The following are doubts arisen when doing the TYS...

Kinematics

(J81/1/13part)

“A cricketer throws a ball vertically up and catches it 3.0s later. Neglecting air resistance, find the speed at which the ball leaves the hand”

How? we have only t=3.0 and a=-g(taking upwards as positive)
-------------------------------------------------------------------------------------------------------------------------------------

Projectile Motion

(i) The time taken to reach back to the ground is twice the time taken to reach the maximum height

(ii) The horizontal displacement when the object hits the ground is twice the horizontal displacement when the object is at its maximum height

Are these 2 observations true?

Yup. By conservation of energy, you will realize that at any height, whether going up or coming down, the body will have a particular speed. ( Total Energy = GPE + KE ) So the time taken to cover the same distance (going up and coming down) would be the same. Or if you plot the velocity time graph, you will realize that to get the negative change in displacement to be the same as the positive (final change is zero – back at same point), the time taken must be the same.

Your observation is a direct extension of your first. If the time taken to go up is the same as that of coming down, then the change in horizontal displacement in both instances will be the same.

-------------------------------------------------------------------------------------------------------------------------------------

Dynamics

(J96/2/8)

“When a body moves through a fluid, a retarding force due to turbulence may be experienced. In the case of a sphere of radius r moving with speed v through a stationary fluid of density ( which is at rest, this force is given by


F=k(r²v²

By relating the retarding force to the transfer of momentum between the sphere and fluid, explain why F is proportional to (r²v²”
When the sphere moves, the column of fluid it has to move in its path is the column above it. So the mass of fluid it needs to move per second is ( x v x (r2. Since the gain in velocity of the fluid must also be proportional to v, (p/(t = ( v (r2 k1 v = k ( v2 r2 , combing all the constant terms into k.

Jackson ---> Other difficulties faced when doing dynamics mostly include the proving of a particular equation or derive an equation using Newton’s Laws, conservation of momentum and others......How can we handle such questions???
Go back to the basics. For example, if you are using Newton’s 2nd Law (F=ma), then you try to come up with an expression for mass and another for acceleration , and then substitute them into the equation. 

================================================================================

(J88/2/8)

“Define the term acceleration”  Ans: rate of change of velocity

“Use your definition to explain why it is that the velocity of a body may be in a different direction from its acceleration” 

Jackson--> I understand that this probably has got to do with circular motion...but is confused that shouldn’t the direction of acceleration be the same as the direction of velocity? Then how to answer that question?

Not at all! If the direction of the acceleration is different from the direction of the velocity, then it could simply mean that the body is slowing down! This is when the acceleration is in the opposite direction of the velocity of course.

Actually, acceleration is the rate of change of velocity in a particular direction. But the velocity of the body may have components in other perpendicular directions in which the acceleration will have no effect on. When one component changes and another doesn’t, the direction of the resultant velocity will change. So velocity need not be in the same direction as acceleration. 

================================================================================

IMPULSE : What do we need to know and what is it exactly???
-------------------------------------------------------------------------------------------------------------------------------------

Impulse is simply the change in momentum. (differentiate this with RATE OF change in momentum – that’s force.) But is this in your notes? I thought it is no longer in the syllabus? Check please.

FORCES
(J91/2/1)

“A student holds a uniform metre rule at one end in 2 different ways as shown in Fig 9 & 10 below.

.........the rule is held horizontally between the thumb and first finger. On fig 10, draw the forces acting on the metre rule.”

My answer:


I do this so that the forces should form a closed triangle since the rule is at equilibrium

ie 

which means that the force the first finger exerts on the rule is bigger than the force the thumb act on the rule.

But this is what the solution book gives:

Qn: If the solution book is right, how can the rule be at equilibrium???
The solution is right. When you press the ruler between the fingers, the forces you apply must be vertical. The triangle of forces method is limited to 3 forces in equilibrium. But to form a triangle, your forces must not all be parallel. (must be 2 dimensional) This also applies to the concurrency of 3 forces in equilibrium. This is because when you have 3 parallel forces, and you put them in a vector diagram, they will reduce to 1 vector.

So your mistake was to think that a body can only be in equilibrium when the 3 forces acting on it must form a closed triangle. This is only when the forces are not all parallel. If they are, then they simply have to add up to zero.

A plank placed on two supports is in equilibrium. (very obviously, right?) The forces don’t form a traingle,  do they?

To solve for the 2 forces, you have to sum moments about the thumb and the index finger. Summing forces will not be sufficient because you can only get one equation. (No forces in the y-direction)

(N88/2/2)

The question is about a man bending 90°

The force diagram is the spine is provided as follow:


Qn: “For equilibrium, a force P at the pivot is necessary. Draw a triangle of forces to show the equilibruim of the spine under the action of forces T,W and P.

My answer: 

Solution book: “A horizontal force P at the pivot is necessary for the equilibrium of the spine”

Q1: Why is it horizontal?

Q2: When asked to draw the third force, how do we know the direction of the force to be drawn?
      we only know that all we have to do is form a closed triangle... 

A1: It isn’t. But it must have a horizontal component to oppose the horizontal component of the force exerted by the muscle.

A2: We know that the two forces that we DO know meet at a certain point. In order for the third force to be in equilibrium with these two forces, it must pass through the same point. (concurrency of 3 forces in equilibrium)


So your vector diagram must look something like this:

Remember, the point of exertion is important in a free-body diagram, because its position will affect the rotational equilibrium of the free body. So you may NOT shift the forces about. It is from the free body diagram that you identify the direction of a third force by concurrency of 3 forces in equilibrium.

But in a vector diagram, we are merely concerned with the translational equilibrium of the body. So we may shift the vectors about to form a closed triangle.







V








first finger pushing the rule





thumb pressing on rule











They still don’t form a closed triangle, do they?
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