
Physics I 

Inclines 
 

Problem 1.- Draw a free body diagram of the box shown in the figure and calculate its 

acceleration if it is sliding down the slope without friction. 

 
 

Solution:  Free body diagram: 

 
 

In the rotated set of axes, the forces can be written as: 

weightF (mgsin28 , mgcos28 )= −� �

�

 

)F(0,F normalnormal =
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In the x-axis using Newton’s second law: 

 

x x xF ma mgsin28 a gsin28= = → = � � = 4.6 m/s2 

 

 

Problem 2.- The figure shows a 1500-kg sphere leaning against a frictionless surface and held in 

place by a steel cable which is parallel to the surface. Find the tension on the cable if the angle 

48θ = �  

 
 

 

 



Solution: The weight of the sphere is: mg = 1500kg (9.8m/s2) = 14,700 N. 

 

The free body diagram of the sphere (shown below) includes three forces: its weight, the normal 

force from the surface and the tension in the cable. They cancel to be in equilibrium.  

 
We choose a rotated set of axes XY, where the components of the forces can be written as: 
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Since the sphere is in equilibrium the sum of the forces is zero: 

 

x cable cableF 0 14,700 sin F 0 F 14,700 sin 48N Nθ= → − = → = = �  10,900 N  

 

Problem 3.- The box in the picture has a mass of 15kg and it is in equilibrium (its acceleration is 

zero).  

i) Draw the free body diagram of the object, showing all the forces and angles. 

ii) Calculate the friction force. 

 
Solution: There are three forces acting on the box: Its weight, the normal force, and the friction 

force. Since the object is in equilibrium the sum of the forces is zero.  

The free body diagram is shown with a rotated set of axes: 

 
Notice that in this rotated set of axes the three vectors can be written as follows: 

)cos,sin( θθ mgmgFweight −=  

),0( Nnormal FF =  

)0,( frictionfriction FF −=  



The sum of these vectors is zero, so in the Y direction: 

 

θθ cos0cos mgFFmg NN =→=+−  

 

In the X direction:  

 

=×==→=− �28sin8.915sin0sin θθ mgFFmg frictionfriction  69 N 

 

Problem 3a.- The box in the picture has a mass of 15kg and is sliding down with zero 

acceleration. Draw the free body diagram of the object, showing all the forces, and calculate the 

friction force.  

 
 

Solution: We first draw a free body diagram with the three forces acting on the box indicating 

the angles between them. 

 
To solve the problem, we can use the law of sines because the forces add to zero: 
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Problem 4.- A sled starts down a slope with an initial velocity v1 = 4m/s. Calculate its final 

velocity after sliding x = 12m if the angle of the incline is θ = 22º and the coefficient of kinetic 

friction is μk = 0.2 

 
 



Solution: First, we calculate the acceleration 

 
2/85.122cos8.92.022sin8.9cossin smgga =×−=−= ��θµθ  

 

and now we calculate the final velocity: 
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Problem 5.- Calculate the angle θ, knowing that the horizontal force necessary to keep the 

sphere from moving is 10.5 N. 

Consider the friction between the sphere and the inclined surface to be zero.  

 

 
 

Solution: It can be shown that the tension in the string is the weight of the sphere times the 

tangent of the angle θ, so knowing that the horizontal force is 10.5 N we get: 
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Problem 6.- In building the pyramids of Egypt a theory proposes that 25 people would pull a 

2,500 kg block up an incline at a 28° angle. Neglecting friction estimate the force applied by 

each person. 

 

Solution: The weight of the block is: mg=2,500kg (9.8m/s2) 

The free body diagram of the block (shown below) includes three forces: its weight, the normal 

force from the surface and the force that the 25 people applied. They cancel to be in equilibrium.  

 
We choose a rotated set of axes, where the components of the forces can be written as: 
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Since the block is in equilibrium the sum of the forces is zero: 



 

θθ sinF0F-sin0F 25people25peoplex mgmg =→=→=  

 

With the values of the problem:  

=××= �28sin8.92500F25people 11,500 N 

 

So, each person will pull: 24,500/25 = 460 N 

 

Problem 7.- On a level road a car can decelerate at 
2

m
4.9

s
a = − without skidding. With that 

information calculate the maximum possible deceleration if the road is inclined 6.4θ = �  

downhill. Assume the value of µ s is the same. 

 

 

Solution: We use the information that the deceleration on level ground is 
2

m
4.9

s
a = − . This tells 

us the value of sμ : 
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Notice that on a level road the normal force is equal to the weight and the friction force is the one 

calculated using Newton’s second law. 

 

Now that we know the coefficient of friction, we can solve the problem with the incline. To do 

this, consider the three forces acting on the car: Its weight, the normal force, and the friction 

force. 

 
 

These three forces can be written in terms of their components as follows: 
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)cos,sin(Weight θθ mgmg −=  
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Now, we use Newton’s second law to solve the problem. Consider the y-direction first, where 

there is no acceleration, so the sum of the forces must be zero, then: 

 

0cosF =− θmgN , so: θcosF mgN = … equation (1) 

 

In the x-direction we do have acceleration, so Newton’s second law should be written: 

 

xfriction maFmg =−θsin  

 

And knowing that Nfriction FF µ=  we get: 

 

xN maFmg =− µθsin … equation (2) 

 

Replacing equation (1) in equation (2): xmamgmg =− θµθ cossin  

After simplifying: θµθ cossin ggax −=  

 

If the angle is 6.4θ = �

 we get: =×−= �� 4.6cos8.95.04.6sin8.9xa -3.8 m/s2 

 

Problem 8.- Take the coefficient of static friction between rubber and wet asphalt to be µs= 0.35, 

with these conditions find the maximum angle of inclination that a car can climb. 

 
Solution: According to the results of equilibrium, the friction force has to match the component 

of the weight in the x-direction and that means: 

 

For   35.0=µ   == − 35.0tan 1θ  19.3º 

 


