
PHZ3113 mid-term

1. A particle is moving on a straight line, the initial position is at zero. Subsequent careful measurement reveals that its speed is proportional to the square root of the distance, , with a positive constant . What is  (let )? And what is its acceleration  as a function of time?

2. [bookmark: _GoBack]A 4th degree polynomial  has leading coefficient of 1. If , , , and , compute . (Hint: use 4th order Lagrange polynomial  to fit  and evaluate at )

3. Legendre transformation can be applied in ‘stages’. For a two-variable function , one can first transform: =, and form ; then perform the second transformation: , and form . Prove that a one-step transformation:  and so-formed  is identical to  except for a minus sign:  with the same transformed variables  and .

4. For planetary motion (in polar coordinate) the kinetic energy is  and potential energy is , where  is a positive constant. Perform a Legendre transformation on , define angular momentum as: . Using the fact that the angular momentum is conserved (meaning, a constant) to show that the (partially) Legendre-transformed Lagrangian  (which is called Routhian) describes an one-dimensional motion (in coordinate ), in an effective potential . Find the effective potential and determine () where  equals zero. (Hint: Lagrange equals , the overall sign is arbitrary).

5. For any two-degree-of-freedom system, define . Using the relationship:   to calculate as a function of  and . Prove further that if  for such a system,  must be equal to , with  being an unknown single variable function of .  

6. A certain blood test for some disease gives ‘positive’ result for 90% of patient who are infected with the disease (detection rate =90%), but also a ‘positive’ result for 5% of people who are NOT infected (false positive rate 5%). The infection rate among the population is one in ten thousands (prevalence rate of 0.01%). 

a) What is the probability that a person who tested ‘positive’ is indeed infected with this disease? 
b) Define an ‘accuracy’ measure as: , what will be its value for this test?
c) The company can invest X number of dollars into R&D and to improve either the detection rate to 99% OR to reduce the false positive rate to 4% (but not both), what should the company do to improve the test’s accuracy the most?

7. (bonus) Consider the famous ‘Hempel’s raven’ paradox, propose a resolution or present an existing resolution (searching the world-wide-web) using the rigorous mathematical language of set theory and probability theory.

