
AST443/PHY517

Homework 3

Due in class Wednesday 14 October 2020

1. You observe the following number of counts in a time series:
26 32 28 26 29 24 24 24 27 25 25 30 25 29 31 25 29
A.) What are the mean, mode, and median values?
B.) What is the standard deviation of the mean?
C.) Assume gaussian (

√
N) statistics. What are the values of the χ2 and χ2

ν

statistics?
At what level of confidence can you reject the hypothesis that the data are
constant?

2. Write a program that

(a) generates a vector of 1000 points with normally-distributed (i.e.,
√
N) er-

rors. (hint: in IDL, use the randomn function).

(b) plots the distribution of residuals from the mean.

(c) fits the distribution with a Gaussian (hint: in IDL, check the gaussfit pro-
cedure). Verify that the errors are normally distributed.

(d) computes the chi-square of the residuals with respect to the mean.

Show the code, as well as your plots and answers.

3. You observe a star on a CCD image. A circular region of 5 pixel radius centered
on the star contains 500 counts. A circular region of 10 pixel radius centered on
the star contains 770 counts. Determine the number of source counts, and the
S/N of the detection.

4. You observe a quasar with a count rate of 0.2 counts per second; the background
is 0.1 counts per second.
A.) How long do you need to observe to detect 100 counts from the quasar?
B.) What is the S/N in this time?
C.) How long need you observe to detect the quasar with S/N=10?



5. In Ordinary Least Squares OLS(Y|X), y is a function of x and there
are no uncertainties associated with x. One fits a model f(x) by

maximizing the probability Pi=
1.

σi
√
2π

e
1
2 [
yi−f(xi)

σi
]2
.

A.) Show that this is equivalent to minimizing the square of the
deviation [yi−f(xi)σi

]2.
B.) for a linear model, f=mx+b, minimize the square of the devi-
ations to solve for m and b. Assume that the uncertainties σi are
uniform.
C.) (PHY517 only). Redo part B for the case where σi are not
uniform.
D.) (PHY517 only). Repeat part B, but for a quadratic model.
Assume uniform uncertainties.

6. After fading for the first 33 days after it exploded, the nova V357
Mus began brightening in the K band on about day 35 because it
began forming dust.
A.) Use the results of problem 5B, and the data in the table below,
to determine the mean rate of change of V357 Mus from day 20 to
33 in both the I and K bands. Assume a linear decay in magni-
tudes/day.
B.) Assume a linear increase in the K band brightness once dust
forms. Fit the data. The intersection of the two fits is a good esti-
mate of when the dust started to form. What is it?
C.) (PHY517 only). Compare the decay rates from part A. At
what level of confidence can you state that the two rates are the
same?



V357 Mus Magnitudes

Day I mag (error) K mag (error)

15.0698 5.763 0.04 4.936 0.08

17.0493 5.898 0.04 4.829 0.07

18.0644 5.926 0.05 4.914 0.07

19.0679 5.661 0.04 4.765 0.07

20.0630 6.161 0.05 4.962 0.08

21.0332 5.877 0.04 5.031 0.07

22.0454 6.241 0.04 5.110 0.08

23.0220 6.232 0.05 5.188 0.08

24.0200 6.200 0.05 5.205 0.08

25.0576 6.409 0.04 5.405 0.09

26.0029 6.404 0.05 5.395 0.08

27.0215 6.361 0.05 5.310 0.08

28.0000 6.536 0.05 5.394 0.08

29.0142 6.488 0.05 5.553 0.08

31.0176 6.622 0.05 5.638 0.08

33.0132 6.773 0.05 5.769 0.08

35.0127 6.963 0.05 5.649 0.08

36.9883 7.095 0.05 5.293 0.08

39.0503 7.232 0.05 4.890 0.08

40.9873 7.389 0.05 4.571 0.08


