MATH 33A: LINEAR ALGEBRA AND APPLICATIONS
FALL 2016 - LECTURE 2
Jukka Keranen
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By signing below, you confirm that you did not cheat on this exam. No exam booklet without a signature will be graded.

INSTRUCTIONS
e Please do not open this booklet until you are told te do so.

e You are only to use items necessary for writing. No other devices of any kind are permitted.

e No books or notes.

e If you have a question at any time during the exam, please raise your hand.

e You will receive points only for work written on the numbered pages. Please use the reverse side as scratch paper.
e Make sure to write legibly. Illegible work will not be graded.

e Make sure to show all your work and justify your answers fully.

e If you finish early, please wait in your seat until the time is called.
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1. a) (6 pts) Find a basis for the image of the following matrix:

1 0 2 4

0 1 -3 -1
= 3 4 -6 8[|

0 -1 3 4

b) (4 pts) Find a basis for the kernel of the matrix A from part a).
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2. a) (2 pts) Let B be the standard basis of R?. Describe geometrically the linear transformation T : R? — R? whose

SB-matrix is y
\ - v(-g
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b) (4 pts) Write down a basis B’ for R? such that the B’-matrix of T is diagonal, and write down the B'-matrix of T'.

c) (2 pts) Describe geometrically some linear transformation R : R2 — R? such that there is no basis B’ of R? with respect
to which the %B’-matrix of R is diagonal.

d) (2 pts) Write down the B-matrix of the transformation R you described in part c), where 9B is the standard basis of R2.

B
N } -7/, J”, B / , S OIS > o' @ /-‘y\{[/v‘ (// /ﬂ/ ¢ ?”//’(4/
& [T L je LS miayun 1> TUE i il b s :

/ // . / Iy < A (/(
[ .6\ / L/ T L U | A ) )
L, vetar / e [ 7 s O(f | Gulere
/] . I'\ L’/:)r ‘,f /// ‘u‘b

v ,

f. (A, U 7 (:‘\ 2 1 ) /
( U / > Q Ly { Ve (tor
\ i / //
- /),
N )
| -
D] ) ;
= = 2

]

' 1 J /
] /11 ) ) [ [, ‘ ] / ,‘ : / y
) / Wllofser o oo Vector pwto Al Vete ) | A



s

~ N

3. Let B be the standard basis of R3, and let

1/v2 ~1/v/2 0
0 0 1

where the vectors 77, ¥, and ¥ have been written in terms of 8. The set B’ is also a basis of R3. Let

D=

1 -1 1
A=l =1 =l
1 -1 1
be the $B-matrix of a linear transformation 7 : R® — R3.
a) (2 pts) Write down the change of basis matrix 5 Ssp:.
b) (4 pts) Write down the change of basis matrix 5+ Sss.
c) (4 pts) Find the B’-matrix B of T'. - S
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4. a) (4 pts) State the Rank-Nullity Theorem.
For the remainder of Problem 4., let A be an n x m matrix, and let B be an invertible m x m matnx
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71
c) (2 pts) Show that dim(ker(A4)) = dim(ker(AB)). L2 o ’b » )

b) (2 pts) Show that Im(A) = Im(AB).

2
d) (2 pts) Determine the rank of BT AT in terms of the rank of A. d
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5. Let V be the following subset of R*:

V= €ER* | z+y+2z+w=0, z—y+z+w=0
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a) (2 pts) Show that the set V above is a subspace of R* by showing that V is the kernel of a linear transformation 7" : R* — R?.

b) (8 pts) Find an orthonormal basis for the subspace V above. Make sure to show all your work.
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