Salytons — W{ﬁtr/s?r\h\j 2019 AMATYC Student Math League Contest

/. l63800 mwm X  em: in. X | £1. =G5 12t —> 56 .
10 mm. 2.5% e |2 in-

2. PAny set A with w elemets has 2" suLs—t‘\'S) inciudihj itse|f ahd
f\’\\e, Q‘“f-’t'] S‘*’f, or 2“—‘ on‘;er sy\LSd'S. Se M= 2-]=7|5.

Awseg (1,2, 3, 47, the didid pairuise d\freences ace =3 =2, |, 1,3,
So N= 6 Thus MaN=21.

‘L(: 2 $10 Blls are 1$ed ,ﬂch ] o 0
""\\e_ Temq(n.mj 10 cin be rduvnld 0 1 0
in 43 = Ways, as shown. 0 | S

0 0 10

S-"“‘.““\‘f: W1 %20 bill s used, then Hhe Kﬂ\‘l'.ﬁt;‘)J $30 can be vetuvhed
w 143 +5+7=I¢ ways-

F'ma\\’, ;{: o *20 L\“ § "S'U(, -\-‘\en ‘n\‘ SFSO &\ LL Y"—‘kurhed l'h
o 1434644 = 3¢ wes]s.

So he answer 5 F+1C 436 =2+ ¢ ¢4 =56.

l'l'. j:Y\ 'H\Q. ‘F;JMTQ) AD:‘J"“O‘L—Z"{"" - 3/)_) - x((,g"‘”/mﬁ
i-¢. ) ABDA s an lxvumlgd 3-4-5 r{:’\\‘k{ﬂq“ ‘-v/,

49

Rat AEBA isa ﬁa\\“t "\'dcmj\e simlay To

ABDA so :
a5 Ba
40 531 4 =
r = s 20 = 15.



5.

W19 = 3673 i +he ],n'mc ‘fa(‘\'bﬂ"l—ﬁ'h.on.
g 10

Sktece 2 < €73 < 2 Mm =10,

Sin ce

3 ,
6°<2019< 6, N=3..
-ﬁ\us, Mm-N = \0'3 =7.

6. -“-\(, sides have Stl/uareo\ \u-f['\\s as follows:

at= (%—c)"+(8f"r)" =20
b= B-10)"x (87) = 5
= (61 + (%7 ) =25

a+b, 50 Asa rifkl‘ 'Manjle.
e (ejs are al“'ﬁu‘o(u -‘f. Itv\]{"/\ 129 awd 1/?, resr*ihi‘elr
The area & fhe Trianle 15 Fbh = ‘;_'V{O‘/— = &.
Thevefore € the Hhird al trude,witl (cnﬁ\\"w, is construded on Hhe

\\stmuﬂ f l(’hj'H'\ Vis = 5, Hen the area is ani»

reJ

5= B =LsH,
so R=1.
The answer 15 Yhus V20 + V5 +2 = §.7
7.

3 X+ oxxd = (v D) (233 + ax+b).

Cvmrm;\j e coeffiaests of x* on both sides of Phe etumhm yue T—t:

o

| 2+ a
a =-| .

The won-red fools are fhose o fhe 7,uaira1"{c,

_ o —a a5y _~a-Ya*-8b
X,- - j X, = )
t t
whete gum is 4K, = =La = 1)z 1,
(‘n\e j\{reh fat d4c =29 s unhtf«l?c?.)



3

. Yor n= 33'1:5’,.., we have VSYH = 31) 4 or 31, S*"f 751,...
Thue , N=¢ , Sthee € Sis wet the square £ an fn{nzrr.
B\"\\\c Ra‘\';ona\ “M‘\'S —“,\{or"n, as "L"’ "c")trq.[ "A“Are Variol,

the vahiand wets of quf b)c3 +C)L1+ dx + €

ace 16,23 12, £ 1 22 22 3L

»

The produdt o the psihi ones is (“X 15’) ( )

Sim \au\y foc the hcj«‘hve *yes, so the dhswer is (3‘> = 430
15

1. This dart summonrizes ‘“\z{\w o i ces dem‘rmj knijld', knque’sm
with Ty Fy M (Freue, false, Ma\ll,z)

A B. C. D E.
X M Mm T T F XS«\,s"K =M :4his vles ot € and D.
Y T F F M M YSG s X"’N\ \a“"m& ﬂusru‘(scutB
Z F T M

F T ZS‘YS "-E-.,':N\ 'H\\s w\ec 0\;]( Adhﬂl D.

Thus | Yhe corved cheice is E.

0. Loy voo o dhe chack below 4ssumes et the checked (/\s\jml
cocvedty and shews Fhe number of ervors ih the ehher S\Jm[g

where F is thefirst s\jna‘

A. B. D. F.
4 Y I 3 1
It v 3 3 2 (duliate 3's)
\ 3 v oot 3 (dupliate 3%)
3 3 2 v 3 upliecte 3'1)

Each  yow Rxcept $he “’o as XuP( itate numlers of reprs,
o 0“\3 The -"O? oW w\u'\'s Hhe j\nn Rr(remcn‘l‘ and J)Jml A must be corped.



S‘\'ﬁ"'\'\ st upper ﬁ H ‘ALQI each sguare
f 1
\""ﬂ Num i eatin how mQh
PM|SS|L\¢ Wl\l& e avtjr’ h'(’tr -|»)\,d-
i;uarc

T€as uave has a neqkbor n\llj abave ﬁ'
o Yo fhe f\jk\ +hen he "f\b{‘ Yemeach s the
Sane . ;
- If & sguare has  heighbovs bt above 14
and te the f\x\\‘\' +4hen %\c label fs Hhe Suvy
of the AWo Tw 'u‘\'S

The ‘(\'nal IALQI ,|0, is The answer,

2. N\C‘\f\odA . Div\d'\hj c= <<>S‘|—’, We hqve:
CoS 'Z:t = Zcoj‘lt —" = ‘Zcz,_‘
cos tX = 9t Ut~ =7.(‘2c1—|}z-l ,

Govitiruting Tn this way, s clearthat cos 'H: Cos% (osﬂ . have ohly
even ‘,lwers & c, sotI pefliced n‘f 3 s 0.

Method B: et s 8t = a, + 0,005t ¥ a,co’t + a5 cos’t +
Then s  (r-t) = a5 + a,cos (Tt )+ &, s’ (1) 4. agcog*(T-4) +-
(lse Gos(‘lf-"l’) = - Cns‘t'

@(8‘W-8t> a, "a|(35t + a,cos 4 — A3Cs ‘t =

Use 605 (2n1l‘+A) Gs A -
8'&) Qo — Q, Cos".' + a, w’{ - Gy 601’3{ domco

llce Cos (- A)- s A
cos 8t = agy ~aq cast + qiq,g)'-(- - a, Cos 3t +-

CVMPQT;“J -H\}S w]ﬂ s 812 o\(s;ve, Wtyc‘f a, :0) q3: 0, qs :01,,,




13. Methed A \ [ e L\)‘
The Hv\tnﬁ ‘H\t\u"‘) (1, g)jqra"d +r < 3)‘“'7

has g\.Pn -lf/3 )Sg.;" 91"‘“"“ is - Iine K~
\j = Q%X +b
§ = ~¥(7)+b
b= %2 =13

c (_3)2) };

P

The shoe et e seqmet frow L to Fhe 3|i/¢u aide is ?;F;;cu(cr % L

T \‘u slo 3""') dh4 asses 'H\ ou \\ ‘H\Q Center C(‘3’1— T‘\ s
.(\-\' r\es oh r ll;\e e K" WH"\P .eiuf\';m‘: \7 ) u ’

- 3
‘I‘Tr"*l’
3
2= =(-3\+
2 (5)4 b
b:".%
3., 0
K 7: “-X'l"‘_.
The ‘p\’,d' JG l'ha"ﬁriell\\"’n " Eh of L Gnd K can be 'Eun&'-
. 4 El:i -\-ﬂ,
Yo s RN S iy
157 _ 25
2

x = 5Ths = 628 exactly
=2 I - <tl
g = 2(68)+ 4L = 8.9¢ tractly

The distance from C(‘?','l) t E(6.28, 8_‘76) (s
N (6.28+3)* + (8.96-2)" = II.{ axacH],

$ the answey 18 the distance DE=cE-r = IL6~73 =49




I3. Melnd B (e [ -*

The [ine 'L Prough P("l,x) Pual(d to <34~

has slope ~ 3. %\% dhovest [me segmest fiom

L % 4 qwen cicele fs per ndicular to L and
basses 4\««:3\ Phe certey C(-3,1).

-y 8-2 D X
The line PC has CloPe, —= =6 _3 | <
-3 jo T

T viqhit '\'dﬂhg\c bPCE)““\e «nj\e_ e

a Ve P can be found L(rl\XJ' a
Toig identity, where ench tangent
vcrr\scn‘\s a <lo

C(—!,z) ;
?e ' "'Gh( A"B) - tan A""’ﬁhB - 3/5"(‘“{3)
J+4an Atan 8 |+ Y- TV

29 =
——=-=-/'5 = 2% <O 6=+ﬂh'2ﬂ'.
3/1'5 3 7 3

tan & =

Thus,

CE = (C P)(ﬁn@) whare C?ZN/(?"’-)L*W";X‘L :“/Ez

CE = 13¢ s}n( an ! %?-

CE = II-G umj caleulator
DE=CcE -v = 1.6-V32949

i

M or+ b= 20

L = 2019*-a*
b =4V1019*- a*

For a= 23, test whether 12014 - o 18 an fh‘\:QjCY:

On TI-g4¥ : JR6M : TEST
* For (A, l, L0|3)
DI fhat (V(209*-2A*)) =0
: D}s? N
. End
The w’r\e‘.’c s 1155 and 165€ o Phe answer 8 (155 +1¢5¢ = 28]].



5. Method Az Netie that S(Egn!) +( n?) = 2(E;n3).
T\us)Etln 3 is veduydavt . Notice that Efh | awd Egn 2
oce wat Parql(d , Svﬁ«y meet [ a line.

Metad B : T matcix f(r(QS(n'l'a‘h\?n IS -

2 ~é6 8 5|
"8 -8 ¢ =65
S .

I -9 17
Reduce the matax by Gaussian elimpnation (L\j hand
or on a calaulator) and nehies hat exactly one'yow
’Kcame all Q's ,dhd ho Yow became all O {)(({r"' m the
'Fl'“a‘ a(umn.'ﬁ\u;, -H\v. v (,\1 is e vakVSQC\\'on 6“"\«10
r\ahcs Fhat meet m 4 f?'ne,

|€. Suww\d'fy abayt ‘H\‘?' Taxis means § s en evem fun;h’m,So "b [‘H'\"-
coefhidest o an odd PWer of X) must be O. Sthee Max f = I $hen ¢

4N

Tre other wo \',ﬁmcc(,‘ts £ £0)= o+ Y : ’
sabsfy “F

£0)=0—> 0z vt —>x= Ve . o

“\AS, +a“66, = l‘/ﬂ

AN

A\

X
- W/
w A
_ 1€ )
s = )
a = -3/4'
atbtc = A+ 0+ = B/‘f‘-
\7. 3=lh<x=x is cfs and I:] ' v
L, = x"(r( )(20) anJ ’xl(;‘(XSO) IS 5"5 aha( ’l \/ L'.
k = »* is nst )] et
m = \/(x+l) is wit cts ot x=-) e
ho=x/(2H) s wet |:] (thegeugh Violafes Hhe Hortronfal Line Propely) e o
]’ = Sinx s Perioab\'csﬂ\us not I:1 Valuwemw
9 =Hap'x is' s and |l (obsem ﬁ\egwpk) v
r = X/(1x)+1) i cts and [ (QLS"W‘Hﬁng‘») 4



oy
9
s

1)

‘? [+ (n—l)cl] = [00m + d rg,(ﬂ--l)
n=y h=y

loow + 4 AL = 00,4 w504,

s In = ‘Z k-9 = k%z“" = k(2"-1) = Jox3k.

=l n=y

Thus | |00 + $9594 = 1023k
[00Owm = 1023 - 49504

100wy = (3:11-30)k - (2-3%-5" 11} d
loow = 3.1 (31k - 150d)

Stnee 100 syt dvisible L-, 3or | ,*’r\t“"m"l\nud' te divisible l"] 33,

])

19. Let h: distance hilced an level ground l:e{'on turnavsund (in piles)
= » » LT ‘\.lu ! » »
D= e e gl v

Oh ¢ach Sadmw’(‘, time = dji stang ;:SP(Q& )
So B¢ the tme before Tuynarsund we ave L, il_+ b

t 3 6 -
A, the tuvnayound the seqments that weve wphill become Jown\'\i(’)‘md
Ve Vevsa, $o Yhe Fime A‘H’er ‘hkvvwﬂum! (s i—_ + 2_‘_’5_[_ ]
e

. + 3
Tt o was Bhours = (L L)Y
3 & )

Wy 3 %

L U,

S°8"1 7_+:L
16 = L+U+D

and the total miles hiked was Phys 32 mles.



20. Us:&sj a 6x€ geid, recall that fhe totuk on a Pair of faiv dice have Pmkal{uf{‘h'es:
B (2) :\’r(lz):‘/u Pe(3)=Pr [11) = 1/34 ?r(7)‘~' e
A win oceurs oy wll 1 with Prolva{n’:h] Pr(7er )= 35 I’Z “::‘.
Tndle <ase where ol 4 Was o ¥, the prababi Ity was °/2¢. Bllownns Bis, on
sibsequert rolls Phe psible sifcomes ave -
b (1) =32, V(D)= ke, Brlomer)=l-g =<2
Thus, after & Hon vall |, $he chance of an

evVentyual win (s ' ;22
3 [ 2 2773
2 arr, i,
36 3&[34+3c34+ )

3,2
oY dehw\\“j Hhis Ly]) We fave 1>= 36 +3—;'?

3:1’ 3¢
b= 5
S\m‘ﬁr\y,‘(orﬂ\e.wec(: SWQT: ‘%’ %—[%+3—‘—(%+ ’
which leads 1o p = W‘
5

T Ve cnse of 6 , We 15‘7 ()5
B‘j s\]Mme’m], e cases g,ﬁ) and 1Q mafch those of 6 5 and "l-)VQsPe(;h'de\y,
_“\\U, ‘h\% “'D'h‘ Win P‘Q‘ME l'rh, 18-

_l_ + }— .—i 4+ - * i + = 5 .i + = 5 5' 3 "" 9' + _3_ 3
q 3¢ 1T ¥ Jo T3 W T 3 x¥'q
C~—0 L___N e~~~

rll 1= Teorl] oot or 5 or 6 o 8 oo 9 or |0

=2 42(2 2,28 5.8 - 1
‘1+( ‘1+34 o % H) ¥qs

|




