Answering Exam Questions: 4. Pulleys and Wedges
2008 (a)

Straightforward, note that if we make the upward acceleration of A to be f, then the downward acceleration of m1 automatically becomes 2f.

2008 (b)

This was a testing question and a bit different from the standard. You had to understand the concepts rather than just remember the equations from previous questions. In particular you needed the break up the acceleration of the wedge into two perpendicular components twice (and into different directions each time).
Notice that they gave 30 marks for part (a) of this question, which was far easier, which would suggest to me that few people got part (b) correct and the marking scheme had to be adjusted accordingly. But I could be wrong (
(i) Remember that the pulley on top is part of the wedge and therefore the forces acting on this need to be included.

(ii) The wedge is on a smooth surface so it will accelerate to the right (because the 2mg Sin ( component in that direction is larger than the mg Sin ( component acting in the opposite direction). If we call the acceleration of the wedge q, then for the 2m mass we need to break q up into components parallel and perpendicular to R1, and for the m mass we need to break q up into components parallel and perpendicular to R2 (where R1 is associated with the 2m mass and R2 is associated with the m mass).
There is still a bit of algebraic manipulation to be done. In relation to the particles you will need to use the equations relating to the forces perpendicular to the wedge surface, but you can ignore the equations for the masses parallel to the wedge surface.

Ans: q = (g(3)/19

2007 (a)
Easy peasy.

Acceleration down the slope = g/ (4(2)
Ans: t = 2.15 secs.
2007 (b)
(i) Straightforward.

(ii) You can make the algebra much easier for yourself by having the 4 kg and the 6 kg masses both go the same way. In this case we will assume that they both go up and that the middle mass goes down. 

Secondly you need to note that the 6 kg mass and the 4 kg mass will have different accelerations (even though they will both experience the same tension).

Finally you must use note that the acceleration of the movable pulley will be the half of the average of the other two.

Ans: T = (48mg)/ (5m + 48)

(iii) Straightforward.
2006 (a)
(i) Easy peasy. a = g/9
(ii) Linear acceleration-type question. Find out the speed of the 0.5 kg block when it hits the ground. This is now the initial velocity of the 0.4 kg block as it accelerates upwards at an acceleration of just g (let’s call this stage 2). This block will get to the top of its motion and then fall back down; when it gets to where it started stage two the string will again become taut, so really we just need to calculate how long it took to get from the beginning of stage two to the highest point. Then just multiply this time by two to get the total time for stage 2.

Ans: t = 0.30 seconds. Note that we had to give the answer to two decimal places. 

2006 (b)
(i) Straightforward
(ii) Here we need to use the fourth equation which we normally don’t bother with: R2 = 3mg + R1 Cos ( and combine it with R1 = mg Cos ( to get the required expression.
(iii) Straightforward. Ans: ( = 300.

2005 (a)
(i) Easy peasy. Ans: T = 10g/3

(ii) Not easy if you hadn’t thought about it before. Note that they gave 20 out of 25 marks for the first easy peasy part of the question, suggesting that most messed up part two. Anyway, the pulley is being pulled both horizontally and downwards due to the tension in the string, so you need to find the magnitude of two perpendicular forces, each of magnitude T (where T 10g/3 from part one). Use Pythagoras to get the answer: F = 46.2 N. Strictly speaking you should also be including the angle as left 450 down.

2005 (b)
(i) Not as simple as it seems. First draw a large diagram to help you visualise the situation. Then find the velocity of the 3 kg mass after falling 1.5 m. Now don’t make the mistake of assuming that both particles will now move at this velocity (of (3 g ms-1). You need to apply conservation of momentum: the total momentum of both particles before must equal the total momentum of both particles after. Using this approach results in common final velocity of 3((3g)/8 as required.
(ii) Work out the acceleration as you would normally do, then apply the information to the appropriate vuast equation to show that s = 0.84, which is less than 1 m and therefore the 3 kg mass will not reach the table.

2004 (a)
(i) Easy peasy. Ans: a = g/3 m s-2
(ii) Straightforward. Just use the formula v2 = u2  + 2as to get s = 3v2/2g and double this to get the total distance between both particles as s = 3v2/g.

2004 (b)
(i) Straightforward.

(ii) Straightforward. Ans: The marking scheme gives the acceleration of the particle as = 14g/(11(2), and the acceleration of the wedge as  = 3g/11, but as I understand it the question asks for the acceleration of the particle relative to the wedge, so it should be the first answer minus the second answer.
(iii) Find t from the second part of the question, and apply it to the first part. 
Ans: s= 0.3 m.

2003 (a)
Easy peasy. Ans: a = g/2 m s-2.

2003 (b)
(i) Straightforward.
(ii) Straightforward. First get acceleration = 3.3 m s-2. Ans: s = 1.65 m.
(iii) You need to remember tha there will be a minus acceleration due to gravity (g Sin 60) and a minus acceleration due to friction (g/8). Ans: v = 4.1 when s = 0.35 so yes the particle will reach the pulley.
2002 (a)
Part (a) was actually a Simple Harmonic Motion question; it was very nasty to stick this in where students were expecting a Pulleys-and-Wedges question.

2002 (b)
(i) Tricky. First you have to change the weights into masses by dividing by g.
Then you have to remember how to deal with the relative acceleration of the particles.
Then when you work out that the acceleration is g/4, you must remember to add the external acceleration of g/2 to it.

Ans: a = 3g/4.

(ii) Not something we could come across often, so although it is straightforward some students may be thrown by it. Simply apply Force down – Force up = ma to work out R (which is the Force up that we are looking for).

Ans: R = 3 N

2001 (Full question)
(i) Straightforward

(ii)  Straightforward question involving relative acceleration.

Ans: f = 2g/13 and a = 5g/13. This is from the marking scheme. I would have thought that for the 2m and ma masses you would have had to go one step further and take both accelerations into account.

(iii) Find t from the first statement (remember you will have to use the relative acceleration here) and use this to find s for the second statement.

Ans: s = 0.67 m.

