PHYS117 – Dynamics & Waves –2016W1	Tutorial week 2
Mechanics concepts pre-test and problem solving strategies in 1d kinematics 

This first tutorial has 2 parts. All students will first complete the mechanics concepts diagnostic test (please do not refer to it as the Force Concept Inventory’), followed by a session on problems solving for 1D kinematics problems

Mechanics concepts test: 
· Students should use pencil (you’ll need a supply for those who don’t) and show them clearly how to (and how not to!) complete the answers for the questions 
· They should need 45 mins for this, no more than 50. Closed book, no calcs needed. 
· [bookmark: _GoBack]Just ask people who are done early to sit and wait for the others, or give them the problem sheet to get working on. 
· Collect papers at the end, check to make sure all have student ID details on the front page. 
· Probably give them a 5-10 min break after this. 
· Reassure them that these tests are small contributions to their final grade and in the case of these concepts (forces), we will come back to them later in the course. 

Problem solving session. 

· Briefly spend 10 minutes introducing the idea of a strategy for solving more complex problems than one single step. (get started, devise a plan, execute, evaluate)
· Resist the temptation to deliver a mini-lecture on how to solve the problem: ask for input as to how they would go about setting up the strategy for the problem and once you have the statements at the end of step 2 (ie the strategy of calculating throw speed, then max attainable height) let them solve it, in groups and circulate around to make sure everyone is on task. 
· Groups will take very different amounts of time to solve: get them to move on to later problems if they have done it, but do take a few minutes to summarise the approach and solution to this problem.
· Try and get all groups to the end of the flea jump problem; the third one is from the textbook and is good practice - they can look up answers to parts (b) and (d) online.
Q1: Stone-throw problem
A classmate leaves you a phone message betting you cannot throw a stone high enough so it lands on the roof of a 20m high building. As you stare out of the window contemplating the challenge, the well in the courtyard gives you an idea. You drop a stone into the well and hear a splash 4s later. Then you select another stone and throw it down the well as hard as you can, and this time you hear the splash 3s later. After a quick calculation, you can call your friend back. Do you accept the challenge or not? 


	PS steps
	Problem solution steps

	1. Get started 

	· Relevant bits of physics here will be constant acceleration eqns in 1D (vertically) 
· Seeing as we’re mainly throwing things down a hole, let’s take down as +ve
· We’re not going to worry too much about precision here, quantities to 1sf

	2. Devise a plan 
	· From the drop experiment I can work out the depth of the well 
(using s=ut + 1/2at2, u=0 since I drop from rest)
· I can then use that depth of estimate how fast I throw the stone down 
(using s=ut + 1/2at2, s from previous part, u unknown)
I’ll use this speed to estimate how far I can throw a stone upwards 
(using v2 = u2 + 2as, u from previously, v at apex of motion = 0)
· Then compare this to the 20m challenge and see if I should take it

	3. Execute the plan
	· For the drop: s=ut + 1/2at2  s ~ 80m 

· For the downward throw: s=ut + 1/2at2  u ~ 11 m/s

· For the upward throw: v2 = u2 + 2as  s ~ 7m

· So I will fail the challenge. 

	4. Evaluate the answer
	· Seems a fairly small height to throw a stone, but not unreasonable.  




Q2: Flea jump problem (textbook 3.23)
Some fleas can jump as high as 30cm. The flea only has a short time to build up speed — the time during which its center of mass is accelerating upward but its feet are still in contact with the ground. Make an order-of-magnitude estimate of the acceleration the flea needs to have while straightening its legs, and state your answer in units of g, i.e., how many “g’s it pulls.” (For comparison, fighter pilots black out or die if they exceed about 5 or 10 g’s.) 


	PS steps
	Problem solution steps

	1. Get started 

	· Relevant bits of physics here will be constant acceleration eqns in 1D (vertically) 
· Let’s assume the flea jumps vertically upwards, and we’ll take that as the positive direction
· We’re not going to worry too much about precision here, quantities to 1sf

	2. Devise a plan 
	· I can work out the launch speed of the flea 
(using v^2 = u^2 + 2as,, v=0 since it comes to rest)
· I can then apply the same equation (different v, u, a and s though!) to calculate the acceleration of the flea before it leaves the ground, reaching the initial launch speed over the distance of its leg extension.  
(using v^2 = u^2 + 2as,, u=0 since it starts at rest)
· Then divide by 10 to get answer in units of g

	3. Execute the plan
	· Launch speed to reach 30cm height u = sqrt(6) m/s
·  Compute acceleration over 0.1mm extension and divide by 10, a = 17g m/s^2

	4. Evaluate 
	· Many more times higher; quick web search shows not unreasonable value  




Q3: Parachute jumping (textbook 3.25)
[image: ] 

Not so suited to applying the problem solving strategy as it is already chunked into parts. 

a) b has units of length; c has units of speed; k has units of time
b) This will produce some differentiation headaches: it’s worth looking at the dimensions of the terms – they have to all have dimensions of speed. The correct ans is –c (1-c exp(-t/k)
c) C is the terminal velocity – the max speed attained during the fall
d) a=-c/k exp(-t/k), so as t increases, a falls towards zero. 

Q4: Fermi problem. 
Estimate the annual cost in $ of street-lighting Vancouver, assuming all lights are still the old-fashioned sodium lamps. How much money can be saved each year by switching to higher-efficiency LED lamps, which are 50% more efficient than sodium lamps? 
 (Note that there is no absolutely correct answer here, that’s why the question asks you to estimate. It’s all about the strategy you take to get there.) 

	PS steps
	Problem solution steps

	1. Get started 

	· There’s no real ‘physics’ needed to solve this, just a model for how to solve this and then series of approximations for the quantities involved. 

	2. Devise a plan 
	· I need to know the area that the city occupies: I will assume an area bounded by English Bay (N), Boundary Rd (E), SW Marine (S) and the Endowment Lands  (W). If we mentally shift the downtown core / Stanley Park and put it on Sea Island at YVR it’s approximately a rectangle of 13km x 8km (take a look at a Google map)
· I need to estimate how densely packed streetlights are. (number per sq km)
· This will allow me to calculate the total number of streetlights (N)
· I need to find out the power rating of the sodium lamps in streetlights and estimate how long each one is on for each day. 
· If I can then find out the cost of a kWh of electricity, I can work out how much one streetlight costs to run each year in $. 
· Multiplying this number by N gives me an annual cost in $.
· I can then calculate the cost saving of LED lamps; if they are 50% more efficient then they cost 2/3 as much to run. 

	3. Execute the plan
	· Area of Vancouver  ~ 13km x 8km, so approx.. 100 km2 (Google claims 115 km2, so not a bad estimate)
· Density of streetlights. Notwithstanding the fact there are numerous city parks where street lighting is much less dense, I will assume a street light every 40m on a city block, so 1 streetlight every 0.0016 km2
· So, number of streetlights in Vancouver, N = 100/0.0016 = 62,500 
· Old fashioned sodium lamps are pretty energy-hungry. Let’s say each one is rated at 300W (similar to my porch floodlights) 
·  Streetlights are on much more in the winter than in the summer, due to the shorter days (and incessant rain). I estimate an average of 8 hrs per day for 365 days per year. 
· So each streetlight uses a total of 0.3 x 8 x 365 = 876 kWh of power each year. 
· BC Hydro charges me $0.10 per kWh up to a certain maximum. They also charge me a service fee to supply my home with power of $0.22 per day. I have no idea what the rate is for the city, nor how much they pay in a supply service fee, so I will simply assume it works out the same as my $0.10 per kwh. (This is ok; it might be double or half this, but it is unlikely to be 10x smaller or 10x larger, which is what we’re trying get at with this kind of order of magnitude estimation). 
· We are nearly there. One streetlight thus costs = $0.10 x 876 = $87.6 
· So the total cost of street lighting is $87.6 x 62500 = $5.475M
· If we could switch to LED lights, notwithstanding the additional cost of manufacture and the labor to do it, it would reduce the annual Hydro bill by close to $2M. Not to mention the fact that the lifespan of LED bulbs is about 4x longer than the sodium lamps. 

	4. Evaluate the answer
	· I can check a number of the quantities I estimated via Google, so at least I know I am in the right ball park 
· Area of Vancouver is 115km2 (I said 100km2) 
· I calculated 62500 streetlights in Vancouver (Google tells me BC has somewhere between 300,000 and 400,000, so this seems reasonable).
· But aside from calculating the accuracy for the individual component steps, just how accurate is our final answer likely to be? Well, it’s probably within an order of magnitude, meaning that the actual bill is unlikely to be either smaller than $1M or larger than $10M unless there is something egregious with our model. 
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25 A person is parachute jumping. During the time between
when she leaps out of the plane and when she opens her chute, her
altitude is given by an equation of the form

y=b-c(t+ke ),

where ¢ is the base of natural logarithms, and b, ¢, and k are con-
stants. Because of air resistance, her velocity does not increase at &
steady rate s it would for an object falling in vacuum.

(8) What units would b, ¢, and & have to have for the equation to
make sense?

(b) Find the person’s velocity, v, s a function of time. [You will
need o use the chain rule, and the fact that d¢)/dz =¢*]
(c) Use your answer from part (b) to get an interpretation of the
constant c. [Hint: e~ approaches zero for large values of z.]

(d) Find the person’s acceleration, a, as a function of time. |
(€) Use your answer from part (d) to show that if she waits long
enough to open her chute, her acceleration will become very small.




