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The Particle in Equilibrium 

If the acceleration of an object is zero, the object is 
treated with the particle in equilibrium model. In this 
model, the net force on the object is zero: 

 𝑭 = 𝟎  

The forces acting on the lamp are the downward 
gravitational force 𝑭𝑔 

The upward force 𝑻 exerted by the chain. 

 𝑭𝒙 = 𝟎     &     𝑭𝒚 = 𝟎 

 𝑭𝒚 = 𝑻 − 𝑭𝒈 = 𝟎   
 

∴ 𝑻 = 𝑭𝒈 
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The Particle Under a Net Force 
If an object experiences an acceleration, its motion 
can be analyzed with the particle under a net 
force model.  

 𝑭 = 𝒎𝒂  

The horizontal force 𝑻 being applied to the crate 
acts through the rope. 

The vertical forces are the gravitational force 𝑭𝑔 
and the normal force 𝒏. 

 على تسارع يوجد ال بينما x محور اتجاه في تسارع هناك ان هنا الحظ
  على نحصل لذا y محور

 𝑭𝒙 = 𝒎𝒂𝒙 → 𝑻 = 𝒎𝒂𝒙  →     𝒂𝒙= 𝑻
𝒎  

 𝑭𝒚 = 𝒎𝒂𝒚 → 𝒏 − 𝑭𝒈 = 𝟎 → 𝒏 = 𝑭𝒈  

the normal force has the same magnitude as the 
gravitational force but acts in the opposite  
direction. 
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Example 1 
An electron of mass 9.1u10-31 kg has an initial speed of 3.0u105 
m/s.  It travels in a straight line, and its speed increases to 7.0u105 
m/s in a distance of 5.0cm.  Assuming its acceleration is constant,  
(a) determine the force on the electron and  

(b) compare this force with the weight of the electron, which we 
neglected. 
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vo=3.0u105 m/s v=7.0u105 m/s 

5 cm 

Solution 
نحتاج الى حساب قيمة التسارع التي يتحرك بها االلكترون وهذا يتم من خالل تطبيق قوانين الحركة في بعد 

 واحد الن االلكترون يتحرك على خط مستقيم، من المعادلة 

 
 

(a)لحساب القوة المؤثرة على االلكترون نستخدم قانون نيوتن الثاني 

 

 
 

(b) لحساب وزن االلكترون نستخدم قانون نيوتن الثاني مع التعويض عن التسارع بعجلة الجاذبية
 األرضية

 

 

The accelerating force is approximately 1011 times the weight of the electron. 
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𝑭 = 𝒎𝒂 

𝑭 = 𝒎 𝒗𝟐 − 𝒗𝒐𝟐
𝟐𝒙 = 𝟑. 𝟔 × 𝟏𝟎−𝟏𝟖𝑵 

W = m g = (9.1 u 10-31 kg) (9.8 m/s2) =  8.9 u 10-30 N 

𝒂 = 𝒗
𝟐 − 𝒗𝒐𝟐
𝟐𝒙  𝒗𝟐 = 𝒗𝒐𝟐 + 𝟐𝒂(𝒙 − 𝒙𝒐) 
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Example 2 
A traffic light weighing 122 N hangs from 
a cable tied to two other cables fastened 
to a support as in the Figure. The upper 
cables make angles of 37.0° and 53.0° 
with the horizontal. These upper cables 
are not as strong as the vertical cable 
and will break if the tension in them 
exceeds 100 N.  

Does the traffic light remain hanging 
in this situation, or will one of the 
cables break? 
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Solution 
We construct a diagram of the forces acting on the traffic light, and a 
free-body diagram for the knot that holds the three cables together 

Dr. Hazem Falah Sakeek    www.hazemsakeek.net    &   www.physicsacademy.org 8 



7/28/2013 

5 

Apply Newton’s second law for the traffic light in the y direction: 

 

 

 

Resolve the forces acting on the knot into their components: 

 

 

 

 
Apply Newton’s second law to the knot: 
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(1) 

(2) 

Solve Equation (1) for T2 in terms of T1: 

 

 

 

 

Substitute this value for T2 into Equation (2): 
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Both values are less than 100 N, so the cables will not break. 
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Example 3 
A car of mass m is on an icy 
driveway inclined at an angle T as 
in the Figure. 
 

(A) Find the acceleration of the car, 
assuming the driveway is frictionless. 
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(B) Suppose the car is released from rest at the top of the incline and 
the distance from the car’s front bumper to the bottom of the incline is d. 
How long does it take the front bumper to reach the bottom of the hill, 
and what is the car’s speed as it arrives there? 

Solution 
(A) Find the acceleration  

 األرضية الجاذبية عجلة تأثير تحت الحالة هذه في السيارة تتحرك
 الثاني نيوتن قانون بتطبيق

 𝑭 = 𝒎𝒂  
 كما لمركباته free-body diagram مخطط على القوى بتحليل

 ان نجد الشكل في هو
 𝑭𝒙 = 𝒎𝒂𝒙         &        𝑭𝒚 = 𝒎𝒂𝒚 = 𝟎 
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(1) 

(2) 

(3) 

Note: that the acceleration component ax is 
independent of the mass of the car! It depends only 
on the angle of inclination and on g. 
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Solution 
(B) How long does it take the front bumper to reach the bottom of 
the hill, and what is the car’s speed as it arrives there? 
Equation (3) shows that the acceleration ax is constant. 

xi = 0 and its final position as xf = d, and vxi = 0, 
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Note: the time t at which the car reaches the bottom and its final speed vxf are 
independent of the car’s mass, as was its  acceleration. 

Example 4 
Two blocks having masses of 2 kg and 3 kg are in contact on a 
fixed smooth inclined plane as shown in the Figure. 
Treating the two blocks as a composite system, calculate the force 
F that will accelerate the blocks up the incline with acceleration of 
2m/s2, 
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Solution 
We can replace the two blocks by 
an equivalent 5 kg block. 

 2m/s2إليجاد القوة التي تدفع الكتلة لتتحرك بتسارع 
وحيث ان  yو xنحلل القوى إلى مركباتها على محور 

 فان yانه ال يوجد تسارع على محور 

N = mg cos(37o) 

 

   xوعلى محور 
¦F = F - mg sin (37o) = ma 
        F – 5*9.8*(0.6) = 5*2 
       F = 39.4 N 
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Example 5 
The parachute on a race car of weight 8820N opens at the end of a 
quarter-mile run when the car is travelling at 55 m/s.  What is the 
total retarding force required to stop the car in a distance of 1000 
m in the event of a brake failure? 
Solution 
W = 8820 N, g = 9.8 m/s2 , vo = 55 m/s, vf = 0, xf - xo = 1000 m 

𝒎 = 𝑾𝒈 = 𝟗𝟎𝟎𝒌𝒈 

vf
 2 = vo

2 + 2a(x - xo), 

0 = 552 + 2a(1000),  giving         a = -1.51 m/s2 

¦F = ma = (900 kg) (-1.51 m/s2) =   -1.36 u 103 N 

The minus sign means that the force is a retarding force. 
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Example 6 
Two masses of 3 kg and 5 kg are connected 
by a light string that passes over a smooth 
pulley as shown in the Figure.  
Determine  
(a) the tension in the string,  
(b) the acceleration of each mass, and  
(c) the distance each mass moves in the 

first second of motion if they start from 
rest. 
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Solution 
(a)    m1a=T - m1g  (1) 

        m2a = m2g - T  (2) 

Add (1) and (2) 

        (m1 + m2) a = (m2 - ml) g 

 

 

(b) T = m2 (g - a) = 5(9.80 - 2.45) = 36.6 N 

(c) Substitute a into (1) 
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Example 7 
Two blocks connected by a light rope are being dragged by a 
horizontal force F as shown in the Figure.  Suppose that F = 50 N, 
m1 = 10 kg, m2 = 20 kg, 
(a) Draw a free-body diagram for each block. 
(b) Determine the tension, T, and the acceleration of the system. 
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Solution 

¦Fx(m1) = T = m1 a   ¦Fx(m2) = 50 - T = m2 a 
¦Fy(m1) = N1 - m1g = 0  ¦Fy(m2) = N2 - m2g = 0 

T = 10 a,   50 - T = 20 a 
Adding the expression above gives  
 50 = 30 a, 
 a =  1.66 m/s2 
 T = 16.6N 
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Example 8 
A person weighs a fish of mass m on a spring scale attached to the ceiling 
of an elevator as illustrated in the Figure. 
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(A) Show that if the 
elevator accelerates either 
upward or downward, the 
spring scale gives a 
reading that is different 
from the weight of the fish. 
 
(B) Evaluate the scale 
readings for a 40.0-N fish 
if the elevator moves with 
an acceleration ay ±2.00 
m/s2. 

Solution 
 عندما يكون المصعد في حالة سكون او عندما يتحرك بسرعة ثابتة 

If the elevator is either at rest or moving at constant velocity, the fish is 
a particle in equilibrium, so 
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Remember that the scalar mg is the weight of the fish. 
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 عندما يتحرك المصعد بتسارع 

Now suppose the elevator is moving with an acceleration 𝒂 relative to 
an observer standing outside the elevator in an inertial frame. The fish 
is now a particle under a net force. 

Apply Newton’s second law to the fish: 
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𝑻 = 𝒎𝒈+𝒎𝒂𝒚 

a For upward acceleration 

 في T الظاهري السمكة وزن يزداد
 األعلى إلى المصعد تسارع حالة

𝑻 = 𝒎𝒈−𝒎𝒂𝒚 

For downward acceleration 

a 
 في T الظاهري السمكة وزن يقل

 االسفل إلى المصعد تسارع حالة

(B) Evaluate the scale readings for a 40.0-N fish if the 
elevator moves with an acceleration ay ±2.00 m/s2.  
 

Evaluate the scale reading from Equation (1) if a is upward: 

 

 

 

 

Evaluate the scale reading from Equation (1) if a is 
downward: 
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(3) A 72-kg man stands on a spring scale in an elevator starting from rest, the 
elevator ascends, attaining it maximum velocity of 1.2 m/s in 0.8 s. It travels 
wit this constant velocity for the next 5.0 s. The elevator then undergoes a 
uniform negative acceleration for 1.5s and comes to rest.  What does the spring 
scale register (a) before the elevator starts to move (b) during the first 0.8s? (c) 
while the elevator is travelling at constant velocity? (d) during the negative 
acceleration period? 
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Problems to be solved by yourself 
(1) Two blocks of mass 2kg and 7kg are 
connected by a light string that passes over a 
frictionless pulley as shown in.  The inclines 
are smooth.  Find (a) the acceleration of each 
block and (b) the tension in the string.  

(2) An object of mass m1=5kg placed on a frictionless, 
horizontal table is connected to a string that passes over a 
pulley and then is fastened to a hanging object of mass 
m2=9kg. (a) Draw free-body diagrams of both objects. Find 
(b) the magnitude of the acceleration of the objects and (c) 
the  tension in the string. 
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 المحاضرة القادمة 
Force of friction 


