PHYS117 – Dynamics & Waves –2015W1 	Tutorial week 5	

Aims of this week’s tutorial: 

1. Prepare ahead of the midterm 
2. Practice some harder force problems 

It doesn’t really matter which order you do the two segments in this week. 

1. Make sure everyone knows the format of the exam (individual then group), where they need to go and what material is being covered. Stress that this is a formative midterm (ie the mark will not count towards their final grade, but they should still take it seriously as a useful practice of what the exams will be like) 

In terms of helping people prepare, you can ask them to select problems they are stuck on for you to go over how to do them (not do them for them), they can work on problems in their groups and ask for help as and when they are stuck. 

We will have distributed example midterm questions and solutions as well (not exactly the whole of last year’s MT1 paper as we’re covering things in a different order this year.

2. There’s a mixture of problems: one from class we might not have got to (moveable pulleys); a tricky 2 block problem from the text book and a past exam paper question from last year. Make sure everyone has a go at the moveable pulleys and the exam paper Q. 




	More forces and MT1 prep	


1. Moving pulleys. (textbook 5.24) 
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2. Friction exam problem. This problem appeared on last year’s final. 
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3. Even more fun with blocks (harder than you would ever see on an exam, but this might be your idea of fun….). Textbook 5.21
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Solutions 

1. More pulleys

This is a hard problem: need to recognize that as LH mass moves up with a, righthand mass moves down with 2a
(if the LH string moves up by L, this ‘frees up’ 2L string on the RH string) 
LH: 2T – mg = ma
RH: mg-T = 2ma
a=g/5

2. Exam problem 
Consider system of both blocks with this maximum acceleration: $a = \frac{F}{(m + M)}$

Consider system of just top block: the frictional force of the larger block on the smaller provides the force to the right:  $\mu_s mg = m a$. 

Equating with the expression above gives $F = \mu_s g (m + M) $ 

 Second part: There is now a frictional force acting opposite to F'. Again taking both boxes as our system and resolving forces horizontally

$$F - \mu_kg (m + M) = (m + M) a  \Rightarrow a = \frac{F' - \mu_k g(m+M)}{(m+M)} $$

For the upper block as before, $\mu_s mg = m a$

Eliminating $a$ gives, 

$$\mu_s g (m+M) = F' - \mu_k g (m + M) $$

$$ F' = (\mu_s + \mu_k)g (m+M)$$
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3. Fun with blocks
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B3. A smaller block, mass m, is placed on top of a larger block of mass M. The coeffcient of static
riction between the two blocks is 1. The larger block rests on  frictionless surface and is subjected

to a force F as shown.

(a) Sketch two separate free body diagrams, labelling all forces, for systems comprising (i) just the top
block; (i) both blocks
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(b) Obtain an expression for the maximum force that can be applied before the upper block slips.
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(c) The system is now placed on a different surface, with a coeffcient of kinetic friction between the
larger block and the surfice, .. Find an expression for the maximum force, F', that can now be
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Problem 21

21 The figure shows a stack of two blocks, sitting on top of a table
that is bolted to the floor. All three objects are made from iden-
tical wood, with their surfaces finished identically using the same
sandpaper. We tap the middle block, giving it an initial velocity v
to the right. The tap is exccuted so rapidly that almost no initial
velocity is imparted to the top block.

(a) Find the time that will elapse until the slipping between the top
and middle blocks stops. Express your answer in terms of v, m, M,
9, and the relevant coefficient of friction. M
(b) Show that your answer makes sense in terms of units.

(€) Check that your result has the correct behavior when you make
m bigger or smaller. Explain. This means that you should discuss
the mathematical behavior of the result, and then explain how this
corresponds to what would really happen physically.

(d) Similarly, discuss what happens when you make M bigger or
smaller.

(¢) Similarly, discuss what happens when you make g bigger or
smaller.
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5-21  (a) The normal force at the top surface is
My, and the one  the bottom susface is (M +
m)g. Sinco there is sipping at both surfaces, the
coefficient of kinetic fiction is the one we care
about, and the two frictional forces are My
at the top surface (acting on both blocks) and
(M -+ m)g ut the bottom. The middle block
decclerntes, wihile the top one accelerates. The
velocity of the middle block is v — s (2M/m +
1)gt, and the velocity of the top biock is igt.
Setting these cqual to each other, we find
2uig(M/m +1)

(b) The units of the right-hand side are
(m/s)/(m/s*
(c) 1f m gets bigger, M/m gets smaller, and ¢
gets bigger. This makes sense physically. The
aceeleration of the top block docsn’t depend on
the mass of the middle block at all. The accel-
eration of the middle block depends on its own
mass for two reasons: (1) if it has more mass
it has more inertia; (2) if it has more mass then
there will be more frition at the bottom surface.
Although these two effccts are in the opposite di-
rection, they're not of equal strength. Doubling
the mass of the middle block, for example, dou-
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24 In the system shown in the figure, the pulleys on the left and
right are fixed, but the pulley in the center can move to the left or
right. The two masses are identical. Find the upward acceleration
of the mass on the left, in terms of g only. Assume all the ropes
and pulleys are massless and frictionless. Hints: (1) Use rules 1-3
on p. 185. (2) The approach is similar to the one in problem 20, but
the ratio of the accelerations isn't 1:1.
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