Chia Teck Chee and Chia Yee Fei

The first part of Newton's First Law indicates that a body will remain the body is initially at rest. Most students can readily understand this. However, many students have difficulty understanding the second part of Newton's First Law which indicates that a body initially moving at velocity, v, will continue to move at constant velocity if there is no net force acting on the body.

Students' misconceptions
To identify misconceptions concerning Newton's First Law, four questions were designed (Box 1). These were administered to a group of 20 first-year university students (18-19 year-olds). The questions were first administered to the students at the start of their university courses. They then studied the topic during the second week of the course.
The common misconceptions found were:

Ql
45% of students mistakenly believe that a net force is needed to maintain a body in constant velocity motion. In actual fact, a moving body will continue to move at constant velocity if the net force acting on the body is zero. This is the second part of Newton's First Law of Motion.
Q2 
Two common misconceptions were revealed by this question. The first involves students (60%) not taking into consideration the component of velocity along the direction PQ after the firing of the rocket's engine. The second misconception (30% of the students) involves the notion that, after the shutdown of the rocket's engine, the rocket does not move at a constant velocity which is identical to the velocity just before its engine is turned off.

Q3 
Quite a number of students (60%) think that the box will come to rest immediately the opposing force of the same magnitude is imposed on it. 30% of students think that the box will move continuously but with less acceleration than before and eventually slow down.

Q4 
An incorrect but popular answer (55%) is option [A]. The stone is thrown by observer B who is moving at a constant velocity relative to observer A. From the reference frame of observer A, the stone has a horizontal component of velocity both prior to and after release. In selecting option [A], students neglect to take into account the horizontal component of the velocity of the stone.
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1      Objects A and B both move at constant velocity in outer space. If the speed of B is double the speed of A, then:

[A]   
Only B experiences some net force acting on it.

[B]   
Object B experiences a greater net force acting on it than that on object A.

[C]
 There are no net forces acting on objects A and B.

[D] 
Objects A and B experience equal net forces acting on them.

2     
A rocket is drifting sideways from P to Q in j outer space. Assume that it is not subjected to any outside forces. When the rocket reaches Q, its engine is fired to produce a constant thrust at a right-angle to PQ. The engine is turned off again when it reaches R. Which one of the following options [A, B, C or D] best represents the path of the rocket?

3
A box is moving on a smooth surface under the influence of a force (F). At a certain position, an opposing force (-F) of the same magnitude is imposed on it. What will happen to the box?

[A]
The box will slow down.

[B]
The box will move continuously at a constant velocity.

[C]
The box will move continuously but with less acceleration.
[D]
The box will come to rest immediately as soon as the opposing force is imposed on it.

4
Observer B, while moving at a constant velocity u, throws a stone vertically into the air and allows it to fall back into his hand (ignore the influence of air resistance). What does observer A observe [A, B, C or D]?

a     
Observer A

b   
Observer B (moving at

(at rest)



constant velocity u)
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Demonstration

In an attempt to overcome these misconceptions, a computer-integrated demonstration was designed. It is aimed at convincing students that a body will move continuously at constant velocity if there is no net force acting on the moving body and it is initially in motion. The apparatus set-up for the demonstration is shown in Figure I.

In a, the net force acting on the system (M + M + m) is mg. The system is accelerating until the mass M on the left of the pulley rises to position y2.

In b, the net force acting on the system (M + M) is zero since the mass in is resting on the bench. The system is moving at constant velocity v until the mass M on the left of the pulley rises to the level y3.

In c, both mass in and mass M on the right of the pulley are resting on the bench and the net force on the mass M on the left of the pulley is Mg. The mass M on the left of the pulley is decelerating (g) until it rises to level y4 and its velocity then becomes zero as shown in d.

In this computer-integrated demonstration, we used a smart pulley sensor (www.pasco.com; Photogate/Pulley System ME-6838; Smart Time ME-8930) to measure velocity versus time for the mass M on the left of the smart pulley. The results plotted as velocity versus time are shown in Figure 1.

The slope of the line in Figure 1 shows that the mass M on the left of the pulley accelerates constantly from position y1 to y2. This is followed by movement at constant velocity v from y2 to y3 (Figure 1). Finally, the mass decelerates (negative slope) from y3 to y4 and its velocity is reduced to zero at the position y4 before it moves downwards (Figure 1). These results show that an object (or a system) accelerates when there is a net force acting on it, and moves at constant velocity when there is no net force acting on it. The results are consistent with the predictions based on Newton's First Law and Second Law which indicate that force is related to acceleration.

Discussion

Applying Newton's Second Law to the accelerating system (M + M + m) when the mass M on the left of the smart pulley is accelerating from y1 to y2, we have the constant acceleration:

a = mg/(M + M + m)
 and

v = at
where t is the time taken for the mass M on the left of the smart pulley to accelerate from y1 to y2.

For M - 510 g, m = 40g and t = 2.15 s, we get:

a = 0.369 m s-2 
and

v = 0.793 m s-1
The calculated results are in good agreement with the computer-interfaced results, where a = 0.370 m s2 and v = 0.811ms-1.
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Figure 1 Velocity versus time diagram when the mass (M) on the left of the smart pulley is decelerating from position y3 to y4.
Discussion of the common misconceptions was conducted immediately after the demonstration.   

Students were then asked to complete the questionnaire again after about two weeks. The results showed that:
Q1 
All students realised that there are no net forces acting on objects A and B since they move at constant velocity.

Q2 
90% of the students correctly answered that, during the journey from Q to R, the rocket moves along a track that is the same as that of a projectile projected along the horizontal direction in the gravitational field, since the thrust on the rocket is perpendicular to PQ. After the engine of the rocket is turned off at point R, the rocket travels at a constant velocity identical to the velocity a( the moment when the engine has just been turned off.

Q3 
100% of the students understood that before the opposing force of the same magnitude is applied to the box, the box has accelerated to velocity v. Therefore, the box will move continuously at constant velocity v, since the net force is zero after the opposing force of the same magnitude is imposed on it.

Q4 
95% of the students answered correctly since they realised that, to the stationary observer, the velocity of the stone has both vertical and horizon​tal components. According to Newton's First Law, the horizontal component of the velocity of the stone is u, since the moving observer is moving at velocity u at the moment when he throws the stone.
Conclusion
The students' original misconceptions were ingrained, even though they had studied and passed physics at A-level. These misconceptions could stem from earlier physics courses or could be derived from 'common-sense experience'. I believe that the approach suggested here for teaching the mechanics component of the A-level physics curriculum may facilitate a better understanding of Newton's First Law.
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