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A man cleaning a floor pulls a vacuum cleaner with a force  

of magnitude F = 34.6 N at an angle of 12.5˚ with the horizontal.  

Calculate the work done by the force on the vacuum cleaner  

as the vacuum cleaner is displaced 4.87 m to the right. 

 

 

 

A wagon is pulled with a rope that makes an 

angle of 30° to the horizontal as shown in the 

figure. The tension in the rope is 50.0 N. 

What is the work done by the force on the 

wagon if it moves 30 m on the horizontal 

surface? 

مع الأفقي،  °30یتم سحب عربة بحبل یصنع زاویة قیاسھا 
 ا م  N 50.0كما ھو موضح في الشكل. قوة الشد في الحبل

إذا تحركت مسافة  الشغل الذي تبذلھ القوة المؤثرة على العربة 
30 m   لى السطح الأفقي؟ع 

 

A. 1500 J 

B. 3300 J 

C. 1300 J 

D. 2500 J 
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The adjacent figure shows a force acting in  

the positive direction of the x- axis the work done  

by the force when it moves from x = 0.2 to x = 0.4 

 

A-   0.4 J 

B- - 0.4 J 

C-   0.8 J 

D-   0 J 

 

 

 

 

 

 

A person pulling a 5 kg crate along the floor.  

with a force F = 40 N making an angle 65° 

from the horizontal to move the box a  

distance d = 4.5m. if the friction force 

is 15 N. What will be the net work and final crate speed. 

 

 

 Net work Final Speed 

A 76 J 5.51 m/s 

B 8.6 J 1.85 m/s 

C 67.5 J 5.19 m/s 

D 55 J 5.51 m/s 
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At sea level, a nitrogen molecule in the air has an average kinetic energy of 6.2 x 10–21 J. Its 

mass is 4.7 x 10–26 kg. If the molecule could shoot straight up without colliding with other 

molecules. 

a- How high would it rise?  

 

 

 

 

 

 

b- What is the molecule’s initial speed?  

 

 

 

 

 

 

 

weightlifter lifts a 200 N barbell from the floor to a height of 2 m. How much work is done? 

a. 0 J   

b. 100 J  

c. 200 J  

d. 400 J 
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A crane lowers a girder into place at constant speed. Consider the work WG done by 

gravity and the work WT done by the tension in the cable. Which is true? 

 

A.  WG > 0 and WT > 0 

B.  WG > 0 and WT < 0 

C.  WG < 0 and WT > 0 

D.  WG < 0 and WT < 0 

 

 

 

Anas uses a horizontal force of 20N to push  

a 4 kg box along a horizontal surface for  

3 m, then lifts the box up to a shelf 1 m high.  

What is the total work done on the box? 

 لدفع صندوق كتلتھ  N  20استخدم أنس قوة أفقیة مقدارھا

Kg  4  3على سطح أفقي مسافة m ثم رفع الصندوق إلى ،
ا ھو الشغل الإجمالي الذي تم إنجازه على  م   m 1رف بارتفاع
 الصندوق؟
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During a storm, a crate of crepe is sliding across a slick, 

oily parking lot through a displacement 𝒅𝒅 ���⃑   = (−3.0 m)𝒙𝒙� 

while a steady wind pushes against the crate with a force 𝑭𝑭 ���⃑   = (2.0 N) 𝒙𝒙� + (− 6.0 N) 𝒚𝒚�. The situation and coordinate 

axes are shown in Fig. 

 

(a) How much work does this force do on the crate during the displacement? 

 

 

 

 

(b) If the crate has a kinetic energy of 10 J at the beginning of displacement 𝒅𝒅 ���⃑ , what is its  

      kinetic  energy at the end of 𝒅𝒅 ���⃑ ? 

 

 

 

At t = 0, force 𝑭𝑭 ���⃗   = (−5.00 𝒙𝒙� + 5.00𝒚𝒚�  + 4.00𝒚𝒚�  ) N begins to act on a 2.00 kg particle  

with an initial speed of 4.00 m/s. What is the particle’s speed when its displacement from 

the initial point is  𝒅𝒅 ���⃗   = (2.00𝒙𝒙�  + 2.00𝒚𝒚�  + 7.00𝒛𝒛�  ) m? 
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A particle moves parallel to the x-axis. The net force on the particle increases with x 

according to the formula Fx = (120 N/m) x, where the force is in newtons when x is in 

meters. How much work does this force do on the particle as it moves from x = 0  

to x = 0.50 m? 

a) 7.5 J                                     b) 15 J 

c) 30 J                                      d) 60 J 

 

 

 

 

 

A. What is the final speed of the roller coaster shown if it starts from rest at the top of the 

20.0 m hill and work done by frictional forces is negligible? 

 

 

 

 

B. What is its final speed (again assuming negligible friction) if its initial speed is 5.00 m/s? 

 

 

What is the kinetic energy of an ideal projectile of mass 20.1 kg at the apex (highest point) 

of its trajectory, if it was launched with an initial speed of 27.3 m/s and at an initial angle 

of 46.9° with respect to the horizontal? 
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Does the Earth do any work on the Moon as the Moon moves in its orbit? 

No. The gravitational force that the Earth exerts on the Moon is perpendicular to the Moon’s 

displacement and so no work is done 

 

 

A block is sent up a frictionless ramp along which an x axis  

Extends upward. The kinetic energy of the block as a function  

of position x;  the scale of the figure’s vertical axis is set by  

Ks = 40.0 J. If the block’s initial speed is 4.00 m/s, what is 

the normal force on the block? 

 

 

 

 

 

 

 

A constant force delivers an average power 

of 6 watts to move an object. If the object 

has an average velocity of 3 m/s and the 

force acts in the direction of motion of the 

object, what is the magnitude of the force? 

لتحریك جسم. إذا   watt6 قوة ثابتة تسلم قدرة متوسطة تبلغ  
والقوة تعمل  m/s3 كان لدیك الجسم سرعة متوسطة قدرھا 

 فما ھو مقدار القوة؟في اتجاه حركة الجسم، 

 

 

 

 

 

A curling stone with a mass of 19.96 kg is 

given an initial velocity of 2.46 m/s. The 

stone slides on the ice with a coefficient of 

kinetic friction of 0.0109. How far does the 

stone slide before it stops? 

 ، كانت سرعتھ الابتدائیة  kg  19.96حجر تجعید كتلتھ 

  m/s2.46 نزلق الحجر على الجلید بمعامل احتكاك حركي  ی
 إلى أي مدى ینزلق الحجر قبل أن یتوقف؟. 0.0109قدره 

a) 18.7 m  

b) 28.3 m  

c) 34.1 m  

d) 39.2 m 
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In which of the following cases is the work done is zero? 

 

A. Work done by the porter on a suitcase in lifting it from the platform on to his head. 

B. Work done by the force of gravity on suitcase as the suitcase falls from porter's head. 

C. Work done by the porter standing on platform with suitcase on his head. 

D. Work done by force of gravity on a ball thrown up vertically up into the sky. 

 

A car, of mass m, traveling at a speed v1 can brake to a stop within a distance d. If the car 

speeds up by a factor of 2, so that v2 = 2v1, by what factor is its stopping distance 

increased, assuming that the braking force F is approximately independent of the car’s 

speed? 

 

A- 2d 

B- 4d 

C- d/2 

D- d/4 

 

A 1000 W electric motor lifts a 100 kg safe 

at constant velocity. The vertical distance 

through which the motor can raise the safe 

in 10 s is most nearly   

  Kg 100یرفع خزنة وزنھا  W 1000محرك كھربائي قدرتھ 

المسافة الرأسیة التي یمكن للمحرك من خلالھا بسرعة ثابتة. 
 تقریبًاs 10 خلال  رفع الخزنة

 

A. 1 m   

B. 3 m   

C. 10 m  

D. 100 m 

 

 

You push your couch a distance of 4.00 m across the living room floor with a horizontal 

force of 200.0 N. The force of friction is 150.0 N. What is the work done by you, by the 

friction force, by gravity, and by the net force? 
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You drop a 2.00 kg book to a friend who stands on the  

ground at distance D = 10.0 m below. If your friend’s  

outstretched hands are at distance d = 1.50 m from ground. 

(a) how much work Wg does  the gravitational force 

     do on the book as it drops to her hands? 

(b) What is the change ΔU in the gravitational 

     potential energy of the book 

 

 

 

 

 ΔUg Wg 

A -196.0 J +196.0 J 

B -166.6 J +166.6 J 

C +166.6 J -166.6 J 

D -29.4 J +166.6 J 

 

 

 

 

A spring is being stretched 0.07 m from its 

equilibrium position. If this stretching requires 

of 35.0 J work, what is the spring constant? 

من موضع اتزانھ. إذا كان  m 0.07 تم مد زنبرك مسافة  
فما ثابت  ، J 35.0 ھذا التمدد یتطلب شغلاً مقداره 

 الزنبرك؟
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As in the figure next door, a mass of 16 kg spring is suspended 

 from it and it lengthens by 55.0 cm 

 The magnitude of the spring constant  

and the work done by the spring to lengthen it are equal 

 

 spring constant work done 

A 27 N/m - 540 J 

B 270 N/m - 540 J 

C 270 N/m - 0.054 J 

D 27 N/m - 0.054 J 

 

 

 

Ball A has half the mass and eight times the kinetic energy of ball B.  

What is the speed ratio vA/vB? 

A. 16 

B. 4 

C. 1/16 

D. 1/4 

 

 

A 4.0-kg object is moving with speed 2.0 m/s. A 1.0-kg object is moving with speed 4.0 

m/s. Both objects encounter the same constant braking force, and are brought to rest. 

Which object travels the greater distance before stopping? 

A) the 4.0-kg object 

B) the 1.0-kg object 

C) Both objects travel the same distance. 

D) It is impossible to know without knowing how long each force acts. 
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A father pulls his son, whose mass is 25.0 kg and who is sitting on a swing with ropes of 

length  3.00 m, backward until the ropes make an angle of 33.6° with respect to the 

vertical. He then releases his son from rest. What is the speed of the son at the bottom of 

the swinging motion? 

 

 

 

 

 

 

 

 

 

The following curve shows the a variable force acting on a box that moves  

from x = 0 to x = 40 m 

 

 

a- Find the work done in displacing box from x = 0 to x = 30 m 

 

 

 

 

b- If the box has an initial speed of 25 m/s what will be its speed at x = 30 m 
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A road worker moves a 32 kg road marking machine by pushing it  

with a force of magnitude F, making an angle of 25 ° below  

the horizontal. The marking machine rolls at a constant speed  

of 0.5 m/s on a horizontal asphalt road surface. The coefficient  

of rolling friction between the marking machine and the asphalt  

is 0.18. Find the power delivered by the worker. 

 

A. 14 W 

B. 31 W 

C. 123 W 

D. 150 W 

 

 

 

 

car of mass 942.4 kg accelerates from rest with a constant power output of 140.5 hp. 

Neglecting air resistance, what is the speed of the car after 4.55 s? 

(1 hp = 735.5 watt) 

 

 

 

 

 

 

 

An ideal spring has the spring constant k = 440. N/m. Calculate the distance this spring 

must be stretched from its equilibrium position for 25.0 J of work to be done. 
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A horizontal spring with spring constant k = 15.19 N/m is compressed 23.11 cm from its 

equilibrium position. A hockey puck with mass m = 170.0 g is placed against the end of 

the springe. spring is released, and the puck slides on horizontal ice, with a coefficient of 

kinetic friction of 0.02221 between the puck and the ice. How far does the hockey puck 

travel on the ice after it leaves the spring? 

 

 

 

 

 

 

 

 

 

 

A 4.0 Kg box was pushing the spring 20 cm when it is released  

and the spring constant is 0.55 N/m. What is the maximum  

height does the box reach from the ground? 

 

 

 

 

 

You push a box along a flat, smooth surface for 20 m according to the graph shown below. 

How much work have you done on the box? 
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A block of unknown mass is sliding along a flat surface with 30 m/s when it enters a long, 

rough patch. If the coefficient of friction between the block and the floor is 0.6, calculate 

the distance the block travels before stopping. 

 

 

 

 

 

 

1. The mechanical energy of an object is always equal to 

a. the work done on the object. 

b. the change in the object’s kinetic energy. 

c. the sum of the object’s kinetic and potential energies. 

d. All are correct 

 

 

For the following object to move from A to B 

 

 gravitational potential energy Ug work done by gravity Wg 

A mgh 12 mgh 

B 12 mgh - mgh 

C mgh - 
12 mgh 

D 12 mgh - mgh 
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A E = K + U 

B K + U = 0 

C ∆E = 0 

D ∆E = - ∆U 
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A block of mass 1.40 kg is attached to a spring and sits on a frictionless table which is a 

height h = 4.0 m above the floor. The spring is compressed by d = 0.11 m initially. If the 

spring constant is k = 600 N/m, what is the speed of the block when it leaves the spring? 

 

 

 

a. 1.2 m/s 

b. 2.3 m/s 

c. 3.4 m/s 

d. 4.7 m/s 
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An external force is added to compress the spring even further, to a length of only 0.70 m. 

At a height of 7.50 m above the top of the barrel is a spot on the tent that the human cannonball, 

of height 1.75 m and mass 68.4 kg, is supposed to touch at the top of his trajectory. Removing 

the external force releases the spring and fires the human cannonball vertically upward. 

 

Problem 1 

What is the value of the spring constant needed to accomplish this stunt? 

 

 

Problem 2 

What is the speed that the human cannonball reaches as he passes the equilibrium position of 

the spring? 
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A spring with k = 10.0 N/cm is initially stretched 1.00 cm from its equilibrium length. 

 

a) How much more energy is needed to further stretch the spring to 5.00 cm 

     beyond its equilibrium length? 

 

 

 

b) From this new position, how much energy is needed to compress the 

     spring to 5.00 cm shorter than its equilibrium position? 

 

 

 

 

 

A ball with mass m is thrown vertically into the air 

with an initial speed v Which of the following 

equations correctly describes the maximum height 

h of the ball? 

 ابتدائیةرأسیًا في الھواء بسرعة  m كتلتھا قذفت كرة 

v   أي من المعادلات التالیة تصف بشكل صحیح أقصى
 للكرة؟ h ارتفاع
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Which of the following is true regarding conservative forces?  

 

 

A. The work done by conservative forces is path dependent. 

B. The work done by conservative forces is path independent. 

C. Gravity is a non-conservative force. 

D. Friction is a conservative force.  

 

 

Which of the following statements are true about conservative and non-conservative forces? 

 

A. For conservative forces energy is dissipated as heat energy. 

B. The forces due to air resistance and friction are conservative forces. 

C. Work done by nonconservative forces is independent of the path. 

D. Work done by conservative forces in a closed path equal zero. 

 

 

 

 

 

for a one-dimensional case, the work-kinetic energy theorem is equivalent to newton’s 

second law 
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WORK DONE ON A SYSTEM BY AN EXTERNAL FORCE 

 

 

 

 

Positive work W done on an arbitrary 

system means a transfer of energy 

to the system. 

Negative work W means a transfer of 

energy from the system. 
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A boy on a sled starts from rest and slides down a snow-covered hill. Together the boy and sled 

have a mass of 23.0 kg. The hill’s slope makes an angle 𝜽𝜽 = 35.0° with the horizontal.  

The surface of the hill is 25.0 m long. When the boy and the sled reach the bottom of the hill, 

they continue sliding on a horizontal snow-covered field. The coefficient of kinetic friction 

between the sled and the snow is 0.100. How far do the boy and sled move on the horizontal 

field before stopping? 
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A 60.0-kg skier with an initial speed of 12.0 m/s coasts up a 2.50-m-high rise 

given that the coefficient of friction between her skis and the snow is 0.0800. 

 

 

a. How much work does friction do on the skier? 

 

 

 

 

b. Find her final speed at the top. 

 

 

 

 

 

The graph shows the component (F cos𝜽𝜽) of the net force that acts on a 2.00-kg block as it moves 

along a flat horizontal surface. Find 

a) the net work done on the block; 

b) the final speed of the block if it starts from rest at s = 0. 
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Santa’s reindeer pull his sleigh through the snow at a speed of 3.333 m/s. The mass of the sleigh, 

including Santa and the presents, is 537.3 kg. 

Assuming that the coefficient of kinetic friction between the runners of the sleigh and the snow  

is 0.1337, what is the total power that the reindeer are providing? 

 

 

 

 

 

 

 

 

 

 

 

Calculate the power required of a 1400-kg car under the following circumstances:  

(a) the car climbs a 10° hill (a fairly steep hill) at a steady 80 km/h and  

(b) the car accelerates along a level  road from 90 to 100 km/h in 6.0 s  

      to pass another car.  

 

 

Assume the average retarding force Fr = 600 N on the car is throughout 
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A 103-kg car travels 2.50 km up an incline at constant velocity. 

The incline has an angle of 3.00° with respect to the horizontal. 

 

   A- What is the change in the car’s potential energy? 

 

 

 

 

 

 

  B- What is the net work done on the car? 

 

 

 

 

 

 

A person pushes a box of mass m a distance d across a floor. The coefficient of kinetic friction 

between the box and the floor is μk. The person then picks up the box, raises it to a height h, carries 

it back to the starting point, and puts it back down on the floor. How much work has the person 

done on the box? 

a) zero 

b) μkmgd 

c) μkmgd + 2mgh 

d) μkmgd – 2mgh 

 

 

 

The potential energy, U(x), is shown as a function of position, x, in the figure. In which region is the 

magnitude of the force the highest? 
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the potential energy of a body in as a function of its displacement is given by the relationship:  

U(x) = (-2x2 + 8x +3) J 

What is the magnitude of its displacement when it is a force is 8 N? 

 

A- 1 m 

B- 0 m 

C- 1.5 m 

D- 4 m 

 

 

The adjacent graph shows the relationship between the potential energy of a particle moving in one 

dimension.  Identify the stages in which there is no force, and the stages in which the force is positive 

and negative force. 

 

 

 

OA AB BC CD 

    

 

 

(b) What is the direction of the force when the particle is in region AB 
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A block of mass 0.773 kg on a spring with spring constant 239.5 N/m oscillates vertically with 

amplitude 0.551 m. What is the speed of this block at a distance of 0.331 m from the equilibrium 

position? 

 

 

 

 

 

 

 

 

A 80.0-kg fireman slides down a 3.00-m pole by applying  

a frictional force of 400. N against the pole with his hands.  

If he slides from rest, how fast is he moving once he reaches the ground? 
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A ball of mass 0.50 kg is released from rest at point A, which is  

5.0 m  above the bottom of a tank of oil, as shown in 

the figure. At point B, which is 2.0 m 

above the bottom of the tank, the ball has 

a speed of 6.0 m/s. The work done on the 

ball by the force of fluid friction is…… 

 

 

a) +15 J. 

b) +9 J. 

c) –15 J. 

d) –5.7 J. 

 

 

A spring with spring constant k is oriented vertically and compressed downward a distance x from 

its equilibrium position. An object of mass m is placed on the upper end of the spring, and the 

spring is released. 

The object rises a distance h above the equilibrium position of the spring. If the spring is then 

compressed downward by the same distance x and an object of mass 3 m is placed on it, how high 

will the object rise when the spring is released? 

 

a) h 

b) 3h 

c) h/3 

d) h3 
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What is the safe length of the jumping wire 

a jumper of mass 80 kg can use 

Ljumper = 1.85 m. 

Lmax = 75.0 m 

Spring constant  k = 50.0 N/m 

 

a) 24.8 m. 

b) 42.6 m. 

c) 24.6 m. 

d) 16.6 m. 

 

 

 

 

 

How fast would you have to throw a 150-g rock for it to have the same momentum as a 10-g sniper 

rifle bullet travelling at 900 m/s? 

 

 

 

 

 

a) What is the ratio of the momentum of the SUV to that of the car? 

 

 

 

 

b) What is the ratio of the kinetic energy of the SUV to that of the car? 
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A 150-g rubber ball is moving at 40m/s to the right, when it hits a wall and bounces back. After the 

bounce, the ball is moving at 45m/s to the left.  

 

a) Calculate the impulse delivered to the ball during the bounce.  

 

 

 

b) If the wall exerts an average force of 410N during the bounce, calculate the amount of time the ball  

     is in contact with the wall. 

 

 

 

 

 

 

 

 

 

An object experiences a force given by the graph below.  

What value of Fmax would give an impulse of 6 N⋅s? 
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Object A moves at 10 m/s at 53° and Object B moves at 5 m/s at –37° as shown below. Calculate 

the magnitude of the system's total momentum if both objects have a mass of 2 kg. 

 

 

 

A. 21.6 kg⋅m/s 

B. 22.4 kg⋅m/s 

C. 29.7 kg⋅m/s 

D. 9.17 kg⋅m/s 

 

 

 

 

On a frictionless air hockey table, puck A of mass 0.250 kg moves to the right and collides with 

puck B of mass 0.38 kg, which is initially at rest. After the collision, puck A is moving the left at 

0.12 m/s and puck B moves to the right at 0.65 m/s.  

What was the initial velocity of puck A before the collision? 

 

A. 0.73 m/s 

B. 0.57 m/s 

C. 0.87 m/s 

D. 1.1 m/s 

 

 

 

An 80-kg astronaut is stranded floating in space is 30 m away from his spaceship. He wants to 

return to his spaceship in 20 s. How fast must he throw his 2-kg space hammer, directly away from 

the spaceship, to accomplish this? 

A. 40 m/s 

B. 120 m/s 

C. 240 m/s 

D. 60 m/s 
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You notice that a shopping cart 20.0 m away is moving with a velocity of 0.700 m/s toward you. 

You launch an identical cart with a velocity of 1.10 m/s directly at the other cart in order to 

intercept it. When the two carts collide elastically, they remain in contact for 0.200 s. 
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A Major League pitcher throws a fastball that crosses home plate with a speed of 40.23 m/s and an 

angle of 5.0° below the horizontal. A batter slugs it for a home run, launching 

it with a speed of 49.17 m/s at an angle of 35.0° above the horizontal. 

The mass of a baseball is 0.145 kg. 

 

 

 

 

What is the magnitude of the impulse  

the baseball receives from the bat? 

 

 

 

 

 

 

 

If the contact between the ball and the bat lasted 1.20 ms. What was the magnitude of 

the average force exerted on the ball by the bat during that time? 
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One of the events in the Scottish Highland Games is the sheaf toss, in which a 9.09-kg bag of hay is 

tossed straight up into the air using a pitchfork. During one throw, the sheaf is launched straight up 

with an initial speed of 2.70 m/s. 

 

 

a) What is the impulse exerted on the sheaf by gravity during the upward 

    motion of the sheaf (from launch to maximum height)? 

 

 

 

b) Neglecting air resistance, what is the impulse exerted by gravity on the 

     sheaf during its downward motion (from maximum height until it hits the ground)? 

 

 

 

 

 

 

 

 

c) Using the total impulse produced by gravity, determine how long the sheaf is airborne. 
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A bicyclist coasts down a 6.0° hill at a steady speed of 4.0 m/s Assuming a total mass of 75 kg 

(bicycle plus rider), what must be the cyclist’s power output to climb the same hill at the same 

speed 
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