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Work Done by a Varying Force 
 عندما الحركة مع التعامل في يساعدنا سوف الشغل مفهوم استخدام أن سابقا ذكرنا
 تؤثر 10N قدرها منتظمة قوة نفترض دعنا ذلك ولتوضيح منتظمة، غير القوة تكون
 مقدارها اإلزاحة فإن وبالتالي  xf=25m إلى xi=5m من مسافة ليتحرك جسم على

20m، الشكل، في كما اإلزاحة ومحور القوة محور نرسم بيانيا   ذلك ولتمثيل 
 .x محور يوازي مستقيم خط هي القوة تكون وبالتالي
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Work = F s = 10×(25-5) = 200J 
  

 المنحنى تحت المساحة عن عبارة وهذا
 10N عرضه الذي المستطيل مساحة وهى

 .20m وطوله

 كون القوة متغيرة خالل اإلزاحة حالة 

Particle acted on by a varying force. Clearly, 𝐹 . 𝑑 (F cosT d ) 
is not constant! 

A particle acted on by a 
variable force, F, moves 
along the path shown from 
point a to point b 
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For a force that varies, the work can be approximated by 
dividing the distance up into small pieces, finding the work 
done during each, and adding them up.  

Work done by a force F is approximately equal to the sum of 
the areas of the rectangles. 
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In the limit that the pieces become infinitesimally narrow, the 
work is the area under the curve: 

Work done by a force F is exactly equal to the area under the 
curve of  F cos θ vs. l. 
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Example 1 
If an applied force varies with position according to Fx = 3x3 - 5, 
where x is in m, how much work is done by this force on an object 
that moves from x=4m to x=7m? 
Solution 

F = 3x3 – 5 
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Force of a Spring 
a common physical system on which the force varies with 
position is a block on a frictionless, horizontal surface and 
connected to a spring. 
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Force of a Spring 
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If the spring is either stretched or compressed a small distance from its 
equilibrium position, it exerts on the block a force 

 
where x is the position of the block relative to its equilibrium (x=0) 
position and k is a positive constant called the spring constant of the 
spring. 

xF kx �

Hooke’s Law 
the force required to stretch or compress a spring is proportional to the 
amount of stretch or compression x. This force law for springs is known 
as Hooke’s law. 
 

 

The value of k is a measure of the stiffness of the spring. Stiff springs 
have large k values, and soft springs have small k values. 

The negative sign in the equations signifies that the force exerted by 
the spring is always directed opposite the displacement from 
equilibrium. 

Because the spring force always acts toward the equilibrium position  
(x = 0), it is sometimes called a restoring force. 

Dr. Hazem Falah Sakeek    www.hazemsakeek.net    &   www.physicsacademy.org 10 

xF kx �

Dr. Hazem Falah Sakeek




8/1/2013 

6 

Work Done by a Spring 
Suppose the block has been pushed to the 
left to a position -xmax and is then released.  

The work Ws done by the spring force on 
the block as the block moves from 
xi = -xmax to xf = 0. 

Applying equation 
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𝑊 =  𝐹 . 𝑑𝑥 
𝑥𝑓

𝑥𝑖
 

𝑊 =  (−𝑘𝑥) 𝑑𝑥
0

−𝑥𝑚𝑎𝑥
 

𝑊 =
1
2
𝑘𝑥2𝑚𝑎𝑥 

The work done by the spring force is 
positive because the force is in the same 
direction as its displacement 

Work Done by a Spring 
Because the block arrives at x = 0 with 
some speed, it will continue moving until 
it reaches a position +xmax.  

The work done by the spring force on 
the block as it moves from xi = 0 to  
xf = xmax 

 
 
The work is negative because for this 
part of the motion the spring force is to 
the left and its displacement is to the 
right. 

 
 Dr. Hazem Falah Sakeek    www.hazemsakeek.net    &   www.physicsacademy.org 12 

𝑊 = −
1
2
𝑘𝑥2𝑚𝑎𝑥 



8/1/2013 

7 

Net work done by a spring 
If the block undergoes an arbitrary displacement from x = xi to x = xf , 
the work done by the spring force on the block is 

 

 

 

 

 

Ws = W-xmaxo0 + W0oxmax = zero 
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The work done on the block by an external agent 

 المتصل الجسم لتحريك خارجي مؤثر بواسطة المبذول الشغل
  xf=-xmax إلى xi=0 من ببطء بزنبرك

 الن Fs الزنبرك قوة تساوي Fapp الخارجية القوة أن نعتبر
 ان أي ببطء الكتلة تحرك المطبقة الخارجية القوة

Fapp = - (-kx) = kx 

 :الشغل المبذول بواسطة القوة الخارجية المطبقة على الكتلة
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Measuring Spring Constant 

Start with spring at its natural 
equilibrium length. 
Hang a mass on spring and let it 
hang to distance d From 
 
 
 
 
so we can get spring constant.  

0xF kx mg
mgk
d

 �  
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Example 2 
The spring is hung vertically, and an 
object of mass m is attached to its lower 
end. Under the action of the “load” mg, 
the spring stretches a distance d from its 
equilibrium position 
(A) If a spring is stretched 2.0 cm by a 

suspended object having a mass of 
0.55 kg, what is the force constant of 
the spring? 

(B) How much work is done by the spring 
on the object as it stretches through this 
distance? 

(C) Evaluate the work done by the 
gravitational force on the object. 
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Solution 
(A) Because the object is in equilibrium, the net force on it is zero and 
the upward spring force balances the downward gravitational force mg 

Apply the particle in equilibrium model to the object: 
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Apply Hooke’s law to give Fs = kd and solve for k: 

𝑘 =
𝐹𝑠
𝑑

 

Solution 
(B) How much work is done by the spring on the object as it stretches 
through this distance? 

 

 

 

 

 

(B) Evaluate the work done by the gravitational 
force on the object 
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𝑊𝑠 = −
1
2
𝑘𝑑2 

𝑊𝑠 = −
1
2
(2.7 × 102)(2 × 10−2)2 

𝑊𝑠 = −5.4 × 10−2J 
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Problems to be solved by yourself 
1. When a 4.00-kg object is hung vertically on a certain light spring 

that obeys Hooke’s law, the spring stretches 2.50 cm. If the 
4.00-kg object is removed, (a) how far will the spring stretch if a 
1.50-kg block is hung on it? (b) How much work must an 
external agent do to stretch the same spring 4.00 cm from its 
unstretched position? 

2. Hooke’s law describes a certain light spring of unstretched 
length 35.0 cm. When one end is attached to the top of a 
doorframe and a 7.50-kg object is hung from the other end, the 
length of the spring is 41.5 cm. (a) Find its spring constant. (b) 
The load and the spring are taken down. Two people pull in 
opposite directions on the ends of the spring, each with a force 
of 190 N. Find the length of the spring in this situation. 
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القادمة المحاضرة   
Work and Kinetic Energy 


