Alpha ciphering solutions nationals 2023

0. (0032 X +5sin? x)(0032 X —sin? x) = (cos® x—sin? x) = COS 2X —> 27” =7

1. You could set up a system of equations and solve for the explicit rule but it is faster to know
that the differences of the differences of the differences are the same in a cubic sequence.
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6+24=30—>62+30=92 >126+92 =218

4x* +9y° —16x +90y +205=0 — 4(X* —4x+4)+9(y* +10y +25) = —205+16 + 225
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X? +18x+30 = 24x* +18x+45 —» y = x* +18x + 45
(y-15)" =4y > y? —34y+225=0— y=9,25

3 9= x? 118X +45 —» X2 +18X + 36 = 0 —> extraneous

25 = x2 +18X + 45 —> X% +18X+20 = 0 — < = 20
a

4. Treat the 4000’s and 6000’s different than the 5000's since they lead with an even and 5000’s don’t

2080704 +1e8e75=448+280=728
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5. rewrite: x?%% —(X—E] =0.The x® % terms will cancel so we need the next two after that to use
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3Xx+b=x*-4x+6—> X" -7x+6-b=0—->D=0=49-4(6-b)
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9. Draw yourself a picture and set up similar triangles. Call the side of the square x.
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2log,(x+1)+3log,(x—3) =log, 12
11. log,(x+1)+3log,(x—-3) =log, 12
x?—2x-3=12—(x-5)(x+3)=0—>x=5
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Is it too easy?
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