Strings and Pulleys

Preliminaries: have a pulley set up with a string and weights and a cart on a track on front desk


Ideal string:

· no mass

· doesn’t stretch. ( tension is the same all through the string. ( both objects attached to the string accelerate at the same rate.

Ideal pulley:

· no mass; ( no angular momentum

· no friction

Example 1.  <insert complete solution>
A 2 kg block is connected to a 5 kg block by a string. If another string pulls on the 5 kg block with a force of 50 N, 
(a) find the acceleration of the blocks

(b) find the tension in the strings

Q. Which string will have more tension on it? Where do you see this? Anything pulling a whole lot of objects connected together – e.g. a train.- the most strain is on the first connector.

We could also do this problem backwards and find the mass of block 2, given the acceleration and the mass of block one (and the net force).

Example 2: 

a) 2 kg block suspended by a string – attached to ceiling. Spring scale in string says ____ N.

b) 2 kg block suspended by a string – over a pulley, attached horizontally to wall.
Spring scale in string says ____ N.

c) 2 kg block suspended by a string – over a pulley, attached to another pulley with another 2 kg block on it.
Spring scale in string says ____ N.

Explain – the spring scale does not know or care what is on the other side 

Now… Example 3:

(a) A table with a 10 kg block on it, attached to a 3 kg block off the side. What is the acceleration of the blocks? – no friction (** illustrate with a cart and pulley)
<diagram – always label the masses clearly>


Complicated Method – that always works

-- two unknowns: tension and acceleration.
Note, if you write out the two equations and add them to eliminate T, you get the equation for the whole system (as described below)
Simple Method: look at the whole system.


What forces make the system move:

Fg1 

is there anything opposing this? no.
Ftotal = ma 
we now know the left side:
… but what of the right side. What mass is accelerating? BOTH are!
Fg1 = (m1+m2)a

( a = …

(b) What if we have another mass on the other side? ... and a force of friction of 3 N.

Add a 1 kg block on the other side. Which way will it accelerate?- same way

What forces influence the motion of the system? Fg1, Fg3, Ff2.  Fg2 has no effect on the movement!
but .. Fg3 opposes Fg1 …

Ftotal = ma


Fg1 – Fg3 – Ff2= (mtotal)a
… a = … <is this what you expect? YES smaller than #1

Warning: If the objects are accelerating, you can never say that T = Fgi . 
Be ware of trying to oversimplify the problem by trying to get rid of tension, unless you are looking at the system as a whole.
Example 4.

[image: image1.bmp]The masses of the blocks are indicated below. Block 2 has a force of friction of 15 N.










a) Which forces influence the motion of the blocks?


b) Calculate Fg1 =

 
and  Fg3 =

 
Why don’t we need Fg2?
 
c) Draw arrows on the diagram indicating the directions of   Fg1, Fg3 and Ff2 (this could be done as step (a))



d) Find the acceleration of the blocks (they all accelerate at the same rate because the string does not stretch).


























































m2 = 2 kg





m1 = 20 kg





m3 = 3 kg























