4.8 Misconceptions in Physics
Go to the people

Live amongst them

Start with what they know

And when the deed is done,

The mission accomplished

Of the best leaders

The people will say,

“We have done it ourselves.”

Lao Tsu

Science historian Bernard Cohen has commented that "Odd as it may seem, most people's views about motion are part of a system that was proposed more than 2000 years ago and was experimentally shown to be inadequate at least 1400 years ago." 

The Physics Department in The King’s Hospital is very aware that counter-intuitive concepts permeate the syllabus at both Leaving Cert and Junior Cert level and is in the process of compiling a list of these with a view to highlighting them for students, student-teachers and teachers of Junior Cert Science.

The counter-intuitive nature of physics obviously makes the subject more difficult to understand than say learning a list of cooking ingredients. 
Secondly, knowing rules or laws 'off by heart' is still a long way away from necessarily understanding them - knowing the name of a phenomenon is not the same as understanding the concept – and in our classes we try to place emphasis on a deeper understanding rather than the more superficial learning off of key phrases.
The following list is therefore very much a work in progress and where possible we have tried to group them by topic.
Another list is available at www.amasci.com/miscon/
Forces and Motion
1. What could be more counter-intuitive than a jumbo-jet the size of a multi-story building flying through the air?

2. The Earth goes around the Sun. (Could you explain to someone how we know this isn't true?)
3. Why does the moon not fall into the Earth?
4. See Newton’s cradle for example of conservation of energy and momentum, or Particle Production and Particle Annihilation. Think of a spinning skater bringing her arms in to increase her velocity as an example of conservation of angular momentum.
5. If an object is at rest then no forces are acting on the object. 
6. If an unbalanced force is acting on an object then it is not moving at constant velocity – it must be accelerating. 
7. The motion of an object is always in the direction of the net force applied to it.
This is particularly important to realise in relation to Simple Harmonic Motion. Think also of friction.
8. Rocker propulsion is due to exhaust gases pushing on something behind the rocket. 
9. The terms distance and displacement are synonymous and may be used interchangeably. Defining displacement as ‘distance in a given direction’ is a little disingenuous. An example may help to show that there is more to this than meets the eye. If a car does a complete lap of a 1 km circuit, then the distance travelled is obviously 1 km, but the displacement is 0?
Say you throw a stone in the air and your hand is one metre above the ground when the stone leaves your hand. If the stone reaches a total height of 10 metres (above ground) then the total distance it will have travelled when it lands back on the ground will be 19 metres (right?), but the stone’s displacement will be only 1 metre (in the downward direction). Geddit? 
Now the definition of displacement does cover this, but I don’t think many students would get this without an example.
Similarly the concept of Work (= Force × displacement) can be equally confusing.

10. The concept of instantaneous velocity.
The concept of a projectile’s instantaneous velocity being zero (in the vertical direction) at the height of its path. The Cartoon Guide to Physics explains this very well – and in a fun way.
Again, the distinction between vectors and scalars is made a little more vague by us teachers (and many textbook  authors) not always specifying a direction when we talk about a given force or velocity, i.e. we often give an answer to a question as “15 Newtons” say, without automatically mentioning a corresponding direction.
11. Explaining the relationship between velocity, acceleration and force for Simple Harmonic Motion: an object can be moving at constant speed and still be accelerating. True. How come?
12. Acceleration always means that an object is speeding up. False
13. Acceleration is always in a straight line. False
14. Acceleration always occurs in the same direction as an object is moving. False
15. If an object has a speed of zero (even instantaneously), then it has no acceleration.
16. Why do you have to take masses from trolley to pan in F = ma expt (as opposed to bringing them from outside)?
17. What’s the difference between mass and weight?
18. What is ‘Gravity’?

Sound
19. Hitting an object (like a tuning fork) harder changes its pitch.
20. The pitch of a tuning fork changes as it slows down.
21. With telephones, actual sounds are carried down the line rather electrical or light pulses.
22. The shape of resonance diagrams in open and closed pipes
23. Rays are actually the crests of waves.
Light
24. If light travels outwards from a source as a wave, then what the hell are ‘light rays’?

Colour and Vision
25. The eye is the only organ involved in sight – the brain is for thinking / the brain does not affect what we see / what we see is what is ‘out there’. 
26. Colour is a property of an object, and therefore is independent of both the illuminating light and the receiver (the eye).
27. Light is a transverse wave
28. There are seven colours in a rainbow.
29. The primary colours used in painting are the same as the primary colours of light.
Electricity 
30. Why doesn't electron fall into (positively charged) nucleus?
31. If similar charges repel each other, how come protons stick together in the nucleus?
32. Deriving the formula for the Wheatstone bridge formula - how can galvanometer in the middle read zero even if there is a current flowing on either side.
33. How can each of two charges of different magnitude exert the same force on each other? How can two objects of different mass (e.g. the planet Earth and an apple) exert the same force on each other?
34. To show that forces always exist in pairs many textbooks show a picture of a girl in roller skates pushing against a wall, resulting in her moving backwards. But if she pushes against the wall, how does ‘push’ back?
35. How can adding a resistor (in parallel) to another resistor reduce the overall (‘effective’) resistance of both?
36. Changing positions of voltmeter/ammeter in Ohm’s Law expt.
37. In an electric circuit, containing two resistors of different magnitude, arranged in parallel, how come the majority of electrons ‘know’ which path has the lower resistance?
38. How come the current in a circuit is the same all through the circuit? Does it not get used up?
39. Force between two charges is inversely proportional to (,
Yet Capacitance between two plates is directly proportional to (. How come?
40. Positively charged objects have gained protons, rather than having lost electrons.
41. How can charged objects attract neutral (or uncharged) objects?
42. Electricity gets ‘used up’ in a circuit, and therefore energy is lost (as opposed to transformed).
43. Why are electric (and magnetic) field lines circular? Why do they not go in a straight line from one charge to the other?
44. Why does copper flake off  if current is too high
‘Modern’ Physics
45. Half – life
46. Notion of Spontaneity
47. Electrons dropping from one level to another
48. All solid objects are actually 99.999% empty space! (So how come your books don't fall through the table?)
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