Answers
Mu Alpha Theta Gemini
2006 National Convention Alpha (Pre-Calculus) Division

hrown Out

|_\
K
TOmoOOmM>»O0O0O®@>O0OTOTTA>OMP>PUPO0TP>POWT



Solutions

Mu Alpha Theta Gemini
2006 National Convention Alpha (Pre-Calculus) Division

1) Prob(2 balls different color)= 1-Prob(2 balls same color)= 1—((4/10)(3/9) +(3/10)(2/9) + (2/10)1/9))=7/9 B

2) A parabola, ellipse, & circle all have eccentricities <1. | isa hyperbola, Il is a circle, Il is an ellipse, 1V is a

parabola. 11, Ill, & IV have eccentricities less than or equal to 1. D
0 2n+1 © 2 n 1 0 5n—1 6 © [5}” 6 5/6
3) x= =2 |=| =2———=6, =—>|= =
: Z(; 3" Z;‘[?J 1-2/3 nzb‘“—l 52;' 6) 51-56

4)723, = 7(64)+ 2(8)+3 = 467,,,124, = 25+ 2(5)+ 4 = 39,,, 723, +124; = 506,,,506,, = 622, B

5) g(x)= 2[1—23in2(x)]— 2[3sin(x)—4sin3(x)]+1=85in3 x—4sin?x—6sinx+3=0  Let y=sinx
8y® —4y? —6y+3=(2y—1)(4y2 —3)= 0= y=1/2++3/2 sinx=1/2= x=1/6,57/6;
sinx =+/3/2 = x = 7/3,27/3; —+/3/2 does not contribute any roots z/6+ z/3+ 27/3+57/6 = 27 D

6) a, =2" -1, n=123... Z( ~1)= 22“ 21_ 221 —20=2%-22C

n=1

7) (2/x +1-x2 )5 =(2/x+1)° +(5)2/x+1)* (— X2 )+ .. (the terms after these will not have any constant terms in

them). From the first term, the constant term is 1. Constant term for the second part is —5x?(6)(2/x)* = -120
1-120=-119 A

8) f(x)= (r1f(x=2) Vertical asymptotes at 1) x =—3 and IV)x=1. D

(x+3)x-1)

9) z=-16v2 -16iv/2 = 320is(225°) ¥ = 20is([225° +360° n]/S) = 20is(45°)or 20is(117°) or 20is(189°) or
20is(261°) or 20is(333°); 20is(45°) matches A

10) 1-e* >0=x<0 fis continuous and monotone decreasing. f(0)=0, lim f(x)=0 ftakes on the value at

X—>0

x = 0, but not at infinity Range = [0,1)E
11) A cardioid has the form r = a(1+ cos@) where a is a constant. C

12) There are 7 possibilities: a) a four in the last position and any number other than four in the first two (=8-9),
b) a four in the second position, any number other than four in the first position, and an even number other than
four in the last position (=8-4), c) a four in the first position, any number other than four in the second position,
any even number other than four in the last position (=9-4), d) a four in the last and second positions and any
number other than four in the first position (= 8), e) a four in the last and first positions and any number other
than four in the second position (=9), f) a four in the first two positions and any even number other than four in
the last position (=4), g) all fours (=1). 8-9+8-4+9-4+8+9+4+1=162 A

13) Law of cosines = cos(a + 30) = —1/5= a = cos *(~1/5)-3 sin(cos‘l(— 1/5)- 30)=
= sin(cos‘l(—l/S))cosC%O—cos(cos Y- ]/5))sm 30)= (ZJ_/SX\/_/Z) (1/5)1/2)= (6\/§+1)/10 D
14)1)Y=2,X=i FALSE; IY=3,X=1+i-1-i=0 TRUE; |Il)seel FALSE;

IV) Xis 1, 1+1i,i,0or 0 TRUE; 2 are true B
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-6 -1 -5 x(t -6 -5 -6+t
15) The direction of the line isv = - = ( ) = +1 = D
7] |-3] |10] |y@)| |7 10| |7-2t
16) Positive discriminant:(1+a)’ —4a* >0; 3a+1>0=a>-1/3, —a+1>0=a<1C

17)(1/;—{/;)2 1= Vx-24fxy +y =1=4xy =1 (W—WY = x—ax¥yVh e xy —ax¥ty ¥4y

6%y =617 =6 —ax¥yV 4y ¥ - _aafxy(Vx +y)=-12 1=x+y-12+6=x+y=T7B

1-b O -1
18) det|| 1 2-b -1 ||=-b*+2b*-b=0=b=0orb=1;sum=1C
1 1 -1-b
19) Let @ be the angle opposite the shortest leg. The longest angle bisector bisects the angle opposite the smallest
4 4 4 40
cos(6/2) f1/2(1+cosd) 910 3

leg. & =cos™(4/5). The length of the angle bisector, x, is: x =

a+b+c=17 C

20) V =27(60)=1207 cubic meters after 1 minute. The base is a fixed area of 7r(42)=167z square meters.
h=V/A=1207/167=75 A

21) One path is NNNEEEEEE This is the same as finding the number of distinct combinations of 3 N’s and 6

E’s. (9)/[(6')(3)]=(9-8-7)/(3-2)=84B

22) 2 different combinations: 1) two $10’s and one $5; 2) three $10’s. #1 has 3 different combinations and #2 has
1 combination of bills: 3 3.22 + 1igl =L C
2)10 9 8 10 9 8] 120

23) The first 4 should be known: 1' =1; 2% =4: 3* =27; 4* = 256. The units digit of 5 to any power is 5 and
the units digit of 6 to any power is 6. 7, 8, and 9 have patterns:

units digits for 7: 7' - 7; 72 59, 7° 53; 7" 51, 7° > 7 77 =77 53.1=3
units digits for 8: 8' —»8:8% »>4:8° »>2:8* 56;8 8 88 =8%.8" 56> >6
units digits for 9: 9' »>9: 9% »51: 9* 59;9* »51:9° »9 9°=9%.9° 59.1=9
1+4+74+6+5+6+3+6+9=47>7 C
1+2x% +x* . ) _ ) )
24) f(g(f(x))):x—4=9 8x* —2x*-1=0;y=x> 8y?’-2y-1=0=y=12o0ry=-1/4 y

cannot be negative: X2 =1/2 = x=++/2/2 a=~2/2, b=-+2/2; a? +b? =1 A

25)Weaddrows 1 & 2: —3a+3b=0=a=hb Pluggingintorow 3: a=b=1androwl: c=2;
a+b+c=-A=A=-4; ab+ac+bc=B=>B=5;abc=-C=C=-2 -4+5-2=-1E
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26) a=6+3 6 =90—cos(6/12) = 30 —— =

Area of triangle = 1/ 2(6)(6\/§)= 183
Area of sector = 1/2 (122 Xﬂ/ 6)=12x
Total area:18\/§+127z:>18+3+12=33 C | 12

12

27) A triangle is formed with sides of length 6 miles, 16 miles, and an angle of 60° between. The third side is
d? =62 +16% —2(6)16)cos60° = 36 + 256 — 96 =196 d =+/196 =14 miles D

= 5 The last two digits of the sum are only dependent on the last two digits of

2) 2020‘3”2 _ (2006)(2007)(4013)
=1
the numbers of the product: %(6)(7)(13) =7-13=91 1+9=10B

29) R, (t)=(1/sin(t)+1/tan(t)) ™ =sin(t)/( + cos(t)) = tan(t/2) C

30) The roots to x® —54x + 704 = 0 will be the two values of interest. Using the quadratic equation we attain
X=22 or x=232 Difference =10 D



