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Applied Linear Algebra 2270-2
Midterm Exam 1
Wednesday, 14 Feb 2007

Instructions: This in-class exam is designed for 50 minutes. No tables, notes, books or
calculators allowed.

1. (Inverse of a matrix) Supply details for two of these:

a. If A and B are n x n invertible, then (AB)™' = B~1A~L

b. Give an example of two matrices A and B, not necessarily square, such that
AB = I but Ax = 0 has infinitely many solutions.

c. Give an example of a 3 x 3 matrix A and a frame sequence starting at C =
aug (A, I) which proves that A~ does not exist.
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2. (Elementary Matrices) Let A be a 3 x 3 matrix. Let

1 0
rref(A4) = ( 0 1 ) .
0 0

Assume rref(A) is obtained from A by the following sequential row operations: (1)

Swap rows 1 and 2; (2) Add —3 times row 2 to row 3; (3) Add 2 times row 1 to row
2; (4) Multiply row 2 by 4.

O O

a. Write a matrix multiplication formula for rref(A) in terms of explicit elementary
matrices and the matrix A. (80%)

b. Find 4. (20%)
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3. (RREF method)

Part I. If a non-homogeneous system has a unique solution, then what is the rank
and nullity of the corresponding homogeneous system? [20%)

Part II. Let a, b and ¢ denote constants and consider the system of equations

)

A VAN NN
a. Determine those values of a, b and ¢ such that the system has a unique solution.
(40%)  9e-b#0 ,a%0
b. Determine those values of a, b and ¢ such that the system has no solution. (20%)
X-b =0, aF0

c. Determine those values of a, b and ¢ such that the system has infinitely many

solutions. (20%) =0 [Valug of 2-5 Com ke amgThing])

To save time, don’t attempt to solve the equations or to produce a complete frame
sequence.
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4. (Matrix algebra)
Do two of these:

a. Find all 2 x 2 matrices A such that ( (1) (1) ) A=A ( ?) 1 )

b. Let A be a 3 x 2 matrix and B a 2 x 3 matrix. Explain using matrix algebra
and the three possibilities why the 3 x 3 matrix C' = AB cannot be invertible.

c. Prove for 2 x 2 matrices A, B, C that A(B+ C) = AB + AC. Please use only
the definition of matrix addition, scalar multiply and matrix multiply.

© A= (55 (COEn=(:D]

€D = S

C_;‘”c"_; i 0o -3 0 I 0 -3 © | 0-=3 0
o~ 2 0 -1 O o o € 0 \asl 0 0 | O
(‘l?’%.‘?,\“” 1 1 0 I "(oxz-—; (013-—1
o -1 t | o -1t o =1 1 O©o Y 0o
10 © O © v © =0
——a(ooto}-ﬁ L,o-ﬂ a=t = o {?
R v ol 0 c'-og
©o0b 0O 000J d:{l O \
%M‘Li
P TN < W‘go\,’vxonze*'o‘
© supowe € to rivele, Buopms vondBjE 2, Tt
n o+ Bx=oO. | ABx = Cx
A "2 e oA
s ,
r\.(.)»:_ = mulhply by € both 3eds>
Q,Ew-ﬁ'x deehiow

(© dea ok proot: Let A= (% a,_) 1“"‘””‘7’"" B,C . M

a3y Ay

Ql Q bl"’c\ LL"’CL — G,L,+a,C, 4 azLB‘fﬂzcg ® 3
A(g‘fCJ“-: ( &y qt&)( baily LHJ,cq) ( . )
Expord AB+AC omd of T Some atiyx,

Please staple this page to your solution. Write your initials on all pages.



KEY

5. (Geometry and linear transformations)

Part I. Classify T'(x) = Ax geometrically as scaling, projection onto line L, reflection
in line L, pure rotation by angle 6, rotation composed with scaling, horizontal shear,
vertical shear. Define L and # where applicable. [60%)]
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Part I1. Give details. [40%)]

e. Define,vertical and horlzontal shear T(;.C}: Af
Ta=(%9) Tas(ll
f. Display the mafrlx 4 of a progectlon onto a line L in R3.
bl L\
g. Define reﬂectlon in a line L in R2

TE) = 2 (x- W) n— 3
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