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Abstract

With the appearance of network, especially the rapid development and
popularization of the Internet, the web-based learning became a theme for which
people cared more and more. Besides, relative to the conventional pedagogy, the
inquiry-based teaching revealed its increasingly importance. The network provide
us vast resources, powerful processing tools and convenient communication
environment, which make the web-based inquiry teaching break through the limit of
class-based inquiry teaching. Under the open educational environment, the
web-based inquiry is necessary to us at present.

What is the web-based inquiry teaching? How can we put the inquiry teaching
into practice based on the web resources? How to design web-based inquiry
activities according to the standards? These questions all need to be explained. This
paper discusses the theories of the web-based inquiry teaching, such as the
essentials, the characteristics, the standards and the design of inquiry activity, to
improve our understanding of it.

Then, the paper considers the advantages of carrying on the web-based inquiry
teaching using Virtual Observatory (VO), and the relative technology. In view of the
features of astronomy and the conflict between the traditional astronomy pedagogy
and the student’s cognitive development, we think the web-based inquiry teaching is
a good choice in today’s astronomy education. On the other hand, the concept of
VO is put forward in the near years. The principal goal of VO is to integrate and

utilize the worldwide major astronomical research resources transparently. Though



a great deal of data and images have already existed on the web, VO facilitates the

query and process of data, what benefit the inquiry-based astronomy teaching.
Referring to using VO to carry on inquiry teaching, the paper emphases on

data access and publish , VO service programming and inquiry activity design, and

analyses the effect of VO more via some examples.

Keywords: web-based inquiry teaching; astronomy education; Virtual Observatory;

resources; services; inquiry activity design
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fixed.h
#define Hipobject struct hipobject

Hipobject

{

double vmag;
double ra;
double dec;
double pmra;
double pmdec;
double plx;
double x;
double y;
double alt;
double az;
double lats;

double Ings;
%

Hipobject obj[118218];
int num[118218];

[*fixed.c*/
extern void calmjd();

extern void fix_star();



extern int eq_geodeg();

extern int eq_ecldeg();

[*plot.c*/

extern int projmer();
extern int projait();
extern int plotmer();

extern int plotait();

[*readc.c*/

extern void readhip();

fixed.c
#include <stdio.h>
#include <math.h>
#include "astro.h"

#include "fixed.h"

P UE S M ) B T A s 11/

void calmjd(double *mjdnow,double tzone,int year,int month,int date,int hour,int
minute,double second)

{

double mjdd;

double addepoch;

double day=date+hour/24.0+minute/24.0/60.0+second/24.0/3600.0;

cal_mjd(month,day,year,&mjdd);
addepoch=tzone/24.0;
*mjdnow=mjdd-addepoch;
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void fix_star(mjdnow,op)

double *mjdnow;

Hipobject *op;
{

double Isn,rsn;

double *ra,*dec;

double epoch0=1991.25;

double mjd0/* 2448349.0625 */,mjedd;
year_mjd(epoch0,&mjd0);

ra=&(op->ra);

dec=&(op->dec);

*ra=degrad(*ra);

*dec=degrad(*dec);

I*BATHOE*
*ra+=op->pmra*(*mjdnow-mjd0)/365.25/1000/3600;
*dec+=0p->pmdec*(*mjdnow-mjd0)/365.25/1000/3600;

1*% FEOE*]

precess(mjd0,*mjdnow,ra,dec);

I* FAERL 22 B>
*ra+=op->plx/1000/3600;
*dec+=0p->plx/1000/3600;

[*EEB)BOE*]
nut_eq(*mjdnow,ra,dec);
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AT ZE B
mjedd=*mjdnow+deltat(*mjdnow)/86400.0;
sunpos (mjedd, &Isn, &rsn, 0);

ab_eq(*mjdnow,lsn,ra,dec);

*ra=raddeg(*ra);
*dec=raddeg(*dec);
}

[* given the local observing circumstances, *npp, and an equitorial ra and dec, each in
* degrees, find the corresponding geographical altitude (up+, radians), alt, and
* azimuth (angle round to the east from north+),az,also each in degrees.
*/

int eq_geodeg(Now *npp,double ra,double dec,double *alt,double *az)

{

double Ist;

double ha;

double ta;

I F B 200 P 2 b R B
now_lIst(npp, &Ist);

ra=degrad(ra);

dec=degrad(dec);

I FRIEAERR 2N B AR AR ER e BN I AR ARBR R R AR 2 7R 4

ha=hrrad(lst)-ra;

/I printf("The hour angle and declination : %f %f \n",ha,dec);
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hadec_aa(npp->n_lat,ha,dec,&ta,az);

/I printf("The true altitude and azimuth : %If %lIf \n" ta,*az);

l[E QW1 QISP G S N )2 22 EASEN: I e
refract(npp->n_pressure,npp->n_temp,ta,alt);

/I printf("The apparent altitude and azimuth : %If %lf \n",*alt,*az);

*alt=raddeg(*alt);

*az=raddeg(*az);

return O;

}

/* given the modified Julian date, mj, and an equitorial ra and dec, each in
* degrees, find the corresponding geocentric ecliptic latitude, *Iat, and
* longititude, *Ing, also each in degrees.
* correction for the effect on the angle of the obliquity due to nutation is
* not included.
*/
int eq_ecldeg(double mj,double ra,double dec,double *lats,double *Ings)
{
ra=degrad(ra);
dec=degrad(dec);
eq_ecl (mj, ra, dec, lats, Ings);
*lats=raddeg(*lats);
*Ings=raddeg(*Ings);
return O;
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¥
plot.c

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>
#include "wecslib.h"
#include "cpgplot.h”

#include "fixed.h"

/lprojection

int projmer(double phi,double theta,double *x,double *y)
{

const char pcode[4]="MER";

struct prjprm prj;

prj.r0=0.0;

prj.flag=1;

prjset(pcode, &prj);

prjfwd(phi,theta,&prj,x,y);

return 1,

}

int plotmer(double mj,double raltc,double declgc,double *size,double *vmagmin,double
*vmagmax,int t,char *a,char *b,char *c)

{

double ralt=raltc;

double declg=declgc;

double 1=*size/2;

double xsize=l;
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double ysize=l;
double xmin,xmax,ymin,ymax;
doubler;

inti;

xmin=ralt-xsize/2;
xmax=ralt+xsize/2;
ymin=declg-ysize/2;

ymax=declg+ysize/2;

1l if(cpgbeg(0,"planetl.gif/gif’,1,1)!1=1)
/1 return 0;
if(t==1)
{
if(cpgbeg(0,"planetl.qgif/gif”,1,1)!I=1)
return 0;}
if(t==2)
{
if(cpgbeg(0,"planet2.gif/gif”,1,1)!1=1)
return O;
}
if(t==3)
{
if(cpgbeg(0,"planet3.qgif/gif”,1,1)!=1)
return O;
}
cpgenv(xmin, xmax, ymin, ymax, 1,0);
cpglab(a,b,c);

cpgptl(ralt,declg,12);
79



for(i=0;i<118218;i++)
{
fix_star(&mj,&objl[i]);
if(obj[i].ra>=raltc-xsize&&obij[i].ra<=raltc+xsize&&obij[i].dec>=declgc-ysize&&obij[i].de

c<=declgc+ysize)

{
if(obj[i].vmag>=(*vmagmin)&&obj[i].vmag<=(*vmagmax))
{
cpgsfs(l);
I projmer(obij[i].ra,obj[i].dec,&obj[i].x,&obj[i].y);
r=(1-obj[i].vmag/20)/25;
[*
printf("vmag=%5.2f\n",obj[i].vmag);
printf("ra=%212.8f\n" obj[i].ra);
printf("x=%12.8f\n",0bj[i].x);
printf("dec=%12.8f\n",obj[i].dec);
printf("y=%12.8f\n",0bj[i].y);
printf("num=%6d\n",num[i]);
*/
cpgcirc(obj[i].ra,obj[i].dec,r);
1l sum=sum-+1;
}
}
}
cpgend();
/[ printf("sum=%d",sum);
return 1,
}
readc.c
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#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#include "fixed.h"

void readhip()
{

/[The parameters needed.

FILE *fp;
static char a[5],b[12],c[12],d[8],e[8],f[6].0[7];

inti;

fp=fopen("hip_main.dat","rb");
if(fo==NULL)
printf("Can't read'\n");

printf("Please wait for a moment!\n');
for(i=0;i<118218;i++)

{

fpos_t pos;

fgetpos(fp,&pos);

/* get vmag*/
fseek(fp,i*451+41,1);
fread(a,5,1,fp);
obj[i].vmag=atof(a);

[*get ra*/
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fsetpos(fp,&pos);
fseek(fp,i*451+51,1);
fread(b,12,1,fp);
obj[i].ra=atof(b);

/*get dec*/
fsetpos(fp,&pos);
fseek(fp,i*451+64,1);
fread(c,12,1,fp);
obj[i].dec=atof(c);

[*get parallax™/
fsetpos(fp,&pos);
fseek(fp,i*451+64,1);
fread(g,12,1,fp);
obj[i].pIx=atof(g);

/*get proper motion of ra*/
fsetpos(fp,&pos);
fseek(fp,i*451+87,1);
fread(d,8,1,fp);
obj[i].pmra=atof(d);

/*get proper motion of dec*/
fsetpos(fp,&pos);
fseek(fp,i*451+96,1);
fread(e,8,1,fp);
obj[i].pmdec=atof(e);
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fsetpos(fp,&pos);
fseek(fp,i*451+8,1);
fread(f,6,1,fp);

num[i]=atoi(f);

fsetpos(fp,&pos);
}
fclose(fp);

}

planet.c

[*calcute the planet(sun.moon.and nine planet) position*/

#include "swephexp.h" /* this includes "sweodef.h" */
#include "astro.h"

#include "fixed.h"

#include <string.h>

#include <math.h>

#define equator 1
#define ecliptic 2
#define geography 3

int main(int argc,char *argv[])

{

char snam[40], serr[AS_MAXCH];
int jday,jmon,jyear,jhour,jmin,jsec;
double jtz,jlat,jIng,jpr,jtemp;

double mj,tjd,alt,az, x2[6];
83



int32 iflag;

int p;

int t=1;

double deg[2],sec[2],min[2];
Now npp;

char a[6],b[6],c[50];

inti;

double vmagmin;
double vmagmax;
double size=1200.0;

size=size/60;

swe_set_ephe_path(**/home/gcliu/swisseph/ephe™);

sscanf(argv[1],"%d",&jyear);
sscanf(argv[2],"%d",&jmon);
sscanf(argv[3],"%d",&jday);
sscanf(argv[4],"%d",&jhour);
sscanf(argv[5],"%d",&jmin);
sscanf(argv[6],"%d",&jsec);
sscanf(argv[7],"%If",&jtz);
sscanf(argv[8],"%If",&jlat);
sscanf(argv[9],"%If",&jIng);
sscanf(argv[10],"%If",&jpr);
sscanf(argv[11],"%If",&jtemp);
sscanf(argv[12],"%If",&vmagmin);

sscanf(argv[13],"%If",&vmagmax);
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sscanf(argv[14],"%d",&p);
sscanf(argv[15],"%d",&1);

npp.n_lat=jlat;
npp.n_Ing=jIng;
npp.n_tz=jtz;
npp.n_temp=jtemp;

npp.n_pressure=jpr;

swe_get_planet_name(p, snam);

calmjd(&mj,8.0,2005,1,1,0,0,0);

/I calmjd(&mj,jtz,jyear,jmon,jday,jhour,jmin,jsec);

npp.n_mjd=mj;

tjd=mj+2415020.0;

printf("tjd is:%If\n" tjd);

printf("Local time: %d.%d.%d at %d:%d:%d \n", jyear,jmon,jday,jhour,jmin,jsec);

readhip();
switch(t)
{
case 1:
iflag = SEFLG_EQUATORIAL;strcpy(a,"X(ra)");strcpy(b,"Y (dec)");strcpy(c,"The
position of "); break;
case 2:
iflag=SEFLG_NONUT|SEFLG_NOABERR;
strepy(a,"X(Ing)");strepy(b,"Y (lat)");strcpy(c,"The position of ");
for(i=1;i<118218;i++)
{
eq_ecldeg(mj,obj[i].ra,obj[i].dec,&objli].lats,&obj[i].Ings);
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obj[i].ra=obj[i].Ings;
obj[i].dec=obij[i].lats;
}
break;
case 3:
strepy(a,"X(az)");strcpy(b,"Y (alt)");strcpy(c,"The position of ");
for(i=1;i<118218;i++)

{
eq_geodeg(&npp,obj[i].ra,obj[i].dec,&obj[i].alt,&obj[i].az);
obj[i].ra=obj[i].az;
obj[i].dec=obj[i].alt;

}

break;
}
strcat(c,snam);

swe_calc_ut(tjd, p, iflag, x2, serr);

if(t==3)
{
swe_calc_ut(tjd, p, SEFLG_EQUATORIAL, x2, serr);
eq_geodeg(&npp,x2[0],x2[1],&alt,&az);
x2[0]=az;
x2[1]=alt;

plotmer(mj,x2[0],x2[1],&size,&vmagmin,&vmagmax,t,a,b,c);

if(x2[0]>0)

{
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else

}

if(iflag == SEFLG_EQUATORIAL)
x2[0]=x2[0]/15;
deg[0]=floor(x2[0]);
min[0]=floor((x2[0]-deg[0])*60);
sec[0]=((x2[0]-deg[0])*60-min[0])*60;

x2[0]*=-1;

if(iflag == SEFLG_EQUATORIAL)
x2[0]=x2[0]/15;

deg[0]=Ffloor(x2[0]);
min[0]=floor((x2[0]-deg[0])*60);
sec[0]=((x2[0]-deg[0])*60-min[0])*60;
deg[0]*=-1;

if(x2[1]>0)

{

deg[1]=Ffloor(x2[1]);

min[1]=floor((x2[1]-deg[1])*60);

sec[1]=((x2[1]-deg[1])*60-min[1])*60;
}

else

x2[1]*=-1;
deg[1]=floor(x2[1]);
min[1]=floor((x2[1]-deg[1])*60);
sec[1]=((x2[1]-deg[1])*60-min[1])*60;
deg[1]*=-1;
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switch(t)
{
case 1:
printf("the %s right ascension(in hms) is
%3.01:9%2.0If:%3.1If\n",snam,deg[0],min[0],sec[0]);
printf(“the %s declination(in dms) is
%3.01f:%2.01f:%3.1If\n" ,snam,deg[1],min[1],sec[1]);
printf(“the %s distance(in AU) is :%If\n",snam,x2[2]);
break;
case 2:
printf(“the %s longitude(in dms)
i5%3.01f:%2.01f:%3.11f\n" ,snam,deg[0],min[0],sec[0]);
printf(“the %s latitude(in dms) is%3.01f:%2.01f:%3.11f\n",snam,deg[1],min[1],sec[1]);
printf(“the %s distance(in AU) is :%If\n",snam,x2[2]);
break;
case 3:
printf(“the %s azimuth(in degrees) is :%If\n",snam,x2[0]);
printf(“the %s altitude(in degrees) is :%If\n",snam,x2[1]);
break;
}

return 1;

}

2. HE

eclilpse.c

#include "swephexp.h"
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#include "cpgplot.n"
#include <stdio.h>
#include <string.h>
#include <stdlib.h>

#include <math.h>

#define P1 3.1415926

double julday(int year,int month,int day,double hour)

{
int gregflag;
if(year<1582||(year==1582&&month<10)||(year==1528&&month==10&&day<=4))
gregflag=SE_JUL_CAL,;
else
gregflag=SE_GREG_CAL,;

return swe_julday(year,month,day,hour,gregflag);

void revjul(double tjd,int *year,int *month,int *day,double *hour)
{

int gregflag;

if(tjd>=2299160.5)

gregflag=SE_GREG_CAL,;

else

gregflag=SE_JUL_CAL,;

swe_revjul(tjd,gregflag,year,month,day,hour);

PFEIANSERL KB LB O KIETE, PADRIRIEAR; ral KFHZRE, decl iR
89



i, 202 H G S8, a £IEER ZHIMARE, d &4, 12 KHHENYIR
HEFR TR A >
void BesserZ(double R1,double R2,double ral,double decl,double ra2,double dec2,double
*a,double *d,double *g)
{
double b,c;
b=R2/R1;
*g=sqrt(1+b*b-2*b*cos(decl)*cos(dec2)*cos(ral-ra2)-2*b*sin(decl)*sin(dec?));
*d=asin((sin(decl)-b*sin(dec2)/(*g)));
*a=atan((cos(dec1)*sin(ral)-b*cos(dec2)*sin(ra2))/(cos(decl)*cos(ral)-b*cos(dec2)*cos(r
a2)));
c=*a;
if(c>0)
{
if(sin(c)<0)
c=Pl+c;
}
if(c<0)
{
if(sin(c)>0)
c=Pl+c;
if(sin(c)<0)
Cc=2*Pl+c;
}
*a=c;

printf("a=%f\n",c);

void coneangle(double g,double R1,double *f1)
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*f1=asin(0.0046640181/(g*R1*0.0000426345));

void SMcoortrans(double R1,double R2,double ral,double decl,double ra2,double dec2,double
a,double d,double *xm,double *ym,double *zm,double *xs,double *ys,double *zs)
{
*xs=R1*cos(decl)*sin(ral-a);
*ys=R1*(sin(decl)*cos(d)-cos(decl)*sin(d)*cos(ral-a));
*zs=R1*(sin(dec1)*sin(d)+cos(decl)*cos(d)*cos(ral-a));
FXM=*XS;
*ym=*ys;

*zm=R2*(sin(dec2)*sin(d)+cos(dec2)*cos(d)*cos(ra2-a));

int earthposition(double d,double I,double h,double xs,double ys,double zs,double x,double
y,double z,double *phi,double *theta)
{

double M,p1,p2,A,B,C,D,q,aa,bb,cc,k,phil,F,G/*cos(theta)*/,H/*sin(theta)*/;

double xp,yp,zp,ypp,zpp;

M=0.00669454;/*M=e*e, el2A¢DAAE*/
pl=sqrt(1-M*cos(d)*cos(d));

p2=sqrt(1-M*sin(d)*sin(d));
A=M=*sin(d)*cos(d)/(p1*p2);/*sin(d1-d2)*/ [printf("A%f",A);
B=sqrt(1-M)/(p1*p2);/*cos(d1-d2)*/ [lprintf("B%f",B);
C=sin(d)/p1;/*sin(d1)*/ [Iprintf("C%f",C);
D=sqgrt(1-M)*cos(d)/pl;/*cos(d1)*/ llprintf("D%f",D);
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aa=(X-xs)*(x-xs)+(1.0+A*A/B/B)*(y-ys)*(y-ys)/(p1*pl)+(I-h)*(I-h)/(B*B*p2*p2)+2.0*A
*(I-h)*(y-ys)/(B*B*p1*p2);

bb=2.0*xs*(x-xs)+2.0*(1.0+A/B/B)*ys*(y-ys)+2.0*(I-h)*(zs-1)/(B*B*p2*p2)+2*A*((I-h)
*ys+(zs-1)*(y-ys))/(B*B*p1*p2);
cc=xs*xs+(1.0+A*A/B/B)*ys*ys/(pl*pl)+(zs-1)*(zs-1)/(B*B*p2*p2)+2*A*(zs-1)*ys/(B*
B*pl*p2)-1.0;
1l printf("a=%f\n",a); printf("b=%f\n",b);
printf("c=%M\n",c);
g=bb*bb-4*aa*cc;
1 printf("q=%f\n",q);
if(g<0)
{
/I printf(*Come On! ™),
return O;
}
k=(sqrt(q)-bb)/2/aa;
zp=k*(l-h)+zs-I;
if(zp<0)
{
printf(*There's an error!/n");
return 0;
}
Xp=k*x-k*xs+xs;
yp=k*y-k*ys+ys;
ypp=yp/pl;

Zpp=sqrt(1-Xp*xp-ypp*ypp);
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/I printf("stepl ok!");

phil=asin(ypp*D+zpp*C);
*phi=atan(1.003364*tan(phil));
F=cos(phil);
G=(-ypp*C+zpp*D)/cos(phil);
H=xp/cos(phil);
*theta=asin(H);

if(G<0)

*theta=asin(H)+PI;

return 1,
}
double degrad(double a)
{

return P1*a/180.0;

}

double raddeg(double a)

{

return 180.0*a/PI;

int main(int argc,char *argv[])

{

int year,month,day;
double hour=0;
double jul_day ut,S;

double tret1[10];
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char serrl[AS_MAXCH];
char serr2[AS_MAXCH];
char serr3[AS_MAXCH];

double x1[6],x2[6];

inti,j=0;

AS_BOOL bl;/*the search time:future or past*/

int if=SEFLG_SWIEPH;

int32 iflag=SEFLG_SWIEPH|SEFLG_EQUATORIAL;
double t0,t1,t2,t;

double a,d,g;

double R1,R2,ral,ra2,decl,dec?;
double 1,h,r0,r1;

double f1;

double xs,ys,zs,xm,ym,zm;
double x0[360],y0[360],z;

float x[360],y[360];

double phi,theta,lambda;

char a0[30],b0[30],c0[100];

if(cpgbeg(0,"eclipse.gif/gif”,1,2)!1=1)

return 0O;

cpgenv(-180, 180, -90, 90, 1,2);

strcpy(a0," X (geographic longitude)™);strcpy(b0,"Y (geographic latitude)");strcpy(c0,"The
Place where we can observe Solor Eclipse ");

cpglab(a0,b0,c0);
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swe_set_ephe_path(*'/home/gcliu/swisseph/ephe);
sscanf(argv[1],"%d",&year);
sscanf(argv[2],"%d",&month);
sscanf(argv[3],"%d",&day);
sscanf(argv[4],"%d",&bl);

jul_day_ut=julday(year,month,day,hour);
printf("julday is:%f\n" jul_day_ut);
swe_sol_eclipse_when_glob(jul_day_ut,ifl,0,tret1,bl,serrl);
t0=tret1[2];
t1=tret1[3];
t2=1.0/1440;
for(t=t0;t<tl;t=t+t2)
{
/I printf("t=%f\n" t);printf("t0=%M\n"t0); printf("t1=%Mn" t1);
swe_calc_ut(t, SE_SUN, iflag, x1, serr2);
swe_calc_ut(t, SE_MOON, iflag, x2, serr3);
S=swe_sidtime(t);

S=S*2*P1/24;printf("S=%f\n",S);

ral=degrad(x1[0]);

decl=degrad(x1[1]);

R1=x1[2]/0.0000426345;
printf("R1=%f\n",R1);

ra2=degrad(x2[0]);

dec2=degrad(x2[1]);

R2=x2[2]/0.0000426345;
printf("R2=%f\n",R2);

BesserZ(R1,R2,ral,decl,ra2,dec2,&a,&d,&Q9);
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printf("g=%f\n",q);
coneangle(g,R1,&f1);
printf("'sin(f1)=%f\n" sin(f1));
r0=0.0046524007/0.0000426345;
h=r0*sin(f1);
ri=r0*cos(f1); printf("'r1=%fn",rl);
I=r0/sin(f1);
SMcoortrans(R1,R2,ral,decl,ra2,dec2,a,d,&xm,&ym,&zm,&xs,&ys,&zS);

z=zs-h;
printf(*xs=%mMn" xs);printf("'ys=%M\n",ys);printf("zs=%M\n",zs);printf("zm=%f\n",zm);

printf("1=%f\n" 1); printf("h=%f\n" h);

for(i=0;i<360;i++)

{
XO0[i]=xs+r1*cos(2*P1*i/360);
yO[i]=ys+rl*cos(2*P1*i/360);
if(earthposition(d,l,h,xs,ys,zs,x0[i],y0[i],z,&phi,&theta)==1)
{
lambda=S-a-theta;
xX[j]=raddeg(lambda);
y[i]=raddeg(phi);
JRa
printf(“%f,%f\n" x[i1,y[il);
}
}

printf(*n=%d\n"j);

cpgline(j,x,y);
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J=0;
}

cpgend();
return 1;
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