Math 763 Midterm Exam, Fall Name:

October 25, 2011 Student #:
Instructor: Dhar

Must show all work for full credit!!!

| pledge that | have not violated the NJIT code of honor
All questions 1) through 5) are weighted equally.

1) Consider the linear model described by

Y=XB +¢g,
where X is the ax(p+1) design matrix of full rank p+1 and B is the (p +1)x1 vector of
parameters, with E{€) = 0, Cov(g) = o1, where | is the full rank » identity matrix.

a. Derive the least squares estimator of ﬁ
b.  Show that the least squares estimator of 3 is an unbiased estimator of 3.
C. Derive the covariance matrix of the least squares estimator of B
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2) Consider the general linear model with vector of observations Y'= (
E(Y) ZOﬂ0+Zlﬂl+ +Zp lﬁ 1 i=l..., n, .—> q{x Zﬁ Xf

sansfying the assumptions of normality, independence, and homoscedasticity, with design
matrix Z of dimension nx p and the parameter vector B’ = (,30 ..... ﬁp ,) Let ﬂ be one of

the fixed parameter from the B’ vector, 0 < j, < p —1. Derive the test for the hypotheses:
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3) Consider the regression model! with k regressor variables described by

Y=XB+¢g,

where X is the nx p design matrix of full rank p and B isthe px1, p=k+1 vector of
parameters, with € multivariate normal with E(€) = 0, Cov(g) = &1, where l is the ful

rank » identity matrix. Here, B = B:l] , B1is the rx1 coefficient of r regressor
2

variables and B2 is the (p—7)x1.One would like to test H: B, =0 versus
a T
H:p = Oge)efine SSr(B1 | B2) and MS.s. Use Fo = {SSk(B+ | B2)/r} / MS s to arrive at the
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test of the hypotheses. Using S(?'l.) _ (1= P)MBres [1 (A=) define R-student and show
n—p-
how one would use it to do an outlier diagnostic.
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4) The following model has the predicted variable y as specific gravity and covariates as a
result of spectrophotometer analysis as x1: NG( Nitroglycerine), x2: TA (triacetin) and 2

13: NDPA (2-nitrodiphenlyamine). There is a need to estimate activity coefficients from the
model

1
Bixy + Poxy + Baxs
The quantity parameters f3|, f,and f; are ratios of activity coefficients to the individual
specific gravity of the NG, TA , and 2 NDPA, respectively.

+E.

a. Determine whether the above model is a linear model, an intrinsically
linear model, or nonlinear model. Explain.

b. Determine the starting values for the model parameters.

C. Name the method (or its brief description) that is widely used to

estimate the parameters of the above model.
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5) Consider the non linear regression model y; = f(x;,B) + &;,i=1, 2, ...,n, with the

errors are independent identically distributed as normal mean zero variance o’ H(-:IE ﬁ /5 /’AI
Obtain:
a. The likelihood function. A
b. The score function,Fw ,]S,
C. Use the appropriate form of the score function to obtain the information matrix and
thus the Cov (b), where b is the generalized least squares estimator of 5 .
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