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Mathematics Learning Base on The Research Project — Research on

Rotational Period of NEA:2011UW158
HPIETE € F XKRXH FEE

(S | S0 MT 2 SRR B o3 A7 , 23 57 BCERASE A, N P8 ST B B i A/ N Sk A
F Matlat BUERRRPEEI TR LERTE . 72 B S Bt AR oo B (7 B o 341 T 1 — (A o
HERRG LRGP 24 ] DUETTIR R AR 28 S, F2EERRHFERT
LT HERRFEREEREE

(BHgET] BRI RIEEE /IMTELE

Abstract; This research of the rotational period of asteroids, basing on the light curves
observed at Purple Mountain Observatory in Nanjing , built a mathematical model by Fourier series
method as well as least square method. Universities research institutes and secondary schools worked
together to build inquiry — learning platform, it supported high school students , optically variable
asteroid observation and analysis. Students” carried out research projects with independent inquiry
learning.

Keywords . mathematical model, Inquiry Learning, Asteroid light changed and analysis
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2. ENEENRAXUEHZERG

FHAEBUATERIRG R , R B2 E YRR BRI E0E 2 A2 5 o] LU AV HE &
AT A R ER R R R — T R ER S 2 i SUANT B L H B L (B ,2014) 72T
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2. LIMTEXREB RS NERBHA

BRI g K 2 T S S B B R L/ INT B R RTRIG R , R KA A/ INT B A e 8 il []
REET 2 - 28 B R/ IMT B[RRSO B R KSR B o T A A (R 22 g 22 B 2 8
Horh—R8/ M T B WGBS HT B SRR AT ER SR R 0 T R AR AR B Tk
FRRFFEE 553 2011UWIS8 /MTE G e i i
EFEIHYMTE(NEA) JEE201LEE10H [
25 BB R B RKRE EgApE |
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FTERESEE R AR, B R/ NRE 1 201 1UW158 /M TERTE L), B R, 5
TRIIR(90% %) , A EAE2015 427 AR EEIBR o, Bff1i 2015 428 A Ri{ESE
LIRS EEHT R RIS , (6 FHEL R i i 2 3t 55 B i /M7 2 ORI IBTH, REE/IMT 2 H
pio Jiiif e

2.2. B S A BA R IR

BRI 7t F AR B T H S R RS E ARFTIRF TR R 221
FHIFEER , TR 2228 2 E2 NIREA/IMT 2 U TR ST 7228 B AR TR RE R T, TEre b
IR, B2 R , B ERV RS 53, — 8 225 BRI R RTR8 . B B i AR5 R Y
RS A ERAEARRE RS HRIE , TH DR B R R R F R

RIAE S8/ M T R IR SEd 2 1, B fAs B A ST/ IMT 2 T B R 0
HDCHRHI B R, 158/ M T 2 B fiR A BT BRI R BEER , B dhiR i OB R
1, FH G/ M T B EE AL E LU

2.2 SEEE A

/TE ﬁ:ﬁ %E;K T S ﬁ 'ﬂaﬁ ;Z[] 'Tﬂ '%ADAE g%._f g a }i igiz E/\J §+ Please enter file format for file 20150802_2011UW158.dat n
The file "20150802_2011UW158.dat’ contains 3 columns.

/ﬁ ﬁ?ﬁﬂzﬁ% []}E ? ff?j{ Eﬂ'j[ l?, I iﬁ ,% E g}'xu §+ ?f% }Eﬂé %ELE giéf :._' Please specify an appropriate attribute for each of the columns in your data ile.

To ignore a certain column select “ignore”.

B, BN R A ARA N IMT R, | e o=
2457237.188002 15.528 0.017
EHBRETERAER TR MR RS | me
2457237.189606 16.077 0.029

Jes e, FHLABREE R MR 78 5 R my AT . | ST R boe

2457237 191210 16.903 0.062

ST, 2 EAIE H R EEAE 2015 £ 8 A | GG Gl b

2457237 192814 17.717 0.110

RIRAE SR B RS ST R BTG S R RIBE R | e (s pose

2457237.194418 17.318 0.100
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FF 308 60 58 1M T S B B 3 (BB M PR RS 0 AT e SR T L BIRSIMTT
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3.1 EEH R

3.1, 1 EEEHEGKEMARBEES Fourier series method and Curve fitting

TEE B HEIER R — R R R R B A I Z FIRY 753 . SR, B E
(AT SE A P B R AR 5% 0 e B — AL B HR B B B (R E RS FOER %) BRI o

R f(x) ZEEEE P FEEARK S, T ] ALLE R 5 AR

. 27Tnx)

» 27rnx
x) = a, a,cos b, sin
S0 = a4 T Caseos 2T 4 i
EIRBRATA] LU BN LL T R G -

fx) = X" e e

TEEE,

0, = 2 1) - cos(PT)
p Xy p

Xo+p
b, = lf ) - sin(2TY) g
p Xy p



%(an —ib,), forn >0

ay, for n =0
B 2 n BIEHE N, BZ 1K B B MR R st 3R . AT, AP BEAS 2 n FOME SRS K P DATE
ASCH, BAMRRIE n BIERR AR 20 , 38 S AR A B 2 T A58 B A1 o
iR & S A R B R B AR , B AR B B B B A B AT REZ IR A — %
SIS IR RE A i R & o B IR DRI A TR o P 2 « Rk e e & AT Rk R 15, 38 Y
RS BURAE PG RN S EARIERT o FEEZE, BAFBE FIRR I dhip e & A & 2t
i
PUF @ BAMIBE S Mat — lab 8RAHRAZEE & HIARAE ARSI -
©® K¥ ReadL.C_T1 REBRAIE RIS AL A G — Y
function [ T,rmse ] = ReadLC_TI1(RFileName,N,DateNum, WS, WE,BU)
fide = fopen(RFileName, ‘1’ )

% Read out the Object name and number and display them
AsteroidNumber = fgetl(fidr)

AsteroidNumber = AsteroidNumber(end — 5:end)
AsteroidName = fgetl(fidr)

AsteroidName = AsteroidName(12:end)

% Read out the Julian Day, brightness and observation error

LC =[]
LC1 =[]
while 1

LineData = fgetl(fidr)

End

® KB julian2greg j¥FH {7 H AR VU

ffunction [ year,month,day,hour,minu,sec,dayweek,dategreg] = julian2greg(JD)
error( nargchk (1,1 ,nargin) )

I = floor(JD +0.5)
Fr = abs(I - (JD +0.5))

dayweek = {‘Sunday’ ‘Monday’ ‘Tuesday’ ‘ Wednesday’ ‘ Thursday’ ‘ Friday’ ‘ Saturday’ |
dayweek = dayweek{nd + 1}
format( ‘long’ ,‘g’)
dategreg = [ year month day hour minu sec ]
end




® K& Fourier_series_N %38 % K1) LS_Fourier J 55 Rk Hifm A HGA

function [ T,omega,sse| = Fourier_series_N(w_s,w_e,bu,datax,datay,n)
w = w_s:bu:w_e
PA =[]

X_2 = zeros(1,length(w))

for m = 1:length(w)
[p,x_2] = LS_Fourier(w(m) ,datax,datay,n)

P_A = [P_A;p’]
X2(m) = x2
end

[sse,u] = min(X_2)

for m = 1:length(1)

x = I(m)

P = [1,cos(omega * x) ,sin( omega * x) ,cos(2 * omega * x) ,sin(2 * omega * x) ,
cos(3 * omega * x) ,sin(3 * omega *x) ,... |

forz =1:2%n+1

sum = sum + P_A(u,z) *P(z)

end

L(m) = sum
sum = 0
end

plot(datax,datay, ‘b =’ , * MarkerSize’ ,12)

3. 1.2 /N TR AR M B 43 558 & Least squares and linear curve fitting

B/ NI K Bl 3 BT it E R AR LR RIARE JT ik o N IR IR RS A
T35, R IR FE iRl D B8] 75 R2 B SR HR B a5 A 21 77 AR o i BB 22 A JE 2 A2 B R HEE
B ALRNTIRE S ERRAER S R/ MU T, T2 I AR BRI E A A B2 (i e
BEZENERE,

BRI 2B E iRl SR ERE . — RN EREEE o R (v, ,
0= 1, m oy, R EEE Yy, RIREE AR HIERf(«,B) , H m AR E R R &

BH BB NSRS RN, A BB E R AR, ANE TR X = Z r;
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B IMERIIRHE J87E ¥ € 25 B A T E B E PR 2 R ZE R o, =y, - f(x,,8)
DT F i Fl Mat — lab 5285/ — 36 0k A I (B R AT 40 (S
® X LS_Fourier FI] FI{EIZEERHETE HPTRAIERE (20, al--- an, bl--- bn) F]Ed
FITS T & B/ N Sk At SR 1 [
function[ A,X2] = LS_Fourier( w,datax,datay,n)

sum = 0

sum_y = 0

sum_1 = zeros(2+*n+1,2%n+1)
sum_y_l = zeros(2#n+1,1)

A = zeros(2*n+1,1)

fori=1:2%n+1
forj=1:2*%n+1
for k =1;length( datax)
x = datax(k)
P =[1,cos(w#x),sin(w#x),cos(2*w#x),sin(2*%ws*x),cos(3*xw=xx),...]
sum = sum +P(i) % P(j)
ifj==2%n+1
sum_y = sum_y + P(i) * datay(k)
end
end
sum_1(i,j) = sum
sum = 0
end
sum_y_1(i,1) = sum_y
sum_y = 0
end

A = sum_1 \sum_y_1

k =1
i=1
sum = 0

sum_y = 0

for k =1 ;length ( datax)

x = datax(k)
P=[1,cos(w#*x),sin(w#*x),cos(2*w*x),sin(2*w*x),cos(3*ws*x),
sin(3%w#*x),...]

fori=1:2%n+1
sum = sum +A(i) *P(1)
end

sum_y = sum_y + (datay(k) —sum)~2
sum = 0




end

X2 = sum_y

clear sum sum_y sum_1 sum_y_1 Pij k
end

ﬁﬂﬁ*ﬁm H-I'.Emn
AT INEGE A R TR, R AR RS O HIEA TR . 2R PLi R fH R 22
EZAAN BB
BAEE R IE R S B B R B2 FE R, R (5E ) Matlab 82 Period Y {E/ S 3t
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TR, L/L—FIEI:@T.@\%Eﬁ/DJJu_[‘éE]/H‘D%
4.1. {EH Matlab HEERHMNAELR

MATLAB R2015a

® | & Editor - T_2011UWi58m < Figure 1 -cEd
e V_ZO“L‘V“‘SB"\ - Fle Edt View lnsert Took Desklop Window Help
®- | if i=100 DSde BN 99RL- 208 e
a7 - break;
o SIS #- |end N=8: Fourler senes fitting curve
- 20150803t o | D=0 . ' -
e 20150802_2011UW158 sav.lcm 0= Datellu(2 3 4 88] Lls 36 0300min and 859-0.49872
[ _Ic_20150803_2011UW158 sav.cm Si— | end 181 * Light curve 7
_ Ic_20150804_2011UW158.5avIcm 2= | if Dateln(i) = 88 * Fourier series fitting curve
_Ilc_20150813_2011UW158.sav.lcm = break; 16 * * 4
Tlc_20150814_2011UW158.5avIcm = | eles o i E *l *
) Asteroids_2011UW158.m ss- Index = find(LE(:,3) = Dateliua(i)): S " X U
BftingCurvam %= | if size(lndex, ) =0 Fu4 ¥ ‘;L i * 9% Qf
LC_2011UW158.6xt - disy(‘There 1 a5 vecord fn Fl1< ox =] A * [t
j ugh!CuMng m ) < | T#
- retarn; £12 | * |
jhtCurving JAU.m 0= |else =] ¥ | b **
A ReadLCm b = | ;L f
60~ DatalC = LC(Index, :); T 1 | T | 4
- DatalC(:, 9)=(DatelC(: 9)-DatalC(1,9) Eo 3 * % o * "1 & *
- xDatalC(:,9) 2 | ,,L | % *
&- sDatalC(:.7) o8 [ \ * | X | >L
6 - [ Thonega,sse | = Fourier_series i e ¥ * | [
o 2060 43 | ’§ J( T T * ’L ;k a‘k A
* /
- & AV 1 X
* ¥ ¥

SAY

% | # ¥
G(I?I;SzBISS“ Wfs BE 04 g \J‘f f %ﬁ g%t

ightCurving ¢ v 0.2
Data . X
0 20 40 60 84] mo 120 Mll 160 180 200
f‘; 006882;00“;6725” Da'e 2015 8_ 4
Jx o
20110138 ResdlE 1 T o
R N=8:Fourier series fitting curve
T T T T T T
T=36.6366min and sse=0.43472
18- # Light curve 4
Fuu_rler series mlh_\g curve
*
16} * *
* e ) 3 " b
| ¥ *f{ *¥ f Jf
g I.Jf!ﬁ & * [ * * -
g | * % * | * i) ¥ |
B2 * T X
= ¥ | T % * X
= |
* *
z 14 P * | | =1
E T ¥ * ‘ x ¥
* #
Sosf ¥ L 4 * Fi
= & | o * x v
= * /
& o6k ﬁ; o . i i W ¥ P -
¥ # A ‘ | \ 4 £ % | ¥* *
i Ix 3 P r ox N or o+
op Ry T wd U A ¥ f # % ¥ ¥
(L el . ‘%k* ¥ F g k% e ¥ # % j}”
’; # “; o % % & \ } %) *:v o X
02 W A * 3 k" - ‘ N w -
0 : | | ! | |
0 20 40 60 80 100 120 140 160 180 200
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4.3. (£ Matlab /N_FREMNFTEER
X?nin = Z (fn _f")
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A. P. f1 G. P. FHEE ] 8
— R 2 i % DU 1 g 54 25 430

R EHEMREE BE

EEEBI(A P.) BIERR, A LAEHEZEHT (A P. ) (U o, B9 HEHE LY
n TS, BURR A

a, =a, + (n-1)d,a, :an_(n—l)d,d:a"_;ll,n:a";a] i1,
n —
n(a, +a,) n(n-1)d
S, =+,Sn = na, +(27).

(o, BEHE,d A, 0 BEHa, FEE,S, FHT 0 HZAL )
Eoa, (FREH a, (ERRIE" H@EEAR " HEBR LT, (i IS EHIE IR E T
B HEE -
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.
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