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EIKEMHEEEL-2017 CSTA K-12 Computer Science Standards

Framework

Concepts
1. Computing Systems
2. Networks and the Internet
3. Data and Analysis
4. Algorithms and Programming
5. Impacts of Computing

Practices
1.

Fostering an Inclusive Computing
Culture

Collaborating Around Computing
Recognizing and Defining
Computational Problems

n

Developing and Using Abstractions
Creating Computational Artifacts

6. Testing and Refining Computational

Artifacts
Communicating About Computing



FIKEMHE#EEL-2017 CSTA K-12 Computer Science Standards
Level 1A: Grades K-2 (Ages 5-7)

Computing Systems

1A-CS-01  Select and operate appropriate software to perform a variety of tasks, and recognize that Devices 1.1
users have different needs and preferences for the technology they use.

People use computing devices to perform a variety of tasks accurately and quickly. Students should be able to
select the appropriate app/program to use for tasks they are required to complete. For example, if students
are asked to draw a picture, they should be able to open and use a drawing app/program to complete this
task, or if they are asked to create a presentation, they should be able to open and use presentation software.
In addition, with teacher guidance, students should compare and discuss preferences for software with the
same primary functionality. Students could compare different web browsers or word processing, presentation,
or drawing programs.

1A-CS-02 | Use appropriate terminology in identifying and describing the function of common physical = Hardware & 72
components of computing systems (hardware). Software

A computing system is composed of hardware and software.Hardware consists of physical
components.Students should be able to identify and describe the function of external hardware, such as
desktop computers, laptop computers, tablet devices, monitors, keyboards, mice, and printers.

1A-CS-03  Describe basic hardware and software problems using accurate terminology. Troubleshooting | 6.2,7.2

Problems with computing systems have different causes. Students at this level do not need to understand
those causes, but they should be able to communicate a problem with accurate terminology (e.g., when an
app or program is not working as expected, a device will not turn on, the sound does not work, etc.). Ideally,
students would be able to use simple troubleshooting strategies, including turning a device off and on to
reboot it, closing and reopening an app, turning on speakers, or plugging in headphones. These are,
however, not specified in the standard, because these problems may not occur.




FIKEMHE#EEL-2017 CSTA K-12 Computer Science Standards

Data and Analysis

1A-DA-05  Store, copy, search, retrieve, modify, and delete information using a computing device and  Storage 4.2
define the information stored as data.

All information stored and processed by a computing device is referred to as data. Data can be images, text

documents, audio files, software programs or apps, video files, etc. As students use software to complete

tasks on a computing device, they will be manipulating data.

1A-DA-06 | Collect and present the same data in_various visual formats. Collection 7.1,44

The collection and use of data about the world around them is a routine part of life and influences how people Visualization &
live. Students could collect data on the weather, such as sunny days versus rainy days, the temperature at the | Transformation
beginning of the school day and end of the school day, or the inches of rain over the course of a storm.
Students could count the number of pieces of each color of candy in a bag of candy, such as Skittles or
Mé&Ms. Students could create surveys of things that interest them, such as favorite foods, pets, or TV shows,
and collect answers to their surveys from their peers and others. The data collected could then be organized
into two or more visualizations, such as a bar graph, pie chart, or pictograph.

1A-DA-07 | Identify and describe patterns in data visualizations, such as charts or graphs, to make Inference & 4.1
predictions. Models

Data can be used to make inferences or predictions about the world. Students could analyze a graph or pie
chart of the colors in a bag of candy or the averages for colors in multiple bags of candy, identify the patterns
for which colors are most and least represented, and then make a prediction as to which colors will have most
and least in a new bag of candy. Students could analyze graphs of temperatures taken at the beginning of the
school day and end of the school day, identify the patterns of when temperatures rise and fall, and predict if
they think the temperature will rise or fall at a particular time of the day, based on the pattern observed.




FIKEMHE#EEL-2017 CSTA K-12 Computer Science Standards

Algorithms and Programming
1A-AP-08  Model daily processes by creating and following algorithms (sets of step-by K%Eﬁg@g)ﬁ \ ;,b\ \\&

instructions) to complete tasks. ’fEI H%?Z:;:/u &R&AE/\%

Composition is the combination of smaller tasks into more complex tasks. Students could ¢
algerithms for making simple foods, brushing their teeth, getting ready for school, particip Iglﬂj_‘]% \\\S

time.

1A-AP-09 | Model the way programs store and manipulate data by using numbers or other symbols to | Variables 4.4
represent information.

Information in the real world can be represented in computer programs. Students could use thumbs up/down
as representations of yes/no, use arrows when writing algorithms to represent direction, or encode and
decode words using numbers, pictographs, or other symbols to represent letters or words.

1A-AP-10 | Develop programs with sequences and simple loops, to express ideas or address a Control 5.2
problem.

Programming is used as a tool to create products that reflect a wide range of interests. Control structures
specify the order in which instructions are executed within a program.

Sequences are the order of instructions in a program. For example, if dialogue is not sequenced correctly
when programming a simple animated story, the story will not make sense. If the commands to program a
robot are not in the correct order, the robot will not complete the task desired.

Loops allow for the repetition of a sequence of code multiple times. For example, in a program to show the
life cycle of a butterfly, a loop could be combined with move commands to allow continual but controlled

movement of the character.

1A-AP-11 | Decompose (break down) the steps needed to solve a problem into a precise sequence of Modularity 3.2
instructions.

Decompaosition is the act of breaking down tasks into simpler tasks. Students could break down the steps
needed to make a peanut butter and jelly sandwich, to brush their teeth, to draw a shape, to move a character

across the screen, or to solve a level of a coding app.
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B Languages, machines, and
computation

B Data and representation

B Communication and coordination

B Abstraction and design

B The wider context of computing
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TERERF
B Computational thinking
B Abstraction
B Modelling
B Decomposing
B Generalizing and classifying
B Programming
B Designing and writing programs
B Abstraction mechanisms
B Debugging, testing, and reasoning
about programs
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Country
Australia
England
Estonia
Finland

EENHBEESR-T

SERE-Z

What?
Digital Technologies
Computing
Programming (Technology & innovation)
Programming (Digital competence)

71\

New Zealand Programming and Computer Science

Norway

South I(oreal

Poland
USA

Programming

Programming and Digital Competence

Informatics

Computer Science
Computer Science

\
:m

DAY

4

How?

Own subject and integrated
Replace existing subject

Integrated
Integrated
Own subject
Own subject
Integrated
Own subject
Own subject
Own subject

| 5 AT S PR R A D B

Primary

Compulsory
Compulsory
Compulsory
Compulsory

Compulsory
Compulsory
Compulsory

Secondary
Compulsory

Compulsory
Elective
Elective
Elective
Elective
Compulsory
Elective

Heintz, F, Mannila, L., & Farnqvist, T. (2016, October). A review of models for introducing computational thinking, comput
er science and computing in K-12 education. In 2076 IEEE Frontiers in Education conference (FIE) (pp. 1-9). IEEE
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2B (CSTA, 2017) ##%1 (DOEE, 2013) | M (ACARA, 2015)
q:—l—_-_jlﬁlﬁ‘(&(] 3-1 5@) Level 1A: Grades K-2 (Age 5-7) Key Stage 1 (Age 5-7) Foundation-Year 2 (Age 4-7)
_E%&(] 6@) Level 1B: Grades 3-5 (Age 8-11) Key Stage 2 (Age 7-11) Year 3-4 (Age 7-9)
Level 2: Grades 6-8 (Age 11-14) Key Stage 3 (Age 11-14)  Year 5-6 (Age 9-11)
Level 3A: Grades 9-10 (Age 14-16) Key Stage 4 (Age 14-16)  Year 7-8 (Age 11-13)

Level 3B: Grades 11-12 (Age 16-18) Year 9-10 (Age 13-15)
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tE4R (135%) Level 1A: Grades K-2 (Age 5-7) Key Stage 1 (Age 5-7) Foundation-Year 2 (Age 4-

VB AR AN S » Model daily processes by creating and * Understand what 7)

- IR RRAT following algorithms (sets of step-by-step algorithms are; how « Follow, describe and

- AR « instructions) to complete tasks. they are represent a sequence of

#’z‘tE’EZ%ZME%U I+ Model the way programs store and implemented as steps and decisions

Ae M EF manipulate data by using numbers or other programs on digital (algorithms) needed to

%ﬁ’f%1b?iﬁ§§§ symbols to represent information. devices; and that solve simple problems

- BEREEELAE + Develop programs with sequences and simple programs execute  Year 3-4 (Age 7-9)

- EEAEE loops, to express ideas or address a problem. by following + Define simple problems,
Decompose (break down) the steps needed precise and and describe and follow
to solve a problem into a precise sequence of unambiguous a sequence of steps and
instructions. instructions decisions (algorithms)

» Develop plans that describe a program’s » Create and debug needed to solve them
sequence of events, goals, and expected simple programs * Implement simple digital
outcomes. Use logical solutions as visual

* Give attribution when using the ideas and reasoning to programs with
creations of others while developing predict the algorithms involving
programs. behaviour of simple branching (decisions)

« Debug (identify and fix) errors in an algorithm programs and user input

or program that includes sequences and
simple loops.
» Using correct terminology, descrlbe steps

I D Y A B D T T P R T
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Precise and unambiguous
Instructions?




Precise and unambiguous

Instructions?

Right Hand spread butter fast
Write a set of instructions to
Must program the robot to make a Left Hand scoop tub repeat
jam sandwich
Pick up packet bread hard
Press down knife slice soft
Learn from your own and g I - ]
S h ou |d others mistakes (bugs) and cut ade plate orwar
correct them Put down handle turn back
hold jam top put
Wnte a f‘u"y wc?rklng set of unscrew jar bottom Table
Cou |d instructions with no bugs
remove lid slow Surface

https://code-it.co.uk/unplugged/jamsandwich



https://code-it.co.uk/unplugged/jamsandwich

Precise and unambiguous

Instructions?

Right Hand put down bread handle tub bottom hard
Left Hand hald slice jam plate slow soft
pick up unscrew knife jar packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top
Right Hand put down bread handle tub bottom hard
Left Hand hold slice jam plate slow soft
pick up unscrew knife jar packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top
Right Hand put down bread handle tub bottom hard
Left Hand hold slice jam plate slow soft
pick up unscrew knife jar packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top
Right Hand put down bread handle tub bottem hard
Left Hand hold slice jam plate slow soft
pick up unscrew knife jar packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top
Right Hand put down bread handle tub bottom hard
Left Hand hold slice jam plate slowr soft
pick up unscrew knife jar packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top
Right Hand put down bread handle tub bottom hard
Left Hand hold slice jam plate slow soft
pick up unscrew knife jar packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top

put down tub battom hard
plate slow soft
packet fast forward
press down remove blade lid put repeat back
cut spread scoop butter turn top

Always start from either right or left hand

Join the words you want to use with a line

https://code-it.co.uk/unplugged/jamsandwich



https://code-it.co.uk/unplugged/jamsandwich

A
Create and debug simple programs Use logical

reasoning to predict the behaviour of simple
programs?

IETUERET

int main (wvoid){
int i,j,k;
for(i= )

i
for(j= )

i
for (k= )

1

cout <<

1
i i
1

i
cout << endl;
1
}

1
}
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COMPUTATIONAL THINKING

DECOMPOSITION PATTERN
o RECOGNITION
Anaiy ur 3

io somzthiz
ALGORITHM
DESIGN

3 Jace = S
Y alve = float(value

gt ot = 4
wemgstring = tempString.replace(

.

N pialee *
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Camegie Mellon University i
when she first coined the a8 WA
term ‘Computational

Thinking’.

G
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(Grover & Pea, 2013)

ERRIR '
Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35.

Grover, S., & Pea, R. (2013). Computational Thinking in K-12: A Review of the State of the Field. Educational Researc
her, 42(1), 38-43.
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He usesa “perfect balance of colour and
composition rendering an abstract form of
the mountain to capture its essence.”

Katsushika Hokusai, “South Wind, Clear Sky (Gaif* kaisei) or
“Red Fuji," a color woodblock print, Japan,
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Fault: Clara not only wants money but also fame.

Yo U |

Correct: Clara wants not only money but also fame.

i

Correct: Clara not only wants money but also wants fame.
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Frozen: Mass & Temp.
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cot
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sin
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-2 -1 0.5 cos  ve
0.5 /

ENaEY

— e sin x = cos (90°- x)
\ cos x = sin (90°- x)
RN tan x = sin x / cos x

http://www.businessinsider.com/scie

ntists-can-now-see-indivi

dual-atoms

-2012-9


http://www.businessinsider.com/scientists-can-now-see-individual-atoms-2012-9

B HEEEPROMRE

(b)

(a)

The London Underground Map (a) the 1928 map and (b) the 1933 map by Har

ry Beck.

In 1928, the map was essentially an
overlay of the underground system
onto a conventional geographical
map of London. It showed the
curves of the train lines and of the
River Thames, and the relative
distances between the stations. In
1931, Beck produced the first
abstract, schematic representation,
simplifying the curves to just
horizontal, vertical and diagonal
lines and where the distances
between stations were no longer
proportional to the geographical
distances.
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B 53T —AR1E(Pattern generalization)

- ELHEBEmEL - RA - JRAIEGER
e AR
l_'f ml \ l def koch(t, order, size):

if order == 0: EAGE

] t.forward(size)
2]
14‘ = 'l l . else:
/ er-1, size

chit, ori
t.left(60)

koch(t, order-1, size/3)
t.right(120) 3 3
koch(t, order-1, size/3) B i
t.left(60)
koch(t, order-1, size/3)
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X=X+2;
X=X+4:
X=X+6;
X=X+8;
Xx=x+10;
KA UHAIESHWHE N Ex=x+2*i - IEEOERELEIESHAEE
for (i=1;i<=5;i++)
X=X+2%*;

i



B &Y (Pattern recognition)
— EERDERZEEI - BRI

— http://www.nickjr.com/dora-the-explorer/games/
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http://www.nickjr.com/dora-the-explorer/games/

B 50 H#E (Pattern recognition)
— http://games.thinkingmyself.com/

Thinking Myself
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B 50 H#E (Pattern recognition)
Caterpillar patterns

Select the colour of the white part of the rainbew caterpillar with the
colour that matches the pattern from the drop down list.

Select the right number of dots to CDI'HPIE‘I‘E the pattern on these spotty
caterpillars frem the drop down list.

WPPRQ

@“@'.‘

Caterpillar patterns: Solution

The end segment should be a purple colour to match the rainbow pattern.
Violet comes next. Every wondered why we split the rainbow in to 7
colours? You can split it in to any number (we used &). It was Isaac Newton
who chose 7: because the Ancient Greeks thought 7 was a ‘magic’ number
found in nature. Newton was interested in magic and thought the Greeks
were right so he gave the rainbow 7 colours, splitting purple in two.

D (208

These caterpillar’s spots have patterns of counting in 13, counting in 2's and
counting in 3s.




B 50 H#E (Pattern recognition)
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B 50 H#E (Pattern recognition)
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Pseudocode Pattern Puzzle 1

Woerk out the patfern and complete the pseudocods by replacing ?, 77
and 7?7 with different expressions (numbers, variables or calculations).

For example, for the sequence

£ 8 10 12. 18 Piz 6
n =7
i=~=0

while [(n <= %)
begin
print{n + ™ M)
n=mn+ ??7?
i=1=1

end

?7is 2

B 50 H#E (Pattern recognition)

???is 16

Create a dry run / trace table and then write a program fragment in your
favourite language to check your answer before looking at the solufions.

1246
2) 36 3
3135
4) 21 28
567
001

8

= s T A
o
o

10) 8 16

g 10

1z .

T8 .

33 .

- 20

33

95

63

M=

M=

=

i

M=

M=

M=

M=

M=

M=

M=

777 =

M7=

M=

M7=

177 =

M=

M7=

M=

277 =



m Y (Pattern recognition)

1) 2 46
Pseudocode Pattern Puzzle 1: Solutions
2) 369
n = 2
i =0 3 135
while (n <= ?°%?) 4) 21 28
begin 5 5 6 7
print(n + “ %) 6 001
n=n+ ?22?°?
, 7) 5 6 8
i =141
end 8 335
9 12 4
10) 8 16

8 10 .. 20

?_
12 .. 33

?_
79 .. 99

?_
35 .. 63

?_
8 9 .. 10

?:
36 10 .. 21

7=
11 15 .. 26

7=
9 15 23 .. 33

7=
8 16 .. 64

?_
32 .. 128

?_

7?7 =

7?7 =

7?7 =

77 =

27 =

7=

7?7 =

77 =

77 =

77 =

(i+1)

@)

77 =

77 =

77 =

777 =

777 =

2777 =

77 =

277 =

777 =

777 =

20

33

99

63

21

26

33

64

128



m Y (Pattern recognition)
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B ESHMRIE

[es] e % O {18 (B B s R A IR

EEH> A B
BEGCD

*Base Case :

if (Amod B) == 0 = return B;
*General Case :

otherwise = return GCD( B, Amod B)

KR AIl—f%{b(pattern generalization)

1z GCD{21, 56) g1 GCD(56, 21)
1 123 322 . ® B W i E GCD{56, 21%56 = Z1) i GCD(2L, 56%21 = 14)
75| 246 | mm T emxi A v
Tl + 227 GCD(36, 21) #2% GOD(21, 14)
27 48 L b E GCD{21, 56%21 = 14) i GCD{21, 21%14 =7)
v v
3 21 2711 #3% GCD(21, 14) #3x  GCDA4,7)
18 21 i GCDI21, 21%14 =T) E 14%7=0
3 2 v
- 4z GCD(14,7) 4k return’
tlas7-0
\
5% return/
Ay o e
R Wiask A Al (pattern recognition)

int GCD(>nt A, int B)
{
if( (A % B)==0)
return B;
else

return GCD(B, A%B); |

R R A5 <
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m EEEEAT(Decomposition)
- KER - 2R~ BB ~ S 5 HRAVE

— http://games.thinkingmyself.com/
Thinking Myself
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http://games.thinkingmyself.com/

m BEEEAT(Decomposition)
— Divide-and-conquer algorithm

divide

divide

divide

solve
conquer R

These numbers indicate
the order in which

steps are prncessed\—_\ﬁll

10

82|10

12

82

13! \

38

combine

combine

combine

82
/15
82

16

10|82

19

43 | 82
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["’”"" "°°'”"] P EE ) ) ) (e (open

I menu menu menu
Acﬁviy121 Process 2.1.1

I l
Activity 122 ] Process 2.1.2 New Open Save

i
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B EiklF/~(Data representation)
- ABECHER  XFHBERSRELEBEES

Binary searc h treﬂ\ieps: 0

,
!
.
!
!
.
e @ @ @ @ @@ @ T
N

Sorted array steps: 0

0000000000000

WwWw.penjee.com

=i}




B EiklF/~(Data representation)




m EiFR(Data representation) NN
LGSy ESan G
SR R 77 )




B EiklF/~(Data representation)

O H B B O »

= = O O = W

O = O O = N

O e ==

o O =B O m

= Eigenvector Centrality

Let Z; denote the score of the ith node. Let A; ,; be the adjacency matrix of the network. Hence A"w' = 1lif the ith
node is adjacent to the jth node. and A‘-,j = Qotherwise. More generally, the entries in A can be real numbers

representing connection strengths, as in a stochastic matrix.
For the £k node, let the centrality score be proportional to the sum of the scores of all nodes which are connected to

it. Hence
1 L
T=3 Y %= ) AT
JEM(3) i=1
where M(2)is the set of nodes that are connected to the jthnode, N is the total number of nodes and ) is a

constant.
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B EEER 4 (Algorithmic thinking)
— EXERETUARE BN ST

A 2

Father gnaws the tree Mother hauls the tree Little beavers gnaw all
branches
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B Z1(Modelling)
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B Z1E(Modelling)

nucleus




B Z1E(Modelling)
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EESNE - BEFTEREFFTHRMBFS A (formalism) - FZRKIER
D {ERY(informal) B 8RB E R EYERBEAHZREZER (model)

AV ENEEAN T EEEMRBZR R CEERAMBNENNEZT X -
EEZREZW LER - JUENFM s KEmEMAIEE -
EEZERSEYNEILE - oJUENERERESR - BEVARSEBEMREN
RIGERBAGER BRI ERY -

BEVWAESREMREFLEE - WeEMREEIDTRYRON -
AEMREAH@E L AN AR L @Al -

Kramer, J. (2007). Is abstraction the key to computing?. Communications of the ACM, 50(4), 36-42.
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BIERIE

BR=
AR R B A | AR AR A

1.1.imlpythonﬂaztﬁi£EE
1.Z.i!i!Colabﬂ-:#?i‘l!§Il
1.3.5f1# Colab

2LEARR

22 B ERH l
23.BARBEEH :
z.@ﬁﬂlﬁﬂﬁm?élﬂi
2588 R L

3.LIBERE K
3.2. ¥ =K({E

3.3.K{H%E



HH=
B RE R R R

1.1.3#mhon#ﬁ&i£ﬁ§

1.2.351!@1&#3?5&!!&1&

1.3.5f1# Colab

2LEANEH

22 B LR
23.BEBERN :
2-4&1&!&&9&?;&&2
25 WRHRRL l

!

3L IBRHE
3.2. ¥ BKIE
33.K{EIRE

SR=. BEREZLIHRED
3.1 BEREE

IRIERIRERAN, HEREESERIFEEEY, mitEHE
HsklearnE{F#IK-means R EMAMSSL2 T EEE, EXNMmH
W,
¥ {0 KMeans BORGENISRES
:"“EMHH N [ Iasems : smamsas EERRTRE -

import pandas as pc
df = pd.read_csv('data.csv', encoding='BIGS5')

¢ Kmeans MRLZSWLE
cluster import KMeans

import matplotlib L 1

student = df[['

¢ AT Kmeans BRGE
KM. fit (student)

.xlabel ('
plt.ylabel (*
plt.title('T-shirt
plt.show

BT RRMHENE—— R,



HH=
IR E R SR

2.5. ERIREKL
pythonAT A3 | FMatplotlibR=E, SERHEEK, EESE

SRIBRNEN. 292 7T RIGEBBENERBES GRS
W, BHBscatter( )BMEMGE, EIR2EHENELIRGFR, 12
REBHIEAT:

import matplotlib.pyplot as plt
plt. scatter (W MR PEL, %k :2)

<matplotlib.collections.PathCollection at @x7fd336dc1810>

1.1.ﬁﬁmhonﬁﬁﬁiﬁﬁ
1.2.%8#FColabf AR R THR
'

1.3.5f1# Colab

2.2 B 4 B

23 B RBEREN :
2-4-ﬁﬂlﬁﬂmi’;ﬁﬂﬁ
25 AR R l

3LIRIERE X

> 3.2 %K(E

3.3.K{ERE

3 5. 5% : '
- . .: e * x .
65 ..."'ﬁ‘k’.:;f. °
60 L] ‘}i * LY

e * o .
55 . L *
501 ® Qeve

0 8 ) 100 10
Rifliscatter(x,y):

LB EN Ty HER, ERBME, xFMysEE AR
&

2. FI A2 HEENT,
c. TSRERE, 4, c='black', REFMBMREACHEE,
s: FFERA/N, f5lgs, ="100', REFFIRA/)NA310085

alpha : #FS%EPARE, 90, alpha='0.5', REFFIRER
FE#0.5,

cmap: EEGEE, 0, cmap = 'autumn', RERIREE
BEE A'autumn’s

linestyle: #R{&#x30, 4, linestyle='--',
A=

REMRFER



B HERETTR

HESE HEETE

EE B4 BERIR







REER CHERE

- B
wrpp MBS SLEE

=

ED-IV-1ER U EZ/REET

ﬁﬂ%’%T@)ﬁf@ &t-1V-48 Lfﬁﬁ
% HE1E [E%E
ED-IV-28IERNZR R A | EEARE ﬁp—lV-lﬁEﬁﬁﬁLéHﬁEEﬂﬂ
BD-IV-3&E R RIEM R E A 48 ﬁk/u\lzﬁ WiETH

MBIREE




ED-IV-1ER N CZREETS
A

ED-IV-28UERAITRR A

D IV 3§+’I'FEEE¢E%/U\/\E/£

ek

N Rl

IEE—/ /L;\n&

E%EE%/_:EEEE

fr#%ﬂ?ﬁ’]?’i/i

EA SR

-“H.Eﬂﬂ

A=

A =2
[~ 1 2]

=N=

=gyl

1—_”Eﬁ ff_%r_%/u%m : &

B IR N S

BR R

B 488
o=



../../科學探索/禎苑-二進位/講義&學習單.doc
../../科學探索/禎苑-二進位/講義&學習單.doc

<«

A
3

SR EEHMREt O

HEEE
SBERIR

B FANRERS T R E R E S B AR BT

- Bl BREENR N EEFTEHETEES R H?E
MRBRRRENRINESE ARINE— 1 S5 - AloEE
ARIRE R (BT S S E A S 8 ) P RV E)

ERREIVR S EE AR RE ,“INJH: IJ

X




B #6— KNP (Pattern recognition) Fﬁ%ﬂ#’l‘ﬁ(Decomposition)

- ZBRBCEHMNE - SRR (pattern) IWEREAT R EIEATT
ENGEY A El kPR

AR AERE (% .
(Recursive cas P P

e W MR
R

A\ AN D

B R O SR T H 2 B3 EREE T =



m 05— YA (Pattern recognition) - BREEE4T (Decomposition)
— EEE B El > TR AR B IR AR AR = (pattern)

T ELE T R MERM TR T B 2 B3 SR T2
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)WRE

LUSRFENERTR « SABBLRTT (Initiator ) BERT ( Generator ) « HESSMAT -

Femem . R AL

m 06— P (Pattern recognition) - RBIEE#EHT(Decomposition)
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[E; recursive_ex1 Mg =

K20y w0 4 Eer—
Newspite: & / & @

P B A TR T L B S R

def koch(t, order, size):
if order == 0: —
e

koch(t, order-1, si
t.left(60)

koch(t, order-1, si
t.right(120)
koch(t, order-1,
t.left(60)

koch(t, order-1



2] _ MZR{E(Abstraction) - EilZk/R(Data representation)

B Data compression (Exploring Computational Thinking, Google for

Ed u CatIO n) Activity 1: Smallest amount of data necessary (20 minutes)
Activity Overview: In this activity, students will use pattern recognition and data analysis to determine what is the
smallest amount of data necessary to communicate to another person information such as a word, phrase, shape, or

visual scene.

Activity:

1. Pair students into groups of two.

2. Have one student think of a word or phrase and write down one of the letters from that word, wait a second,
then write another letter from that word, omitting some of the letters. All of the letters should be placed in the
order of where they belong e g_ If | were thinking of "HELLO WORLD," | might write down "L," then later write
down "LL," and eventually it might look like "H LLO WR D.”

3. Have the second student try to guess the word or phrase as quickly as possible.

After the second student correctly guesses the word, students should switch roles.
5. After a couple of turns, ask students to try and do the same activity using a shape or a visual scene like

"student walking to school," where each student draws the shape or visual one line or curve at a time.

=

Q1: On average how much information (turns/steps) from the first person was necessary to guess

Word Phrase Shape Visual

https://docs.google.com/document/d/1PSD5sAiRoC96pPdbPQ7AzWBzH5IAWuUH2aB-4QLpPMs8/edit#



m 06— Mmz{E(Abstraction) « Eifl &R (Data representation)
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24 = RIREREAT(Decomposition)  EEE B # (Algorithmic thinking)
m Water Water Everywhere! (Exploring Computational Thinking, Google for

Education)
Instruction | Quantity in A (max 4 | Quantity in B (max 7)

R )
ﬂ:'“n?"::"’;”"”m“"..‘:“w’;f; o oy v o ek o o STARY START 0 0
Fill A 4 0
A->B 0 4
Fill A 4 4
A->B 1 7
Empty B 1 0
A->B 0 1
Fill A 4 1
A->B 0 5

https://docs.google.com/document/d/1jOGAD21D5BoVblYhs_eFRxdjQCbEaAFI9TiPuQgzdVg/edit



m AP EEERERET(Algorithm design)
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B #6|h EiFEKR(Data representation)

- FREBERIE - 68 - HfRIRVHE - (RRESFIERGREER ( Graph)
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B 6 &Y (Pattern recognition) - ##E(Simulation)
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B 6 &Y (Pattern recognition) - ##E(Simulation)
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s fl+ IREE RIS --FE 7 # ( Decomposition ) -

Design )
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( Simulation )
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m FHN XY (Pattern recognition)
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m EA+ - BBRRER-ERNRR ( Data representation ) ~ EEEER# ( Algorithmic
thinking )
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m F A+ XY (Pattern recognition)
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B 4]+ = &P (Pattern recognition) « &R
(Decomposition)
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B #6]+= &I PE(Pattern recognition)
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26+ B FRaEEIE (Data representation and processing)
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Recommended for

Barefoot ages 5-7

)( Computing at School

World Map Logic -

Logic and Programming

-_—



| know it's raining | know if | wear | predict if | wear
my coat | do not my raincoat today
get wet | will not get wet




| am not

| know if | eat | predict if | eat an
an apple I am apple | won't be hu
not hungry ngry anymore

| know | am
hungry



l

| know | am | know if | put | predict if | put my
hungry my coat on | will coat on | will not
not get wet hungry anymore



B | can predict what a program will do

m | can explain why I think this
| R -.
7
M

Logic




\orld Map Bot Sim

program

(empty)

click here
to move
to x

+ length: O /




What 1s this?

Song
Continents link



https://www.youtube.com/watch?v=oCW-dJyBrog
http://en.wikipedia.org/wiki/Continent

What is this?
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Europe

North America
South America
Asia

Australia
Africa

Antarctica




Europe

North America
South America
Asia

Australia
Africa

Antarctica




Europe

North America
South America
Asia

Australia
Africa

Antarctica




Europe

North America
South America
Asia

Australia
Africa

Antarctica




Europe

North America
South America
Asia

Australia
Africa

Antarctica




Europe

North America
South America
Asia

Australia
Africa

Antarctica







B ENHMBEILIERTE?




Recommended for

Barefoot ages 7-11

% Computing at School

Shapes and Crystal Flowers

Use repetition in programs

\



Scripting Area
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V4 setpen color v m@

Backpack




@ » File Edit ! Tutorials Untitled-6 Share €) See Project Page Save
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What is the difference?

, erase all

/

s setpencolorto L} o craseal

turm o @ degrees 7 set pen color to [\J

tun C @ degrees
tum C @ degrees




Challenge




Programs & Repetition:

Repetition

* | can write a program
that uses a repeat command

* | can explain what the

repeats do in my program



Images from Pixabay CCO Public Domain



Images from Pixabay CCO Public Domain



Challenge

Vs erase all

/ pen down

V4 zet pen color to |

move e sieps

Vd change pen color * by o

move o steps

/ change pen color * by 0

mlweoxlqls
i @D 1 @) oo

/7 change pen color + by o

V. change pen color v by o

Vi change pen color + by o

V4 change pen color * by o




Nested Loop "

Why does this not
change the shape?




Nested Loop

set pen size to o




Nested Loop

7/ set pen color to (jW
move steps
tum degrees
move steps
'lum o degrees
=)
=
\ Challenge:



Nested Loop

/7 pen down

4
N

/7 set pen color to |

S

Challenge:
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binary_learning.swf
binary_learning.swf

B EE) IRENE
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file:///D:/linyt/科學探索/binary_learning-final.swf
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W ¢ f2Ees?

usklp Ifxyn mgmsn xisgl tysng ywwyv zsfkk gnwks wrvgh vswiy rvgps wwsyv olool h
swyv wswmgq xsyvw lifpp svsnu ssxIn lkcws vsusm msnxn gxvsl hsnxk qulkl fnxsv usr
xs klugv vswrg nilnu sugis ssnxv soloo lhssx wswis ybugm rkfus wksrv gpsww syvae
sixwx gnssx klugm xswws kgzsk lussn wsmok suswq nxxvqg fwisw swrvf xwksw rkywq
vfhfn lybis ksyvh snsvl xfqnf kwsmo kstyf kwwsv Ifsnx fmrkf tyswi Inwks iszsk grrsm
snxiy nsmlu efnsr qyvkl uqifp fulxf gnlyx gmixf tysis wmsww lhswu styfw svifx ynsms
nlusx svvfo ksrqy vkswf nxsvs xwisk loskk spvin usngy wsxyi fgnwk Irgww fofkf xsisp
Ifvsi swuqr fswws uvsxs wisus wrkin wsnyx fkfwl nxksw cwxsm sfnhs nfsyb ismil hysv
v szsyf kksdv srvsn ivsug nxlux wfkzq ywrkl fxlzs ukszq ksyvt yfswx wqyru gnnsw sxv
qy zsvlw qyxel mrxgn fknsp Ifxly uyniq yxsty susxv Ifxvs iswus ksvix zlues vuesv Ifmr
g wsvwq nrvfb usufv skszs isklr kywel yxsfm rqvxl nusnl xfgnl ksplf winxk qogsx iskl
w Inuxf gnisk qyfwr efkfr rskyf msmss xrqyv vifxm snlus vklkk flnus tyliv yrksw fuskl
xgmol fxsnx vsism lyzIf wswml fnwxq yxsuqg vvswr gniln uspyx yvsug nusvn Inxus rvq
rq wiszv llzgf vynuq iszfh snsvs ryfwt yfksw xfmrq wwfok slisu qisv
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SEE NSRS Computer Science
ﬁ/\\\EAEKTEE/u\ ﬁﬁgF'TEElZ ? 'T'LIE

https://csunplugged.org/

without a computer

CS Unplugged is a collection of free teaching material that teaches
Computer Science through engaging games and puzzles that use
cards, string, crayons and lots of running around.

Welcome to the new CS Unplugged!

This updated website has unit plans, lesson plans, teaching
videos, curriculum integration activities, and programming
exercises to plug in the Computer Science concepts they have
just learnt unplugged.

The original activities are still available at
classic.csunplugged.org.



https://csunplugged.org/

Teaching London Computing 125 &%%E’J%ﬁl%%ﬂ?
— Queen Mary University of London Ei King's College London.
https.//teachlnqlondoncomputlnq.orq

Computing without computers EQueen Mary University of
LondonE’J Paul Curzon AIcEEIEE AL N EIRIRET C TR

4ERE - EEASEANR - LI‘EUHAU%FTE’F'EHHEKWEU mMAEEZEH
?Tf?%'ﬁ_b

https://teachinglondoncomputing.org/resources/inspiring-
computing-stories/computingwithoutcomputers/



https://teachinglondoncomputing.org/resources/
https://teachinglondoncomputing.org/
https://teachinglondoncomputing.files.wordpress.com/2014/02/booklet-cwc-feb2014.pdf
https://teachinglondoncomputing.org/resources/inspiring-computing-stories/computingwithoutcomputers/
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Following is a simple program to print first n Fibonaccl numbers.

Examples:

Input : n =3
Output : @ 1 1

Input : n =7
Output : 8112 358



B RECEANTHEREE

Python 3.6

1 def listSum(numbers):

2 if not numbers:
3 return @
4 else:
-5 (f, rest) = numbers
6 return f + listSum(rest)
7

2 myList = (1, (2, (3, None)))
9 total = listSum(myList)

Edit this code
line that just executed

= next line to execute

Step 10 of 22
Visualized with pythontutor.com

Move and hide objects

Frames Objects
Global frame function
listSum({numbers)
listSum L
myList L tuple tuple tuple
0 1 0 1 0 1
A L7
listSum 114 2| g | (s
numbers |_
Fl
rest L
listSum
numbers L

https://pythontutor.com/
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http://www.mathland.idv.tw/game/hanoi/hanoi.htm
http://www.mathland.idv.tw/game/hanoi/hanoi.htm
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Algorithms:
Insertion Sort

By Alister Christie

CODE <17 -;iGURUX«¢]\"
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Bubble Sort
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AR SEALFBREPHEREIRFAEHBRENTRR - QLARAARGHTANARE  KBENTFREETM -
(MR ARENRAEF—EERIFEN)

EE
[(maxm |
_mERE
Fam
F oy
> L J J AT
ORED
weather = str(:mput( MEFEA"))
if weather == "B§7% WE MARR TR, WARZ T*Ti
temp = Lnt(innut( REME") 1 IT3 W nc

if temp »= 3@:

1 &x W BC :l
print("2TE") .

E 3o4x am vc
rain = int(input(" FERE")) 4 wx o n'C £
if rain < 50: LI £ § wh o 18C L3
) print(*d ") 6 5% BT 1
else: 7 . 5

1se:
print("Fm")
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3. ALA  BEEE  wRAIRTHET P HBIARTHR - HRDRBAY
wmB A HEYE?

4 HAVKRFHEEBOADY £ T TRAE-RBR, LBHEET "THR
BA CBREARPERTHAE - BERETAR:

FERREHEBLETE  EEZENERENSIE




(@ ETETENE  BHERE FERTEEMNER)
=E

\/ ERER
THESEE

HIEE B 2RIy, - 031

HIEE B 2y, 031

VSN EEEER
EaE




({b SEELEPEART  TETEHE)

FHLRE | MR
60 80
70 100
90 70

(FETEESLHEELR) 85 120

-

EEEES ey = 737.8
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B Teaching Physics by doing experiments in lectures

— Professor Walter Lewin, MIT
« Potential Energy (B44E)

http://www.youtube.com/watch?v=CgqBg44azYk&feature=relmfu
44:00
« Simple Harmonic Oscillator (fGz&2E#))

http://ocw.mit.edu/courses/physics/8-01-physics-i-classical-mechanics-fal
1-1999/video-lectures/lecture-10/

45:00



../ref/lab-based learning/mit.mp4
http://www.youtube.com/watch?v=CgqBg44azYk&feature=relmfu
../ref/lab-based learning/harmonic.flv
http://ocw.mit.edu/courses/physics/8-01-physics-i-classical-mechanics-fall-1999/video-lectures/lecture-10/
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— VISUALGO
« https://visualgo.net/

et/ Gl

Nextt Random Tip)
his is the English (default) interface for httpsy/visuslgonet, VisuAlgo will gradually gro
linto a multitingual site. Try Visiting the other versions of VisuAlgo, eg. Chinese; Ingonesian;
[Russian; ecc (see

WMISUALG O herven

structures

Search [ - ]

Eeatured story: Visualizing Algorithms with a Click

=

Graph Structures ™ Segment Tree


https://visualgo.net/
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B IEREER ZCT-STEMZEZ

— ZERIBEFXREBE £ EZ(National Science Foundation, NSF) &2 715 K E35,
17 ¥ —{@lComputational Thinking in STEM (CT-STEM)ZtE& - &5t 7 —
ZASTEMBIRERABESF L ES B4 - BIRFTEN (2 _LIFS
PIZEITCT-STEM#AEB ZEI4R - BEZRZEETTE S SSTEMIUERBAE R X -
VREBEREBHITE

— https://ct—stem.northwestern.edu/



https://ct-stem.northwestern.edu/

B AIEREHEZCT-STEMAE

The Physics of
Angry Birds

DA (Data Analysis), MS (Modeling & Simulation), CPS

BBl

Determination of
Ohm'’s Law from
Physical Data

Investigation of
Resonance Using
Computer
Simulated
Experiments

(Computational Problem Solving), ST (Systems thinking)

Modifying Code
Introduction to
Netlogo: A
Newton’s Law of
Gravity
Simulation

)
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41570

=
EABER - #h
TR
ERE
Bl
sTEHREIN

DA, MS, CPS

FE -

MRBEE

%ylgé N f@ﬁzﬂf‘% EISEZ . EII:'—_I'l:IiElE
ﬁﬂ%%_ i ~ EFH =i
==}
e — i FJAVARS 5 E2 30
ALY = AX %—_I_
HEER /.
SR AN RN g
DA, MS DA, MS, ST

=
Netlogo & 5
coding

DA, MS, CPS



STEM/STEAM &2

[ 4 CT-STEM Curricula Intro to CT Teacher Support ~ About~ Login

Browser-friendly CT lesson plans for your classroom

ected Chemistry

ideal Gas Laws

LESSON PLAN - ENVIRONMENTAL SCIENCE UNIT - BIOLOGY UNIT - CHEMISTRY

40-50 min 6 Lessons 6 Lessons

Intro to learning with Computational Evolution of Populations Ideal Gas Laws - Connected Chemistry
Models 2019




¢ CT-STEM Preview - Ideal Gas Laws - Connected Chemistry 2019 “ CT-STEM Preview - |deal Gas Laws - Connected Chemistry 2019

| observer v [

| Clear

3 powered by Netlogo CC2019-M2-Pressur... =] o |

Export: NetLogo | HTML

3 Mode: Interactive ~ Commands and Code: Bottom

model speed —
e ———— | Jump to Procedure | Recompile Code [J Auto Complete
ticks: 249 -
Disabled
" 66 to go -
Initiah:number o7 67 let old-clock 8
68
U setup 69 ask particles [ bounce ]
70 ask particles [ move ]
71 if collisions? [
72 ask particles
73 [ check-for-collision ]
74
75 1
number-to-add 71 76 set old-clock ticks
77 tick-advance tick-advance-amount
+++ add particles S
79 if floor ticks > floor (ticks - tick-advance-amount) [
80 ifelse any? particles
81 [ set wall-hits-per-particle mean [wall-hits] of particles ]
82 [ set wall-hits-per-particle @ ]
show-wall-hits? :i ask particles [ set wall-hits @ ]
85
86 calculate-tick-advance-amount
87 ask flashes with [ticks - birthday > 2.4] [
88 die
89 1
%0
91 if (show-wall-hits? = false) [ ask flashes [ die 1]
92 display
93 end
94
95
96 to calculate-tick-advance-amount
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STEM/STEAMZ(E

W 2-10: 3 I A I VR BIROER S (BEE) -
7|( }'fﬁ L* (A) FEEIEERREYTEIR T » 38R BT R E L
(8) AHEILESERIMINT » IR RBIS IR L
B |
B 2128 AH, Bt SSGSPIERE A LD 7.
[ PiEe—gmiEg (LT /S (ELEs+ e |
* FI9EE=(304+30) 7 {(64+3)=60.9 =20.,"3-

B 2-13:355 0 S Vs e R B
— B | 32 || 7 while=iz py - DAtemp\while =3z py BE(EH)E /N BERRESHE T 40.00 2\ )
II:'e .%C‘t Fc:""’uat Run Options Windows Help L%:.‘T—{ﬁﬂi]% 8 "J\ﬂ\!l' Y EEFE&?E‘;@T—&
#whileZF$
visual *
v = 0.05 pAIERE = 0.05 m/s
dt = 0.001 I mE = ATV E Rl bR, B X
t=0 #HEEFFT EABNIFRT . B S

floor = box(pos=(0, 0, 0), length=0.2, ¥
cube = box( pos=(0, (0.05+0.005)/2,0),ler

(1) :
(cube.pos.x < 0.07):
rate (1000) s 1000 RENEEEE P
t += dt # 7 PR 15 T = PR BB

#print t
cube.pos.x += wxdt #UFE=FE
#print cube.pos.x

print t




TR E]

*ETJ’EMMLT J_&(Slns etaI 2005b) IR 2 #H FFFE (Ramaila, 2014) 8 R Hi@ S A ZSTEMAZET ‘Eﬁnﬁﬁlf—%
EIEERER  BEENEBETHEREATERERE  &F "othy ~ TEEZEREN. » TEb, B
FEREE, M IEILT =S A ) E

[ AE AT HE - A0 FLGERT I BTREIRT 5 £08 - E2] 180 /3 HL/RERYBMET AT - H] — -
AT BT - PHIEERE RS AR/ 2 ARSIV AR - HATE While ETNEE 7 EEE
BT TR g -]

& N VAN
& PR ¢ AR REIPIEYIERE LR - ﬂ*ﬁ
R T

* 22 Ax

1
5 (Vend + Vstare) ™ t

+ A3£3: 180(km/h)= w
- AR VR - BB E ERAENE ?
2-2: 48— 48 » B SERAEREUE *

Q  HBEHET R 7

=50 (m/s)

A IR RS B o
T PRTERLE FILTATRIEE R 50 m/s
HE[EIAE 0 BAGEEIE S B
2-3:AR DL BRI - BT D Sei e S P R - A A B (e #E(-125.0,0.5,0.0)

om visual import *
FEBEE S m oo
v_start=0 #m/s WJEF‘
v_end=50 #n/s §FEE

©_start=0 #IEFR

t_end=5 R

dt = 0.001

sBEERE

scene = maplay(wldth-zaoo height=200, backg:aund-co 5,0.5,0)) HETEEE

floor = box(length=250, height=0.01, width=4, colar=color.blue) il
ball = sphere(pos=(-125.0,0.5,0.0) , zadius = 0.5, color=color.red)#IH4{



While ETIIEEZEREE

X3 SN—
2 EE]
— /H BEAME

. = _ AV Vv
A 2X1: a= - = oy
(B) /l}iﬁ 2 Ax = % (Vend + Vstart) * t
HIEMEERAE
a = (v_end - v_start)/(t_end-t_start) ##EE
princ "IEHBANLEER ", a
\ x = (v_end+v_start)*t_end/2 #HE ST TERF LB EERATAYRESE /
princ "UEGIMTLES B TR ATAORERE , x

2-5: ERAIEE IR R - 8 e e E 7
K Fs vpython SEUREEE 3D 28] » MERA A AN » RSB HEEEEL 30
it -
HEEHABEEA/)D, EvpythonP AE BFT
ball.v = vector (0.0, 0.0 , 0.0) #EHEMLEEESE
(?&E‘.@%HE'EER}&M%E&B&F& » FE— AR 40 {e] FEAE SRS B BN TR E FRATAYAR S \
EEEERAIAL /N S S R AT AT (i B
1. EHBEPERET ST EEE
2. EEHREIE GRS

#hESEE
while ball.pos.x <= X: FEEHEUE D AEFNERUES
rate (1000) #1000k
ball.pos = ball.pos + ball.v * dt * 0.5 sIE§#EMEFESEE (v+vo)*c/2
\_ ball.v.x = ball.v.x + avdc RGBT EE v=vorarc Y,




1
I\

$# -*%- coding: utfg -*-

FRABER

from wvisual import *

FNEEE

v_start=0

#HEE (GERE—ERED FE

v_end=50

FNIEERR]

t_start=0

#HEE CEERA—EERT BRI

t_end=5

sa E FfRE AR IR LLERE
dt=0.01

FHEEEEE

scene=display (width=2000, height=800, background=(0.5,0.5,0))

iR L& EE

floor=box (length=250, height=0.01, width=4, color=color.blue)

AR LR R

airplane=sphere (radius=0.5, color=color.red)

SEREMBIMEUE=, v, HERTE

airplane.pos.x=0
airplane.pos.y=0.5
airplane.pos.z=0

FERE MG EE

airplane.velocity = vector(0,0,0)

IR LR EINEE (FE -F) / (FER-TIER)

a=(v_end-v_start) IA t_end-t_start)

) 03 B ", a

While BrtliEE 2

Ean

%

=

oo

IR LT ET B L REROEEE (F0F <00F ) «FRTER R #0.5
®=(v_end+v_start)*5%0.5
print "fEEFLEIRITHIEES ", x

A wnileDE— b — B E L ETAEE

AR RIEE of P RGIE B TR IEFT LI RIR S

t=0

F2 MWEI=IE ZEFBA BITEME 05T ERITOE
while airplane.pos.x < X! ﬁaff%w}".ile%ﬁfffﬁ@ﬁ_‘ﬁg?ﬁ

$HEENPEEI R0, caF — b —SBERELE
print "IRESE", o, ", cede, "FHEVER

FHEMZE T RMELEE

v0=airplane.velocity.x

FREMETERC. 0IFEINER A E=E NLEE -SR] e

v=vi+a*dt

#THEE0. 00 FVEVISENEREE  (FE+0E ) ~FiTE 0. 01fk#0.5
dx=(v0+v) *dt*0.5

STEHREOEFRE—T

"tE ", v, "HE T, v, "FSENEEEE ", dx
rie[RELE| B ATEEEE ", airplane.pos.x

#HIE 8RB mRaIRR
F1.2MENREY AR (FERERND LX)

airplane.pos.x=airplane.pos.x+dx

F2 UENRRETEE (FE /N LERENEN)

airplane.velocity.x=airplane.velocity.x+a*dt

FEFET OISR o. o #flins . asFET] 3. a6t
t=t+dt

R TEERIMER
rate (10000)
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While EEJTilEE 7 2

- RIS

N}
v

5] 2o

=

|.& *Python 2.7.10 Shell* — [m] X
File Edit Shell Debug Options Window Help
fIE 33.3 FF 33.4 TERNEEEE o0.3335 o

TE[RESE| HAREEE 55.4445

HATSE 3.3¢4 PE 5.35 PavER
FE 33.4 FF 33,5 IBENEEEE o.33as
fEIRELE| HAIFEEE 55.778

HATFE 3.35 #E 3.36 PEVHR
#iE 33.5 FF 33.6 THEDEREE 0.3355
fie/RELE| BATEEEE s6.1125

MALEHE 3.36 FEl 3.37 HEVER
E 33.6 FHE 33.7 IBEHPEEE o.3363
fiElRELE| B ATEEEE s6.a48

HAESTE 3.37 #E 3.38 PavER
I 33.7 FF 33.2 TEENPEEE o.337s
fEREGT| HAiEEEE 56.7845

BATHE 3.38 #E 3.39 PEvER
FE 33.8 FF 33,0 FEENEREE o.33as
fielREhE | HAiEEEE 57.122

HATSTE 3.39 PE 3.4 PHOER
A 33.9 FFE 34.0 IBENPEEE o.3309s
fEMRELT B ATEEEE 57.4605

HATHE 3.4 #8 3.41 FEVER
E z4.0 FF s4.1 F5EHEEEE o.340%
fEEELT B HilEEE 7.

BASE s.491 #E 3.e2 PavER
FE 34.1 FF 34.2 IEENEEEE o.3415
fE[RELF| B AieEBE s58.1405

HATSTE 3.42 #E 3.43 PavER
R 4.2 FE 34,3 TEENEEEE 0.3425
fielRE5E | HATEEEE 58.422

2-8:5EE print ball.pos » EZEHBEFIAIERE -
2-9: 5058 print ballvx - BRERESTHEFIITERE -

210 RIS BRI (i

2-7: R R E e P s R e R AR/ 2 - A AR
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O S EEREEEE HENF T RERLLM)

from wisual import

HEAR - FES ©

EEH + YRR R R

22

G =
t=2a

6.7e-11 :ENEH LEEYEEA  ENEEG=

QEAEBEVHERA > BAS I TERARE

dt = 0.0001

scene = display(widch=200, heighr=800)$ESR

earth = sphere (radius=§378.1, material=materials.BlueMarble)$#IERF{%, BRI E

earth.mass = 5.972e24ihTHER
ma = Grearth massiENHEAHEE

FHE

ge_satellites=[]
for 1 in range(0,3,1)

ge_satellites.append (sphexe

ge_satellites|i].r = 42164#I‘]fa@§5‘ﬂmﬁa*]252§

ge_satellites[i].av = (mu/ge_sacellites[i].r**3)+*+0.5

arrows—[] $EAERHE
for i in range(0,3,1):

arrows.append (arrov (snaftwidth=100 )) #HENGEEHEHER

PO_satellite = sphere (radius=1000, make

iala. rough) | S N0E SR FEHRTE

_crail=True, retain=1000, material=materials.rough, color=(0.7,0.7,0.7))#HEEHEETEEHEERFEN
PC_szatsllita.x = §378. © <1500 +4EHE 4 L FITERASEE A

PO_satellite.av = (mu/PO_satellite.r**3)*#0.5

earth.av = (mu/(ge_satellites(0].r)**3)=*0.5

while True:
rate(1000)
T += doEEiY
for & in range(0,3,1):
ge_satellites[il.
ge satellites[i].z

= ge_satellites[i].r*math.cos (-ge_sacellites[il.av*c+i*120+pi/180) 3E S EE)
. satellites[i].r*math.sin(-ge sacellites[i].av*r+i*120+pi/180)4E & EHE 8

3. EEWEREL
1~m2%:
rk

Fehy:

ge_satellites[i].pos = vector (ge_sstellites[i].x, 0, ge satellites[i].z):EHFHEME, EE
arTows[1].pos = ge_satellites(i].posilEl # 12 1 Bo e ETEEHE (IR
arrows[i].axis = -0.35%gs zatallires[i] .pos
PO_satellite.y = PQ_satellite.r*math.ccs (-PO_satellite.av~t) HEIERTE i
BO satellite.z = BO satellite.r*math.sin(-PO satellite.av~t) $E2HE 30

4. for i in range(0,3,1):
print i
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