12th Annual Milton Math Tournament
November 20, 2004

Junior Varsity Written Test Solutions

1. D
By the Triangle Inequality Theorem, the sum of sides AB and BC must be greater than 5, the only answer choice that works is 3.
2. C
Squaring both sides simplifies to the equation 16 = (x + 1)2.  So x = 3 (by domain restrictions) and x2 = 9.



3. C
e represents Euler's number

4. B
If 
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5. D
because 2004 is divisible by 4, i2004 = i4 = 1

6. D
(18 β 15) – (15 α 18) = (18 – 15)2 – (152 + 182) = 9 – 549 = -540

7. B
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 can be simplified to 
[image: image5.wmf]2

3

2

1

5

5

2

2

-

+

=

x

x

.  So 
[image: image6.wmf]2

3

2

1

2

2

-

=

+

x

x

 and 
[image: image7.wmf]3

7

-

=

x

.

8. C
Let's list some truth tables
	Contrapositive
	
	Statement
	
	Converse
	
	Inverse

	~q
	~p
	~q→~p
	
	p
	q
	p→q
	
	p
	q
	q→p
	
	~p
	~q
	~p→~q

	T
	T
	T
	
	T
	T
	T
	
	T
	T
	T
	
	T
	T
	T

	T
	F
	F
	
	T
	F
	F
	
	F
	T
	F
	
	T
	F
	F

	F
	T
	T
	
	F
	T
	T
	
	T
	F
	T
	
	F
	T
	T

	F
	F
	T
	
	F
	F
	T
	
	F
	F
	T
	
	F
	F
	T


If the contrapositive is false, then ~q is true (so q is false) and ~p is false so p is true.  Looking at our truth tables, the statement is false, the converse is true, and the inverse is true.
9. E
Area of square = 4, area of outer circle = π, area of inner circle = 
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 π, so the area of the shaded region = 4 – π + 
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10. A
If C + A can make 
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 pages per day, A + X can make 
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 pages per day, and C + X can make 
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 pages per day, then 2C + 2A + 2X can make 
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 pages in 80 days so C + A + X can make 32 pages in 80 days.
11. D  By completing the square we get A = 289 and B = 17, so 
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12. D  
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13. E
Since the Lantukh parents are going to be together, we can establish that they are one object.  All of the other family members are distinct, giving us six other objects to place around the dinner table.  Since there are (n – 1)! ways to arrange n objects around a uniform table, we have (7-1)! = 6! = 720 ways; however, the two parents can be permuted among their two seats, making the 720 ways multiplied, due to them switching seats. Thus, there are 2P2(720) = 2(720) = 1440 ways in total.
14. D
First simplify by rationalizing the denominators to get 
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 and set this equal to x.  So 
[image: image18.wmf].

2

2

3

2

2

3

2

+

-

-

=

x

  Add 
[image: image19.wmf]2

2

3

+

 to both sides and them multiply both sides by 
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.  Looking at the original problem we know the answer must be negative so x = -1.
15. B
All numbers ending in a 4 or 6 will produce an odd tens digit when squared.
16. C
Let J be Jon's age and T be Tyler's age.  Then J + T = 49.  If we subtract x years from each of their ages, we can say that J = 2(T – x), where J – x = T.  Solving these 3 equations we get that J = 28.
17. E
The factors of 28 (not including 28) are 1, 2, 4, 7, and 14 which total to 28.
18. E
You can choose 3 out of the 4 students, 
[image: image27.wmf]4

!

3

!

4

3

4

=

=

C

.  This needs to be multiplied by the probability of each of these 3 needing glasses 
[image: image28.wmf](

)

(

)

125

64

3

5

4

3

8

.

0

=

=

 times the probability of the 4th not needing glasses (0.2) or 
[image: image29.wmf]5

1

.  
[image: image30.wmf]625

256

5

1

125

64

4

=

×

×

.
19. E  
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Now, recalling that the formula for a sum of a geometric series is 
[image: image33.wmf]r

a

S

-

=

1

,

[image: image34.wmf]÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

-

=

÷

ø

ö

ç

è

æ

+

+

+

=

+

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

+

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

+

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

=

+

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

-

+

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

-

+

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

-

=

3

1

1

3

1

2

3

...

27

1

9

1

3

1

2

3

...

3

2

27

1

3

2

9

1

3

2

3

1

...

3

1

1

27

1

3

1

1

9

1

3

1

1

3

1



[image: image35.wmf]4

3

2

1

2

3

=

÷

ø

ö

ç

è

æ

=


20. E
(x – 5)(x + 2) = x2 – 3x – 10 = y + 11.  (x – 7)(x + 3) = x2 – 4x – 21 = y – 3.  (y + 11)(y – 3) = y2 + 8y – 33.
21. E
Since 
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 must equal 1, either x2 – 4 = 0, x2 – 3x – 4 = 1, or x2 – 3x – 4 = -1 and x2 – 4 is even.  For x2 – 4 = 0, x = 2 or -2.  For x2 – 3x – 4 = 1 we get x2 – 3x – 5 = 0 which, based on the discriminant, has 2 real solutions, neither of which is 2 or -2.  So we are up to 4 solutions.  For x2 – 3x – 4 = -1 we get x2 – 3x – 3 = 0.  This also has 2 real solutions, but neither of them would create an even number for x2 – 4, so the total number of solutions is 4.

22. B
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23. B
The radius, 
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.  So the surface area = 4πr2 = 144π.

24. D
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  or converting to base 10 you get 194 + 586 = 780 = 11110 in base 5.

25. B
There are 68 integers that yield a 4-digit number when squared, and there are 217 that yield a 5-digit number when squared.  68 – 217 = -149.
26. D
Circumference = πd = π(1) = π 

27. C
The only way that three terms of an arithmetic sequence and a geometric sequence could relate in this manner would be if the terms are all the same (i.e. the common difference is 0 and the common ratio is 1).  So the only answer that works is C.
28. D
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29. A
The volume of a cylinder is the area of the base times the height, so the volume would be the outer cylinder minus the inner cylinder:  
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30. B
Referring to the diagram below, we know that a + b + c + d + e + f + g = 145 (because 145 students read magazines.  We also know that d + g = 15, e + g = 15, f + g = 25, b + e + f + g = 40,  a + d + e + g = 55, and b + c + d + e + f + g = 115.  Subtracting we get b + c + f = 90 and e + d + g = 25.  Since e + g = 15, d = 10, and since d + g = 15, g = 5 and e = 10.  So a = 30, f = 20, b = 5 and c = 65.


31. C  First, we can change the desired value to have a common denominator 
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.  Then we can think of since we have a quadratic in the form ax2 + bx + c, we know that the sum a + b is equal to 
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32. B   From examining the die faces, there is only one way that Die A can win.  This is when Die A is rolled to be a 9, and Die B is rolled to be a 3.  There is a 
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 chance for each of these criteria are fulfilled.  So, using the multiplication rule of probability, we can say that the probability of Die A winning is 
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33. C   The area of the circle is 36π.  The area of the hexagon is 
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34. A   
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35. A   Let 
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36. E    
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 simplifies down to
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37. C
Converting everything to natural logs yields 
[image: image65.wmf]0

5

ln

3

ln

7

ln

)

23

ln(

ln

ln

=

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

÷

ø

ö

ç

è

æ

+

x

, so 
[image: image66.wmf]0

3

ln

7

ln

)

23

ln(

ln

ln

=

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

÷

ø

ö

ç

è

æ

+

x

.  Exponentiating both sides (making them both powers of e) yields 
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38. B
Let t = the time in hours that the train takes to travel the distance when traveling 36 mph.  Then when traveling 27 mph, the train will take an additional 
[image: image71.wmf]2

1

 hour.  Thus the time will be t + 
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39. C
If half the diagonal is 
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40. A
If we call the original radius r and the original height h, then the volume of the outer cone would be 
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 cubic units.  The 3rd inscribed cone would have a radius equal to 
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