2004 Mu Alpha Theta Convention

Complex Numbers Topic Test

Notation:  i = 
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;  
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 is the complex conjugate of z;  |z| is the norm or absolute value of complex number z;  a + bi is the rectangular form for a complex number;  r (cos 
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+ i sin 
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) is the trigonometric form; 
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r
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 is the exponential form;  (r, 
[image: image6.wmf]q

) is the polar form;  Re (z) is the real part of z; and Im (z) is the imaginary part of z.

NOTE:  For each problem, NOTA means that none of the answers are correct.

  1.
Simplify:  (3 + 5i) – 2(7 – 3i)


A.  -11-6i
B.  -11- i
C.  -6+6i
D.  -11 + 11i
E.  NOTA

  2.  
Find the sum of the conjugate and the reciprocal of 3 + 4i in a + bi form.


A.  
[image: image7.wmf] 

1

8

5

-

2

4

5

i



 EMBED Equation.DSMT4  [image: image8.wmf]
B.  
[image: image9.wmf] 

1

8

5

+

2

4

5

i


C.  
[image: image10.wmf] 

7

8

2

5

-

1

0

4

2

5

i


D.  
[image: image11.wmf] 

7

8

2

5

+

1

0

4

2

5

i


E.  NOTA

  3.  
Simplify:  4i (3 – 2i)2

A.  -80
B.  24 + 20i
C.  48 + 20i
D.  48 + 52i
E.  NOTA

  4.
Which of the following is used when graphing complex numbers?


A. Argand plane
B.  Cartesian plane
C. Euclidean plane
D. Euler plane
E.  NOTA

  5.  Simplify:  
[image: image12.wmf] 

5

i

3

+

6

i



A.  
[image: image13.wmf] 

5

9


B.  
[image: image14.wmf] 

-

2

3

+

1

3

i


C.  
[image: image15.wmf] 

2

3

+

1

3

i


D. 30 + 15i 
E.  NOTA
  6.  Simplify:  
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A.  13 - 20i
B.  18 - 24i
C.  20 - 20i
D.  30 - 40i
E.  NOTA
  7.  Given:  w = 5 – 3i;  u = 6 – 2i ;  and v = 3 + 4i, which of the following has the greatest absolute value?


A.  uv
B.  uw
C.  vw
D.  
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E.  NOTA
  8.  Evaluate:  
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A.  
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D.  
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E.  NOTA
NOTE:  For each problem, NOTA means that none of the answers are correct.

  9.  Find x – y if x and y are real numbers such that:  x(3 + 5i) + 7 – 8i= y(11 + 38i).


A.  -7
B.  -5
C.  5
D.  cannot be determined
E.  NOTA

10.  Simplify:  
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A.  -12 + 40i
B.  -12 + 20i
C.  8i
D.  12 + 20i
E.  NOTA 

11.  How many complex numbers are equal to the square of their conjugate?


A.  1
B.  2
C.  3
D.  4
E.  NOTA

12.  Write in a + bi form:  
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A.  
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E.  NOTA
13.  Find 
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A.  -4
B.  -2
C.  2
D.  4
E.  NOTA

14.  Which of the following represents the multiplicative inverse of 2
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 in polar form?


A.  
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B. 
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C. 
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E.  NOTA


15.  Simplify:  
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A.  -2
B.  -2i
C.  2i
D.  2
E.  NOTA
16.  Determine the set of real values for a such that the roots of 
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values of b on the interval -6 < b < 4.
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E.  NOTA

NOTE:  For each problem, NOTA means that none of the answers are correct.

17.  Which of the following is a cube root of 
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A.  
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D.  2
E.  NOTA
18.  If 3 + 2i, 6 – 7i, and a + 8i are collinear (and a is a real number), find a.


A.  -1
B.  1
C.  6.6
D.  9
E.  NOTA  

19.  Evaluate:  
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A.  
[image: image46.wmf] 

1

1

7


B.  
[image: image47.wmf] 

1

1

3


C.  
[image: image48.wmf] 

5

1

3


D.  
[image: image49.wmf] 

7

1

7


E.  NOTA

20.  Two of the three solutions to the equation 
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 are 2 + 3i and 5.  If b, c, and d are real  

   
numbers, find b + c –d.


A.  -107
B.  -41
C.  -23
D.  24
E.  NOTA


21.  If the expansion of (3 – 3i)n yields a pure imaginary number, then what is the remainder when 3n is  

divided by 4?


A.  0
B.  1
C.  2
D.  3
E.  NOTA

22.  Evaluate:  
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A.  -63i
B.  – i
C.  -4-7i
D.  63i
E.  NOTA

23.  Find 
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 is equal 7 – 2i.


A.  
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E.  NOTA

NOTE:  For each problem, NOTA means that none of the answers are correct.

24.  The solutions to the equation:  x3 – 3x2 + 4x – 2 = 0 are a, b, and c.   If c is a real number, then find 
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A.  0
B.  1
C.  2
D.  4
E.  NOTA

25.
  If a and b are natural numbers and (a + bi)3 is a real number, then find 
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A.  
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D.  cannot be determined
E.  NOTA

26.  
Find the area of triangle ABC in the complex plane if A represents 2 + 5i, B represents 5 + i, and 


C represents 1 – 2i.  


A.  5
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C.  25
D.
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E.
NOTA
27.  If all of the complex numbers, z, for which:   
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   are graphed in the complex plane, and the polar forms of these points (r,
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) are considered, which of the following describes the range of values of 
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 (where 0 < 
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< 2π) that will be shaded?  Recall Re(a+bi) = a and Im(a+bi) = b.


A. 
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B. 
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C. 
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E.  NOTA

28.  Let (a, b) be the result of rotating the point (9,8) 120° counterclockwise about (3,5).  Find a + b.


A.  
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E.  NOTA

29.  
Which of the following is a solution to the equation :  
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A.  
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E.  NOTA
30.  If  
[image: image82.wmf] 
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 share two roots in common, find m + n.


A.  -6
B.  -3
C.  -2
D.  cannot be determined
E. NOTA

Tie breaker 1:  How many complex numbers can be written in the form a + bi where a and b are positive integers and 
[image: image84.wmf] 
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Tie breaker 2:  Find Re (3 – 2i)4.
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Alpha Complex Numbers

Answers

	#
	Answer
	#
	Answer

	1
	D
	18
	B

	2
	C
	19
	C

	3
	C
	20
	E

	4
	A
	21
	C

	5
	C
	22
	C

	6
	C
	23
	B

	7
	B
	24
	C

	8
	D
	25
	Thrown out

	9
	B
	26
	B

	10
	D
	27
	B

	11
	D
	28
	C

	12
	A
	29
	B

	13
	B
	30
	A

	14
	A
	TB1
	41

	15
	D
	TB2
	-119

	16
	A
	TB3
	

	17
	A
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Complex Numbers Solutions

  1.
D.  (3 + 5i) – 2(7 – 3i)=3 – 14 + 5i + 6i = -11 + 11i

  2.  
C.  3 – 4i + 
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  3.  C.  4i (3 – 2i)2 = 4i(9 – 12i -4) = 4i (5 – 12i) = 48 + 20 i

  4.
A. Argand plane


  5.  C. 
[image: image89.wmf] 

5

i

3

+

6

i



 EMBED Equation.DSMT4  [image: image90.wmf] 

3

-

6

i

3

-

6

i

=

5

i

(

3

-

6

i

)

4

5

=



 EMBED Equation.DSMT4  [image: image91.wmf] 

2

3

+

1

3

i


  6.  C. 
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  7.  B.  uv = 26+18i
  uw=24-28i
vw=27+11i
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  8.  D.  
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  Use DeMoivre’s theorem:  
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  9.  
B.  Write two equations:   Real:  3x + 7 =11y       Im:     5x – 8 = 38y  Solve the system to find x=-6 and 
y = -1  so x – y = -5.

10.   D.  
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11.  D.  a+bi = (a-bi)2 = a2 –b2 -2abi    real part a = a2 – b2    imaginary part   b = -2ab  so a = -1/2 or b = 0


substitute into real equation:  - ½ = ¼ - b2 so b = 
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 when a = - ½    and a = 0 or 1 when b = 0 so 4.

12.  A.  
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13.  B.  
[image: image101.wmf] 

-

1

i

+

2

i

2

-

3

i

3

+

4

i

4

i

æ

è

ç

ç

ç

ö

ø

÷

÷

÷

=

-

1

i

2

+

2

i

3

-

3

i

4

+

4

i

5

=

1

+

2

i

-

3

-

4

i

=

-

2

-

2

i

.  Imaginary part is -2.

14.  A.  2
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15.  D.  
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16.  A.   Use the discriminant: b2 – 4a(2) < 0
a> b2/8   so a>36/8    and   a>16/8   


      To be sure it works for all values of b, a>9/2.

17.  A.  
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  so the answers are 2i, 
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18.  B.  If 3 + 2i, 6 – 7i, and a + 8i are graphed, the slope of the line will be -3 so a = 1.

19.  C.  
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[image: image109.wmf]¸

|5+12i| = 5/13

20.  E.  The roots are 2 + 3i, 2 – 3i, and 5.  Sum of the roots = -b = 9 so b = -9


Sum of the roots two at a time =c = (2 + 3i)(2 – 3i) + 5(2+3i) + 5(2-3i) = 33

1
Product of the roots is –d = 65  so d = -65.    b + c - d = -9 + 33 –(-65) = 24+65 = 89

21.  C.  (3 – 3i)n = bi     
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  so 
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 or n = 2(2m+1) or 2(odd 
number) which means n and 3n will both have remainder 2 when divided by 4.

22.  C.  
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23.  B.  (2-i)(1+i)-3x = 7 – 2i;    3 + i – 3x = 7 – 2i;  - 3x = 4 – 3i so |x| = 5/3

24.   C.  First, find c.  By inspection, 1 will work.  So, divide by x-1 to get x2 -2x +2 = 0.  The other two roots 
are 
[image: image113.wmf] 
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25.
  thrown out
26.  B.  Area=
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 EMBED Equation.DSMT4  [image: image115.wmf] 
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  or draw it in the complex plane.  It’s an isosceles right triangle.

27.  B.  Let z = a + bi


z +
[image: image116.wmf] 
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 = 2a  the conjugate of this is also 2a and the Re(2a) = 2a


z - 
[image: image117.wmf] 
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 = 2bi  the conjugate of this is -2bi so Im (-2bi) is -2b.  Now graph all imaginary numbers a+bi meeting the condition that 2a > -2b.  The line will look similar to y = -x and the ones we “like” are “up and to the right”.  So the intervals between 0 and 2π that work are:  
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28.  C.  Let (a, b) be the result of rotating the point (9,8) 120° counterclockwise about (3,5).  Find a + b.


First, translate the picture left 3 and down 5.  Now rotate (6, 3) about (0,0).  Since 
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, I can let (6,3) represent 6 + 3i and multiply by (1, 120°) to keep the 
same magnitude and add 120° to the angle.  So (6+3i)
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which needs to be simplified and shifted right 3 and up 5 giving:  
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so a + b =
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29.  B.   
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means that x can be any of the non-trivial fifth roots of one.  Answer choice B is one of these.

30.  A.   Let the roots of the first be a, b, and c and the roots of the second be a, b, and d.  


a+b+c=  3
ab+bc+ac=-19/4


a+b+d= -7
ab+bd+ad=21/4

So, d-c=-10
so (d-c)(a+b)=10 and a+b =-1


-1 + c = 3    c = 4
ab + (a+b)c = ab + (-1)(4) = -19/4
ab = -3/4


-1 + d = -7  d = -6


abc = (-3/4)(4) = -m/4      m=12
abd = (-3/4)(-6) = 9/2 = -n/4    n = -18    m + n = -6

Tie breaker 1:  This is the same as asking how many lattice points are within the first quadrant and inside a circle with radius 8.  I checked the points near the edge and counted them all up and got 41.  

Tie breaker 2:  Re (3 – 2i)4 = -119-120i so the real part is -119
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