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Section Check In – Mechanics: Newton’s Laws of Motion

Questions

1.	A car of mass 1500 kg is travelling on a horizontal road. The driving force of the car is 
2000 N, and the total resistance force is 200 N. Calculate the acceleration of the car. 





2.	A particle of mass 0.5 kg is acted on by forces N, N and N, where i and j are mutually perpendicular unit vectors, and c and d are constants. Find c and d, given that the particle has an acceleration of m s–2. 

3.	A car of mass 1200 kg is travelling on a horizontal road with an acceleration 1.3 m s–2. The total resistance force is 200 N. Find the driving force. 

4.	A car of mass 1000 kg is pulling a caravan of mass 1500 kg along a horizontal road. The driving force of the car is 3500 N, and resistances to motion acting on the car and the caravan are 200 N and 350 N respectively. 

(i) Find the acceleration of the car and the caravan.

	(ii) Find the tension in the tow-bar coupling the car to the caravan. 

5.	A 2 kg mass and a 1.5 kg mass are connected by a light inextensible string which passes over a smooth pulley.
2
1.5


The system is released from rest. Find the acceleration of the 2 kg mass. 

[Take m s–2.] 












6.*		A 2 kg mass lies on a rough plane inclined at 30 to the horizontal and is connected to a mass 1.5 kg, which hangs vertically, by a light string passing over a smooth pulley at the top of the plane (see diagram below). Initially, the system is held at rest.
2 kg
1.5 kg
30







	When the system is released from rest, the 2 kg mass moves up the slope with an acceleration 1 m s–2. Find the coefficient of friction between the 2 kg mass and the slope. 

[Take m s–2.]







7.	A particle is acted on by a force N, where i and j are two mutually perpendicular unit vectors. When an additional force N is applied to the particle, its acceleration is parallel to the vector . When this additional force is applied in the reverse direction, the acceleration of the particle is parallel to the vector . Find  and . 

8.*		A 2 kg mass lies on a smooth plane inclined at 30 to the horizontal and is connected to a mass m kg, which hangs vertically, by a light string passing over a smooth pulley at the top of the plane (see diagram below).
2 kg
m
30








	Find the value of m in the following cases:
	(i)	the system is in equilibrium;

	(ii)	the 2 kg mass is accelerating up the slope at 2 m s–2 [Take m s–2.]  

9.*	A stone of mass 150 grams is dropped from rest at ground level into a well. The resistance force on the stone is modelled as a constant 0.12 N. When you drop the stone you hear it hit the water 4 seconds later.

(i)	Estimate the depth of the well. [Take m s–2.]

(ii)	How accurate do you think the model is? 


10.*		When travelling down a road inclined at α to the horizontal, a car of mass m, subject to a driving force P and resistance force R, accelerates at three times the rate it accelerates when travelling up the same road subject to the same driving and resistance forces. Show that the acceleration of the car when driving up the road is



Extension


Two masses m kg are connected by a light string. The string passes over two fixed smooth pulleys, and under a smooth pulley of mass M kg which hangs freely (see diagram). The system is then released from rest. Given that , find the vertical acceleration of the two masses in terms of M, m and g.m
m
M












Worked solutions


1.	m s–2.


2.	




	, ,    , 


3.	 
	1760 N

4.	1000 kg
1500 kg
a m s–2
350 N
200 N
3500 N
T









	(i)	Applying Newton’s second law to the car and caravan: 

		m s–2


	(ii)	Applying Newton’s second law to the caravan: 

		N

		[or on the car: ]


5.	For 2 kg mass  

	For 1.5 kg mass  

	Adding  

	 m s–2

6.	
F
R
2 kg
1.5 kg
30
1.5g
T
T
1
1
2g


	

	, so applying Newton’s second law for 2 kg mass along the slope gives:

		
	N2L for 1.5 kg mass:

		
	

	So  
	Resolving perpendicular to the slope for the 2 kg mass:

		 


	 so  



7.	, so 



	, so 



	, , 


8.	2 kg
m
30
mg
T
T
a
a
2g
R











	(i)	, so resolving forces on 2 kg mass: 


		resolving forces on , so 

	(ii)	, so applying Newton’s second law gives:

		on 2 kg mass: 


		on , kg (to 3 s.f.)

9.	(i)	Applying Newton’s second law:
a
0.15 g
0.15 kg
0.12 N


		

		

		Applying suvat: 
		so the well is 72 metres deep.

	(ii)	Not very accurate, as the resistance will not be constant, but would increase with the speed of the stone.


10.	m
α
P
R
mg
m
α
R
P
mg
a
3a











	Up:  Down: 

	Subtracting: 

	.




Extension

Applying Newton’s second law:m
m
M 
T
T
T
T
a
a
a
mg
Mg
mg


On either mass 

on pulley 
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