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INSTRUCTIONS

No notes,booksor calculatorsareallowed.

Therearethreeemptypages(16,17and18)at theendof theexam.
Youmayusethemfor roughwork. Thesepageswill notbegraded.

Thereare12questionswortha total of 100points.

For questions1, 4, 7, 11and12nopartialmarkswill begiven.
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1. Let
�

= (3 ��� 1 � 0), � = (1 � 0 � 1), � = (1 � 2 � 1). In eachstatement,fill in the blank with the
correctresult.Thespacebetweenstatements canbeusedfor calculations.� Theareaof a trianglewith vertices

�
, � , and � is .

� Thegeneralform of theequationof theplanepassingthrough
�

, � and � is

.

� Theprojectionof
���� � onto

�	�
�� � is .

� Let � betheline passingthrough
�

and � . Thedistancebetween� and � is .
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2. Considerthevectors[1 ��� 2 �
� ], [5 ��� 2��� 25] and[ ����� 10� 25].
(a) Find all valuesof � for which thesevectorsarelinearly independent.Stateyouranswer

clearly.
(b) For whatvalue(s)of � do thegiven vectorsspanR3?
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3. Let � =
�

5 0� 2 1 � . Write � asaproductof 2 elementarymatrices.
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4. Considerthefollowing lineartransformationsin theplane:

� Let � 1 be the counterclockwiserotationaboutthe origin by an angleof ��� 4 . Thenthe

standardmatrixof � 1 is

.

� Let � 2 bethereflectionabouttheline � = � . Thenthestandardmatrixof � 2 is .

� Let � 3 betheprojectionontotheline � = � . Thenthestandardmatrixof � 3 is .
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5. Let � be2 � 2 matrixsuchthat �
2
3 �

is aneigenvectorwith eigenvalue 4 and � � 1� 1 �
is aneigenvectorwith eigenvalue � 1.

(a) Find � .
(b) Find � 100. (Youmayleavepowersof numbersin youranswer.)
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6. Diagonalizethematrix � =
�

1 1� 2 4 � .
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7. Fill in theblanksbelow in theway thatbestcompleteseachstatement.To obtainfull marks
youneedfivecorrectanswers.

� Let � bean invertible 1313 � 1313matrix andlet � be thereducedechelonform of � .

Thendet(� 2 � 2� ) = .

� If � is 15 � 14matrixandnullity( � ) = 10,thenrank(� ) = .

� Let � bea 4 � 4 matrixwith eigenvalues1 ��� 1 � 2� 3. Thendet(��� 1) = .

� Let � bea 5 � 5 matrixwith determinant� 2. Thendet(adj(����� )) = .

� Let � be2 � 2 matrix with determinant� 6 andtrace � 5. Thentheeigenvaluesof � are

.

� Let � bea 2 � 2 matrixwith eigenvalues1 and2. Thendet(� 2 � 3� ) = .
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8. Let � =
�
4 1
1 4 � . Findanorthogonalmatrix � andadiagonalmatrix � suchthat � � ��� = � .
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9. Let � bea 2 � 2 matrix. Prove that thecolumnsof � form anorthonormalsetif andonly if� � � =  .
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10. Let � and ! be "#�$" matrices,andassumethat the columnsof � arelinearly dependent.
Prove thattherowsof ��! arealsolinearlydependent.



page12of 18

12

11.% Let � = & � 3 2 2
2 � 3 � 1
0 4 1 ' . In eachstatement,fill in the blank with the correctresult. You

mayusethenext pagefor calculations.� The characteristicpolynomial of � hasthe form (1 �)( ) * ( � 3 �)( ) + . Find " and , .

Answer: " = and , = .

� Theeigenspace- 1 is .

� Theeigenspace- � 3 is .

� Thegeometricmultiplicity of theeigenvalue1 is andthegeometricmultiplicity of

theeigenvalue � 3 is .

� In thespacebelow explain whetherthematrix � is diagonalizable. To obtaincredit,you

mustprovide asatisfactoryexplanation.
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On thispageyoumaydocalculationsconcerningproblem11.
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12. Let . = / [ 0��213�20 + 1 ] : 0��21 inR 4 beasubspaceof R3. In eachstatement,fill in theblankwith
thecorrectresult.Youmayusethenext pagefor calculations.

� A basisfor . is .

� A basisfor .65 is .

� An orthogonal basisfor . is .

� Let v = [1 � 2 � 0]. Thenproj7 (v) = .
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On thispageyoumaydocalculationsconcerningproblem12.
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