MSE-213 Autumn 2024 – Python Practice Week 
Run in the conda mse213 environment, use a Jupyter notebook. If you have trouble with that, you can use the online environment noto.epfl.ch
If you don’t know how to proceed, stackoverflow.org, google.com, chatgpt.com can be very helpful. For a specific Numpy function, numpy.org has the documentation, or just type “np.function?” into Jupyter (where function is the name of your function of course).
Task 1.
a) Starting with a Gaussian random distribution (np.random.normal), with mean=0 and std=1, find out by brute force (i.e. use a Monte Carlo Method, i.e. generate 1000000 random numbers and test it) what the probability is that a number is between -1 and 1 (This should be approximately 68%).
b) Now create a low number N (start with 4) of such random numbers. Repeat this M=1000000 times (i.e. make a 2D array, let's call that x2DArray). Compute the mean (let's call that xBarArray=np.mean(x2DArray,axis=0)). Draw a histogram of the distribution of these means. Find the mean of these means (np.mean(xBarArray)) and the std. of these means. How does that compare to the expectation from the Central Limit Theorem? What is the probability P of one such mean (one such value in  xBarArray) to be within -1 to +1?
c) Now find that probability P as a function of N (from N=2 to N=100) and make a plot of P(N). Again compare this to what you expect from the Central Limit Theorem. Optional: plot a line on top with the expected analytic result. 
d) Now compute the std of each set of N numbers (i.e. take xStdArray = np.std(x2DArray,axis=0)), and find the mean of this std (np.mean(xStdArray) ). How does this compare to what you expect? Plot the result as a function of N (from N=2 to N=100). 

Task 2.
a) In a certain populations, the height of men is described by a normal distribution of average 180cm and std 10cm, whereas the height of women is on average 170cm with a std of 10cm. Find the probability of one randomly chosen man to be taller than one randomly chosen woman. 
b) Now find the probability P that the mean height of N=3 randomly chosen men is larger than the mean of 3 randomly chosen women.
c) Find how this probability depends on N, plot P(N) (optionally: as a log plot of 1-P). How large does N need to be so that you find with 99.7% probability, that the mean height of men is bigger than the mean height of women?
