
Pra
ti
e Midterm 1 with SolutionsMA 265Instru
tor: Javier Zuniga NAME:No 
al
ulators or notes allowed. There are a total of 100 points. Read the exam 
arefully. Showyour work for full 
redit.1. (10 points) Let A = 24 1 2 0�1 0 10 3 �1 35Compute(a) 2A� AT � A 24 0 2 1�4 �13 51 9 �4 35(b) det [(3AT ) � (�A) � (A2)℄Sin
e detA = �5 thendet [(3AT ) � (�A) � (A2)℄ = det[3AT ℄ det[�A℄ det[A2℄= 33 det[AT ℄(�1)3 det[A℄ det[A℄2= �33(�5)4 = �33 � 542. (10 points) If A~x = ~b determine whether the system is in
onsistent, has a unique solution oran in�nite number of solutions.(a) A = 24 2 0 12 �4 1�2 8 �1 35 and ~b = 24 123 35Put the augmented matrix in REF to 
he
k that the system is in
onsistent.(b) A = � 1 2�1 �1 � and ~b = ~0We 
an put the augmented matrix in REF to noti
e that the system has a unique solution.Another way to prove this is to realize that sin
e A is square and the system is homogeneousit is enough to 
ompute the determinant. Sin
e detA = 1 the system has a unique solution.3. (10 points) Show that if A is a square matrix then(a) A + AT is symmetri
(A+ AT )T = (A)T + (AT )T = AT + A = (A+ AT )1



(b) A� AT is skew-symmetri
(A� AT )T = (A)T � (AT )T = AT � A = �(A� AT )(
) if A is skew-symmetri
 then AT is also skew-symmetri
.�(AT )T = �A = �(�AT ) = (AT )4. (10 points) Find the adjoint of 24 1 0 10 1 11 1 0 3524 �1 1 �11 �1 �1�1 �1 1 355. (20 points) True or False?(a) The set of twi
e di�erentiable real fun
tions is a ve
tor spa
e.TRUE (di�erentiation is linear, no matter what the order of the derivative is)(b) The set of 
ontinuous fun
tions is a subspa
e of the ve
tor spa
e of di�erentiable fun
tions.FALSE (is the other way around, the set of di�erentiable fun
tions is a subspa
e of thespa
e of 
ontinuous fun
tions)(
) The set of m by n matri
es whose sum of entries on the �rst 
olumn adds up to zero is asubspa
e of Mm;n.TRUE (
he
k this!)(d) The set ofm by n matri
es whose sum of entries on the �rst row is equals to 1 is a subspa
eof Mm;n.FALSE (the zero matrix doesn't satisfy this property)(e) The set of positive real numbers with sum de�ned as x � y = x � y and 
 � x = x
 is asubspa
e of R1 .FALSE (the operations are not the same!)(f) The subset of Rn with last entry equal to zero is a subspa
e.TRUE (
he
k this!)(g) The line passing through the points (1; 1) and (1; 0) is a subspa
e of R2 .FALSE (it doesn't in
lude the origin)(h) The set of matri
es with zero determinant is a subspa
e of M2;2.FALSE (� 1 00 0 � and � 0 00 1 � both have zero determinant but their sum � 1 00 1 � hasdeterminant equal to 1. Therefore this set is not 
losed under addition)2



(i) The plane in R3 with equation 2x + 3y � z = 0 is a subspa
e of R3 .TRUE (this plane in
ludes the origin!)(j) The set of solutions to an non-homogeneous system is a subspa
e.FALSE (the zero ve
tor 
an not be a solution, so it doesn't belong to this set!)6. (10 points) Do the polynomials t3 + 2t+ 1, t2 � t+ 2, t3 + 2, �t3 + t2 � 5t+ 2, t+ 1 span P3?Yes, to show this write down the matrix whose 
olumns are the 
oeÆ
ients of the polynomials.Putting this matrix in REF gives four pivot 
olumns and this ensures that these �ve ve
torsspan P3.7. (20 points) Show that the set of 2 by 2 matri
es whose sum of all entries is equal to zerois a subspa
e of M2;2. Find a set of matri
es that spans this subspa
e and that is linearlyindependent. Can you �nd another set of spanning matri
es that is a subset of the given setof matri
es? �� 1 �1�1 1 � ; � 2 2�2 �2 � ; � 0 1�1 0 � ; � 6 4�7 �3 � ; � �1 01 0 ��To show that it is a subspa
e we 
he
k three things. 1) It is not empty sin
e the zero matrix� 0 00 0 � has as sum of entries: 0 + 0 + 0 + 0 = 0. 2) It is 
losed under addition be
ause if� a11 a12a21 a22 �, � b11 b12b21 b22 � are two su
h matri
es then the sum � a11 + b11 a12 + b12a21 + b21 a22 + b22 � satis�es(a11 + b11) + (a12 + b12) + (a21 + b21) + (a22 + b22) = (a11 + a12 + a21 + a22) + (b11 + b12 + b21 + b22) = 0 + 0 = 03) Finally if 
 is a 
onstant and � a11 a12a21 a22 � is su
h matrix then the re-s
aled matrix � 
a11 
a12
a21 
a22 �satis�es 
a11 + 
a12 + 
a21 + 
a22 = 
(a11 + a12 + a21 + a22) = 
0 = 0Given a 2 by 2 matrix � a b
 d � with a+ b+ 
+ d = 0 solving for d gives d = �a� b� 
. Thus� a b
 d � = � a b
 �a� b� 
 � = a � 1 00 �1 �+ b � 0 10 �1 �+ 
 � 0 01 �1 �and the set of spanning matri
es is�� 1 00 �1 � ; � 0 10 �1 � ; � 0 01 �1 ��If we try to �nd another set of spanning matri
es that is a subset of the given matri
es we seta system
1 � 1 �1�1 1 �+ 
2 � 2 2�2 �2 �+ 
3 � 0 1�1 0 �+ 
4 � 6 4�7 �3 �+ 
5 � �1 01 0 � = � a b
 d �3



where d = �a� b� 
The asso
iated augmentmented matrix is2664 1 2 0 6 �1 a�1 2 1 4 0 b�1 �2 �1 �7 1 
1 �2 0 �3 0 �a� b� 
 3775whi
h is row equivalent to 2664 1 2 0 6 �1 a0 4 1 10 �1 a+ b0 0 1 1 0 �a� 
0 0 0 0 0 0 3775Thus we 
an take the �rst three ve
tors on the given set sin
e they 
orrespond with pivot
olumns and the system is 
onsistent.8. (10 points) Find a set of ve
tors spanning the solution spa
e of A~x = ~0 where2664 1 0 1 01 2 3 12 1 3 11 1 2 1 3775The given matrix is row equivalent to 2664 1 0 1 00 1 1 00 0 0 10 0 0 0 3775Therefore the solution is x1 = �r, x2 = �r, x3 = r, x4 = 0. The solution is then spanned bythe ve
tor 2664 �1�110 3775
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