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Multiple Choice: 8 :

1. The number 0.123456 corresponds to the coordinate point (0.135, 0.246), and a similar correspondence can be
drawn for any number between 0 and 1. This helps to prove that which two following infinite sets are of equal size?

a) {rational numbers} and {irrational numbers}
b) # of points on a line segment and # of points on a unit square
c) # of points on a line segment and # of points on a line

d) {positiye rational numbers} and {natural numbers}

e) {numbers between 0 and 1} and {numbers between 0 and 4}

2. Which of the following is NOT a characteristic of groups?

a) Invertibility b) Identity ®ommutativity d) Associativity e) Closure
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3. The 4-post snap group is isomorphic to the reflection group of a tetrahedron, and a one-to-one correspondence can
be drawn between elements of the two groups. In the figure above, a correspondence is shown for some of the
elements. Which answer choice shows the missing snap element?
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4. On the complex number plane, if z is in quadrant 3, then -iz will be in quadrant
a) 1only @2 only c) 3only d) 4 only e) it depends on the exact value of z m
5. The group generated by the multiplication of complex numbers is isomorphic to the group generated by

a) rotations and shears bY stretches and shears @Etretches and rotations

d) rotations and reflections e) dilations and rotations —
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For Questions 6-8, refer to the following matrices.

18 -1 0 S
=[5 1l B=[5 S i \/_52
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6. What would be a possible eigenvector (with associated eigenvalue) of matrix A?

] (with eigenvalue of 1) b) [(1)] (with eigenvalue of 3) c) [(1)] (with eigenvalue of 1)

d) [(1]] (with eigenvalue of 3) e) [1] (with eigenvalue of 3)
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7. What is the order of the group generated by Matrix C?

Va)2 b) 4 c) 6 12 - e) 24

s 1}7
2e. Matric CBis a
a) rotation by 60 degrees A b)- rotation by 120 degrees
c) reflection over the line y = xtan(210) d) reflection over the line y = xtan(120)

e) /reflection over the line.y = xtan(105)
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9. Ifz= 3'cis%, thén
a) Re(z%5) < 0 b) Fm(z25) = 0 (@)ImE>) > 0 d) Arg(z25) = 0 \ag\z?= z
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10. Matrix [3 x] is used to transform a unit square into a parallelogram with an area of 35 square units. Which is a

possible value of x?

a) 35 b) 21/2 c) 7 @49/3 e) -6

3x - 4= 25
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group 3 is not |somorph|c to the first two [2 pts each]

Free Response:

11. Name 3 different groups that each have 40 members, but where groups 1 and 2 are isomorphic to each other, and :

Group 2 (Isomorphic to Group 1): &l (an Aop ﬂrﬁJ‘BALU\ W‘fﬁ ¥ l-..n ..:u_ cos T

Group 1: fOlVDJf’IOf\ Q(ouw l [/() sjc\aé po’vx,qon -
) os T -sir\%'—-(

Group 3 (not isomorphic to G1 or G2): Vﬁ/'acl-,-on d,{buho —xﬂ ZO g,&:l pn, aam

12. We want to use matrices to transform the point (-2, 5) to (4, 5).

a) What matrix could be used to shear the point (-2, 5) into (4,5) ? [3]
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b) Name a matrix that could map (-2,5) to (4,5) by first doing a horizontal translation (glide) and then a reflection
over the y-axis. Your answer should b i trix. [3]
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c) Explain why it is impossible to d *a{tation around the origin to ma (-2,5) into (4,5). [2]
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13. Consider the infinite set of numbers N defined as “The integer powers of 10" e.g. 102 107.....)

a) The set of numbers is not a group under addition. Which of the four group requirements does it fail to meet
(name all that it fails). [4]
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14. The “Herreshoff Recipe” we learned for decomposing a matrix fails for Matrix M below because the upper left hand -
corner is 0. One way around this is to begin by refiecting the matrix over the line y=x to begin with. Let’s try this with
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a) Use a reflection to transform matrix M into a new matrix N, which does not have a 0 in the upper left corner.

fhe matrix M:
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b) Decompose matrix N from part (a) usmg the rest of Herreshoff's recipe.
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c) Write matrix M as the product of simple shears, stretches, and reflections.
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15. Let z be a complex number in the first quadrant such that |z =2. Find |z—2] in terms of arg(z). In your work,

sketch a picture that includes z and (z - 2).
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16. Consider a prism whose base is an isosceles triangle (but not an equilateral triangle). How many elements would be
~in the rotation/reflection group of the prism? [3]
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17. Write 3 separate matrices that represents each of the following individual transformations : [6]

a) Rotate 50 degrees b) Reflect over the line 8 = 20° (_:) Reflect over the x-axis
counterclockwise '

(0S50 - sinS0® oS 4O° 5GinY4o® ' | o
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d) How many elements would be in the group generated by your answer from (a) alone? (3]
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e) How many elements would be in the group generated by your answers from (b) and (c) together? [3]
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5 135 } maps to the liney = SX . The set of points along the sides of the unit square, under

this transformation, would map to a line segment. Name the two endpoints of the line segment. [5]

(Olo\ and ((D‘BDj

18. The matrix [




