
Team Test SolutionsRi
e Mathemati
s Tournament 20001. .6445 rounds to .645 to .65 to .7. Otherwise .6444... rounds to .644. So the smallestnumber is .6445.2. Let 
 =pri
e, p=purity, d =diameter, h=depth of gold mine, ki=
onstant. We are given
 = k1p2d3, p = k2 
2h2 , and d = k3 3p
h. So, 
 = k1k22 
4h4k33
h3 = k4
5 1h . Thus, k4
4 = h,and 
 = k5h 14 . Thus, p varies as h14 .3. The sum of the numbers from 700 to 799 is 799�8002 � 699�7002 = 74950. The sum ofthe numbers from 70 to 79 is 79�802 � 69�702 = 745. So, all numbers that end from70 to 79 (ex
luding those starting with 7, sin
e we 
ounted those from 700 to 799) is745 �9+10(100+ 200 + : : :+ 600 + 800 + 900) = 44705. The sum of all numbers endingin 7 is 9(7+17+27+37+47+57+67+87+97)+9(100+200+: : :+600+800+900) = 38187.So, the total sum of numbers 
ontaining a 7 is 74950 + 44705 + 38186 = 157842.4. 738,826. This 
an be arrived at by stepping down, starting with �nding how many
ombinations are there that begin with a letter other than V or W, and so forth. Theanswer is 8�9!2�2 + 4�7!2 + 4 � 6! + 4 � 4! + 3! + 2! + 2! = 738826.5. 0 = 
os (�+ �) + sin (�� �) = 
os� � 
os � � sin� � sin� + sin� � 
os � � sin� 
os� =(
os� + sin�)�(
os � � sin�). So 
os�+sin� = 0 or 
os ��sin � = 0. Then tan� = �1or tan� = 1. Sin
e tan � is given as 12000 , tan� =�1.6. Sin
e �3 � � � 1 = 0, then �10 = �8 + �7. So, we 
an redu
e our expression to3�8 � 3�6 � 3�5 + 4�4 + 2�3 � 4�2 � 6� � 17. Also, 3�8 � 3�6 � 3�5 = 0, so ourexpression redu
es to 4�4 + 2�3 � 4�2 � 6� � 17. Also, 4�4 � 4�2 � 4�0, so ourexpression redu
es to 2�3� 2�� 17. Now, 2�3� 2�� 2 = 0, so our expression redu
esto -15, whi
h is our answer.7. Another 4-digit number that satis�es this property is 9801, sin
e 9801=9*1089.8. If she has a silver dollar, then she would have too many other 
oins, as 0 half dollars,2 quarters, 3 dimes, et
. would be greater than the total. So she has no silver dollars,and at least one of every other denomination. Continuing, it turns out the only feasiblesolution is 0 silver dollars, 1 half dollar, 2 quarters, 3 dimes, 4 ni
kels, 8 pennies, for atotal of 18 
oins.9. It suÆ
es to 
onsider x � 1, sin
e 4(�x)4+1 = 4(x)4+1, and 4(0)+1 = 1 is not prime.So, 4x4+1 = (4x4 + 4x2 + 1)�4x2 = (2x2 + 1)2�(2x)2 = (2x2 + 1� 2x)(2x2 + 1 + 2x).For integers x, both 2x2 � 2x+ 1 and 2x2 + 2x+ 1 are integers, so this fa
tors 4x4 + 1unless 2x2 � 2x+ 1 = �1 or 2x2 + 2x+ 1 = �1. Sin
e x > 0, then 2x2 + 2x+ 1 > 1, sowe must have 2x2�2x+1 = �1. 2x2�2x+1 = �1 is absurd (4x4+1; 2x2+2x+1 > 0,so 2x2 � 2x + 1 = 4x4+12x2+2x+1 > 0), so we solve 2x2 � 2x + 1 = 1, or 2x2 � 2x = 0, sox(x� 1) = 0, and x = 0 or x = 1. We have already reje
ted x = 0, so the only 
ase leftis x = 1, or 4(1)4 + 1 = 5.10. The se
ond hand 
rosses the minute hand 59 times an hour. The se
ond hand 
rosses thehour hand 60 times an hour, ex
ept for 2 of the hours, due to the movement of the hourhand. The minute hand and the hour hand 
ross 22 times total, be
ause the hour hand




ompletes 2 rotations in a day, and the minute hand 
ompletes 24. The se
ond, hour,and minute hand all 
oin
ide only at noon and midnight, but we've 
ounted ea
h ofthese 12:00's 3 times instead of on
e. Therefore, the answer is 59�60+60�24�2+22�2�2,giving us 2872 
rossings.11. f(x) is either 0 or something of the form �xm, where m � 0.12. A's position is (a� Vat; 0) and P 's position is (0; b� Vbt). So, at time t, the distan
ebetween them is q(a� Vat)2 + (b� Vbt)2. Noti
e that this distan
e is the same as thedistan
e between the point (a; b) and the line (Vat; Vbt), whi
h is the same as the lineVbx� Vay = 0. The distan
e from a line Ax + By + C = 0 and (x0; y0) is jAx0+By0+CjpA2+B2 ,so the answer is jbVa�aVbjpV 2a+V 2b13. Given any 4 verti
es, there is exa
tly one interse
tion of all the diagonals 
onne
tingthem. So, the answer is �n4�.14. x0 if n � 0 (mod 4),1+x01�x0 if n � 1 (mod 4), � 1x0 if n � 2 (mod 4), x0�1x0+1 if n � 3 (mod4).15. Consider a regular n-gon with radius r. Let x be the side length of the n-gon. So,sin
e the 
entral angle is 2�n (see diagram below), use the Law of Cosines to �nd thatx2 = r2 + r2 � 2r � r 
os 2�n , so x2 = 2r2(1� 
os 2�n ). Thus, x = rp2q1� 
os 2�n .So, the total perimeter of the n-gon is nx = nrp2q1� 
os 2�n . Now, if we takelimn!1 of the perimeter, the result will be 2�n, sin
e the n-gon approa
hes a 
irle,so limn!1 nrp2q1� 
os 2�n = 2�r, and so limn!1 nrq1� 
os 2�n = �rp2.
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