下圖所示,彈簧之彈性常數為k = 34 𝑘𝑘𝑘𝑘 𝑚𝑚⁄ ,迴圈的半徑為 7.5 m,
求使雲霄飛車環繞迴圈彈簧所需的最小壓縮距離。(A) 2.35 cm, (B) 2.50 cm, (C) 
2.62 cm, (D) 2.77 cm.  

 
20. 下圖中 ,在非常靠近兩個氫原子位能曲線底部的部分 ,位能可以用近似值

U = 𝑈𝑈0 + 𝐴𝐴(𝑥𝑥 − 𝑥𝑥0)2 來 表 示 , 其 中 𝑈𝑈0 = −0.760 𝑎𝑎𝑎𝑎 , 𝐴𝐴 = 286𝑎𝑎𝐽𝐽 𝑛𝑛𝑛𝑛2⁄ , 
 𝑥𝑥0 = 0.0741 𝑛𝑛𝑛𝑛, 後者為平衡間距。如果總能量為 -0.717 aJ,求原子間距的範

圍. (A) 自 0.0689 nm 至 0.0793 nm, (B) 自 0.0618 nm 至 0.0864 nm, (C) 自
0.0655 nm 至 0.0827 nm, (D) 自 0.0555 nm 至 0.0927 nm 

 
21. 有一質子（質量m = 1.67 × 10−27𝑘𝑘𝑘𝑘）在線性加速器中，被直線加速到 

3.6× 1015m/s2 的速度。若質子的初速為 2.4 × 107m/s 且運動了 3.5 cm 後，

則 (1) 該質子的速率為多少？(A) 2.9 × 107m/s, (B) 5.8 × 107m/s, (C) 
2.9 × 108m/s, (D) 5.8 × 108m/s; (2) 質子動能的增量為何？ (A) 1. 1 × 10−13 𝐽𝐽, 
(B) 2.1 × 10−13 𝐽𝐽, (C) 4.2× 10−13 𝐽𝐽, (D) 6.3 × 10−13 𝐽𝐽. 

22. 有一質量 15kg 的磚塊沿著 x 軸運動,其加速度是位置的函數,如下圖所示,此圖

垂直軸的刻度設定為𝑎𝑎𝑠𝑠 = 24.0𝑚𝑚 𝑠𝑠2⁄ 。當磚塊由x = 0移動至x = 8.0 m時，產

生此加速度的力作用於磚塊上的淨功為何？ (A) 1.0 × 103 𝐽𝐽, (B) 1.2 × 103 𝐽𝐽, 
(C) 1.4 × 103 𝐽𝐽, (D) 1.6 × 103 𝐽𝐽 



 

23. 將一根 0.50 kg 的香蕉以 4.00 m/s 初速垂直往上拋出，它到達的最大高度是 
0.80 m。在香蕉上升期間，空氣阻力將導致香蕉－地球系統的力學能改變是

多少？ (A) 0.02 J, (B) 0.04 J, (C) 0.06 J, (D) 0.08 J 
24. 一顆 1.50 kg 雪球以 20.0 m/s 的初速斜向射出，其方向為水平向上 34.0°角。

試求：(1) 其初始動能為多少？(A) 100 J, (B) 200 J, (C) 300 J, (D) 400 J; (2) 當雪

球從拋射點移至最高點時，雪球－地球系統的重力位能改變量是多少？(A) 
63.8 J, (B) 73.8 J, (C) 83.8 J, (D) 93.8 J; (3) 雪球的最大高度是多少? (A) 6.38 m, 
(B) 9.57 m, (C) 12.76 m, (D) 19.04 m.  

25. 工人推動一個 23 kg 的木箱沿地板等速前進 8.4m，此力為水平向下 32°角。

若木箱與地板的動摩擦係數為 0.20，則 (1) 工人出力所作的功為何？ (1) 
435 J, (2) 653 J, (3) 870 J, (D) 1306 J; (2) 木箱－地球系統的熱能增量為何？ (1) 
435 J, (2) 653 J, (3) 870 J, (D) 1306 J.  

  



1. You slide a box of books at constant speed up a 30° ramp, applying a force of 200 
N directed up the slope. The coefficient of sliding friction is 0.18. (1) How much 
work have you done when the box has risen 1 m vertically? (A) 200 J, (B) 400 J, (C) 
600 J, (D) 800 J; (2) What’s the mass of the box? (A) 15.5 kg, (B) 31.0 kg, (C) 46.5 
kg, (D) 62.0 kg. 

2. How much work does a force 𝐹⃗𝐹 = (67𝚤𝚤̂ + 23𝚥𝚥̂ + 55𝑘𝑘�)N do as it acts on a body 
moving in a straight line from 𝑟𝑟1���⃗ = (16𝚤𝚤̂ + 31𝚥𝚥̂)m to 𝑟𝑟2���⃗ = (21𝚤𝚤̂ + 10𝚥𝚥̂ + 14𝑘𝑘�)m ? 
(A) 335 J, (B) 483 J, (C) 622 J, (D) 770 J. 

3. At what rate can a half-horsepower (1 hp = 746 W) well pump deliver water to a 
tank 80 m above the water level in the well? (Give your answer in kg/s). (A) 373 
kg/s, (B) 38.1 kg/s, (C) 0.47 kg/s, (D) 0.94 kg/s. 

4. A 1400-kg car ascends a mountain road at a steady 60 km/h, against a 550-N 
force of air resistance. If the engine supplies energy to the drive wheels at the 
rate of 38 kW, what’s the slope angle of the road? (A) 7.2°, (B) 14.4°, (C) 21.6°, (D) 
28.8° 

5. The energy in a batted baseball comes from the power delivered while the bat is 
in contact with tha ball. The most powerful hitters can supply some 10 
horsepower (1 hp = 746 W) during the brief contact time, propelling the ball to 
over 100 miles per hour. The figure shows data taken from a particular hit, giving 
the power the bat delivers to the ballas a function of time. 

 
(1) Which of the following is greatest at the peak of the curve? 

(A) The ball’s kinetic energy 
(B) The ball’s speed 
(C) The total work the bat has done on the ball 
(D) The rate which the best supplies energy to the ball 

(2) The ball has its maximum speed at about 
(A) 85 ms 
(B) 145 ms 
(C) 185 ms 
(D) Whenever the force is greatest 

(3) As a result of being hit, the ball’s kinetic energy increases by about 
(A) 550 J 



(B) 1.3 kJ 
(C) 7.0 kJ 
(D) You can’t tell because you don’t know its speed coming from the pitcher. 

(4) The force on the ball is greatest approximately 
(A) at 185 ms 
(B) before the peak in the figure 
(C) at the peak in the figure 
(D) after the peak in the figure but before 185 ms 

6. After a tornado, a 0.5-g drinking straw was found embedded 4.5 cm in a tree. 
Subsequent measurements showed that the tree exerted a stopping force of 70 N 
on the straw. What was the straw’s speed? (A) 27.5 m/s, (B) 55 m/s, (C) 82.5 m/s, 
(D) 110 m/s. 

7. Workers pushing a 180-kg trunk across a level floor encounter a 10-m-long region 
where the floor becomes increasingly rough. The coefficient of kinetic friction 
here is given by 𝜇𝜇𝑘𝑘 = 𝜇𝜇0 + 𝑎𝑎𝑥𝑥2, where 𝜇𝜇0 = 0.17, 𝑎𝑎 = 0.0062𝑚𝑚−2, and x is 
the distance from the beginning of the rough region. How much work does it take 
to push the trunk across the region? (A) 6.6 kJ, (B) 9.9 kJ, (C) 13.2 kJ, (D) 19.8 kJ. 

8. A tugboat pushs a cruise ship with force 𝐹⃗𝐹 = (1.2𝚤𝚤̂ + 2.3𝚥𝚥̂)MN, moving the ship 
along a straight path with displacement Δ𝑟𝑟 = (380𝚤𝚤̂ + 460𝚥𝚥̂)m, Find (1) the 
work done b the tugboat: (A) 755 MJ, (B) 1510 MJ, (C) 2265 MJ, (D) 3120 MJ; and 
(2) find  the angle between the force and displacement: (A) 12°, (B) 24°, (C) 36°, 
(D) 48°. 

9. In midday sunshine, solar energy strikes Earth at the rate of about 1 kW/m2. How 
long would it take a perfectly efficient solar collector of 15-m2 area to collect 40 
kWh of energy? (Note: This is roughly the energy content of a gallon of gasoline.) 
(A) 1.6h, (B) 2.0h, (C) 2.4h, (D) 2.7h 

10. An elastic cord used in bungee jumping is normally 11 m long and has spring 
constant k = 250 N/m. At the lowest point in a jump, the cord length has doubled. 
(1) How much work has been done on the cord? (A) 5kJ, (B) 10 kJ, (C) 15 kJ, (D) 20 
kJ. (2) As the cord stretches its final meter and first meter, respectively, what’s the 
ratio of the work done between them? (A) 11, (B) 21, (C) 31, (D) 41. 

11. (1) Determine the work you would have to do to move a block of mass m from 
point 1 to point 2 at constant speed over the two paths shown in the figure. The 
coefficient of friction has the constant value μ over the surface. Note: the 

diagram lies in a horizontal plane. (A) 𝑊𝑊𝑎𝑎 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, (B) 
𝑊𝑊𝑎𝑎 = −𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑊𝑊𝑏𝑏 = −𝑚𝑚𝑚𝑚𝑚𝑚 , (C) 𝑊𝑊𝑎𝑎 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑊𝑊𝑏𝑏 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 , (D) 
𝑊𝑊𝑎𝑎 = 𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = 𝑚𝑚𝑚𝑚𝑚𝑚. (2) Now take the figure to lie in a vertical plane, and 
find the work done by the gravitational force as an object moves from point 1 to 



point 2 over each of the paths shown. (A) 𝑊𝑊𝑎𝑎 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 
(B) 𝑊𝑊𝑎𝑎 = −𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −𝑚𝑚𝑚𝑚𝑚𝑚, (C) 𝑊𝑊𝑎𝑎 = −√2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = −2𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚, (D) 
𝑊𝑊𝑎𝑎 = 𝑚𝑚𝑚𝑚𝑚𝑚, 𝑊𝑊𝑏𝑏 = 𝑚𝑚𝑚𝑚𝑚𝑚. 

 
12. A particle slides back and forth on a frictionless track whose height as a function 

of horizontal position x is y = a𝑥𝑥2, where a = 0.95m-1. If the particle’s maximum 
speed is 9.2 m/s, find its turning points. (A) ±0.55 m, (B) ±1.1 m, (C) ±1.7 m, 
(D) ±2.1 m 

13. Popes used in rock climbing are “springy” so that they cushion a fall. A particular 
rope exerts a force F = −kx + b𝑥𝑥2, where k = 223𝑁𝑁 𝑚𝑚⁄ , b = 4.10𝑁𝑁 𝑚𝑚2⁄ , and 
x is the stretch. Find the potential energy stored in this rope when it’s been 
stretched 2.62 m, taking U = 0 at x = 0. (A) 185 J, (B) 371 J, (C) 556 J, (D) 741 J. 

14. A 100-g block slides back and forth on a frictionless surface between teo springs, 
as shown in the figure. The left-hand spring has k = 110 N/m and its maximum 
compression is 20 cm. The right-hand spring has k = 240 N/m. Find (1) the 
maximum compression of the right-hand spring: (A) -7.0 cm, (B) -10.5 cm, (C) 
-13.5 cm, (D) -16.0 cm; and (2) find the speed of the block as it moves between 
the springs: (A) ±6.63 m/s, (B) ±8.63 m/s, (C) ±10.63 m/s, (D) ±12.63 m/s 

 
15. A lock slides on a frictionless loop-the-loop track shown in the figure. Find the 

minimum height h at which it can start from rest and still make it around the loop. 
(A) 3R/2, (B) 2R, (C) 5R/2, (D) 3R. 

 
16. A mass m is dropped from height h above the top of a spring of constant k 

mounted vertically on the floor. Find the spring’s maximum compression is (A) 

(2𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )(1 + �1 + 𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ) , (B) (2𝑚𝑚𝑔𝑔 𝑘𝑘⁄ )(1 + �1 + 2𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ) , (C) 
(𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )(1 + �1 + 𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ), (D) (𝑚𝑚𝑚𝑚 𝑘𝑘⁄ )(1 + �1 + 2𝑘𝑘ℎ 𝑚𝑚𝑚𝑚⁄ ). 



17. A skier starts down a frictionless 34° slpoe. After a vertical drop of 24 m, the 
slope temporarily levels out and then slopes down at 16°, dropping an additional 
38 m vertically before leveling out again. (1) Find the skier’s speed on the two 
level stretches. (A) 16.4 m/s, 21.7 m/s, (B) 21.7 m/s, 34.9 m/s, (C) 20 m/s, 
30 m/s, (D) 30 m/s, 40 m/s (2) Repeat problem (1) for the case when the 
coefficient of kinetic friction on both slopes is 0.11, while the level stretches 
remain frictionless. (A) 16.4 m/s , 21.7  m/s , (B) 21.7 m/s , 34.9 m/s,  (C) 
20 m/s, 30 m/s, (D) 30 m/s, 40 m/s 

18. A 182-g block is launched by compressing a spring of constant k = 200𝑁𝑁 𝑚𝑚⁄  by 
15 cm. The spring is mounted horizontally, and the surface directly under it is 
frictionless. Bur beyond the equilibrium position of the spring end, the surface 
has frictional coefficient μ = 0.27. This frictional surface extends 85 cm, followed 
by a frictionless curved rise, as shown in the figure. After it’s launched, where 
does the block finally come to rest? (Measure from the left end of the frictional 
zone) (A) 22.9 cm, (C) 34.4 cm, (D) 45.8 cm, (D) 56.4 cm. 

 

19. An 710-kg roller-coaster car is launched from a giant spring with k = 34 𝑘𝑘𝑘𝑘 𝑚𝑚⁄  
into a frictionless loop-the-loop track of radius 7.5 m, as shown in the figure. 
What’s the minimum spring compression that ensure the car stays on the track. 
(A) 2.35 cm, (B) 2.50 cm, (C) 2.62 cm, (D) 2.77 cm. 

 

20. Very near the bottom of the potential well in the figure, the potential energy of 
the two-atom system given approximately by U = 𝑈𝑈0 + 𝐴𝐴(𝑥𝑥 − 𝑥𝑥0)2 , where 
𝑈𝑈0 = −0.760 𝑎𝑎𝑎𝑎, 𝐴𝐴 = 286 𝑎𝑎𝐽𝐽 𝑛𝑛𝑛𝑛2⁄ , and  𝑥𝑥0 = 0.0741 𝑛𝑛𝑛𝑛  is the equilibrium 
separation. What range of atomic separations is allowed if the total energy is 
-0.717 aJ? (A) from 0.0689 nm to 0.0793 nm, (B) from 0.0618 nm to 0.0864 nm, 
(C) from 0.0655 nm to 0.0827 nm, (D) from 0.0555 nm to 0.0927 nm 



 
21. A proton (mass m = 1.67 × 10-27 kg) is being accelerated along a straight line at 

3.6 × 1015 m/s2 in a machine. If the proton has an initial speed of 2.4 × 107 m/s 
and travels 3.5 cm, (1) what is its speed? (A) 2.9 × 107m/s, (B) 5.8 × 107m/s, (C) 
2.9 × 108m/s, (D) 5.8 × 108m/s; and (2) what is the increase in its kinetic energy? 
(A) 1. 1 × 10−13 𝐽𝐽, (B) 2.1 × 10−13 𝐽𝐽, (C) 4.2× 10−13 𝐽𝐽, (D) 6.3 × 10−13 𝐽𝐽. 

22. A 15 kg brick moves along an x axis. Its acceleration as a function of its position is 
shown in the figre. The scale of the figure's vertical axis is set by as = 24.0 m/s2. 
What is the net work performed on the brick by the force causing the 
acceleration as the brick moves from x = 0 to x = 8.0 m? (A) 1.0 × 103 𝐽𝐽, (B) 
1.2 × 103 𝐽𝐽, (C) 1.4 × 103 𝐽𝐽, (D) 1.6 × 103 𝐽𝐽 

 
23. A 0.50 kg banana is thrown directly upward with an initial speed of 4.00 m/s and 

reaches a maximum height of 0.80 m. What change does air drag cause in the 
mechanical energy of the banana–Earth system during the ascent? (A) 0.02 J, (B) 
0.04 J, (C) 0.06 J, (D) 0.08 J 

24. A 1.50 kg snowball is shot upward at an angle of 34.0° to the horizontal with an 
initial speed of 20.0 m/s. (1) What is its initial kinetic energy? (A) 100 J, (B) 200 J, 
(C) 300 J, (D) 400 J; (2) By how much does the gravitational potential energy of 
the snowball–Earth system change as the snowball moves from the launch point 
to the point of maximum height? (A) 63.8 J, (B) 73.8 J, (C) 83.8 J, (D) 93.8 J; (3) 
What is that maximum height? (A) 6.38 m, (B) 9.57 m, (C) 12.76 m, (D) 19.04 m. 

25. A worker pushed a 23 kg block 8.4 m along a level floor at constant speed with a 
force directed 32° below the horizontal. If the coefficient of kinetic friction 
between block and floor was 0.20, (1) what was the work done by the worker's 
force? (1) 435 J, (2) 653 J, (3) 870 J, (D) 1306 J. and (2) what was the increase in 
thermal energy of the block–floor system? (1) 435 J, (2) 653 J, (3) 870 J, (D) 1306 



J. 
 
1. (1) B, (2) B. 
2. C 
3. C 
4. A 
5. (1) D, (2) C, (3) A, (4) B 
6. D 
7. A 
8. (1) B, (2) A 
9. D 
10. (1) C, (2) B 
11. (1) A  (2) B   
12. D 
13. D 
14. (1) C, (2) A 
15. C 
16. D 
17. (1) B, (2) C  
18. A 
19. D 
20. B 
21. (1) A, (2) B 
22. C 
23. D 
24. (1) C, (2) D, (3) A 
25. (1) A, (2) A 
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