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0. Introduction f&+}

0.1 Preamble

TEiE(HEETT » IR R In this activity unit, you will perform virtual experiments with
E%ll[ il @%ﬁ%ﬁ%%%ﬁ@% four different public domain physics simulations dealing with Motion.
i ’_E@ﬁﬁf@f?ﬁ@%ﬁgﬂ . Before you start answering the questions, play with each simulation.
OB BT - Pk Get familiar with both the English and Chinese versions. Learn each

e LET e EA b s \\ 7 . . .
ﬁ%ﬁ% 2}%5@7%% Egjgﬁ i of the different effects and buttons of the animations. Where there are
=R SRS tabs, utilize them.

0.2 Notation
a. Key Terminology
s(t): position
v(t): velocity
a(t): acceleration
[v(t)|: speed
. Motion Diagrams (MD, & #/[E])
b. Key Skills
1. Drawing Motion Diagrams
2. Using a Spreadsheet to curve fit.

N

Sample Motion Diagram (GEE)HE)

1. 1D Motion
1.1 TEEEEES Download, Run and Play with the PhET Simulation: “Moving man”

1.2 Tab: [Introduction]. Turn on v and a vectors. Move the man. How do the velocity and

acceleration vectors relate to each other? &= E Y E A > IEHZZEE E S FEE R 2
Z R -

1.3 Tab: [Charts]. Enter a numerical value for v(0) and a(0). Run the simulation. Draw the
s=f(t),v=f(t), and a=f(t) graphs. Make sure you put a scale on the axis. ¥ HmEF|[EZFE] @ &
R R KRR E - WE T s-tv-tat -

S

\%

d

1.4 Comment on the relationship between the graphs (no math). EH{REZLE I =R EFE 2 Y
REMEET I
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1.5 Based on your graphs, write equations describing the motion (s,v,a) of the man. (Make
sure you use the actual numbers from your graph.) /g EikpYEIFRE R s, v,a By
(EBE M _ R 22 R )RR )

1.6 Generalize the equations t the relationship between s, v, and a ¥ it s Fiy=t

0 expr
FHAREE - AN EES s,

ess
v,a

2. 2D Motion: General
2.1 T #EE#EEES Download, Run and Play with the PhET Simulation: “Ladybug Motion 2D ”

2.2 Set: Vectors=Show both; Motion=Linear; Trace=Dots. Observe how the s, v, and a behave.
Record your observations with pictures. Observe the remote control window at the right
bottom. REEBRRE AR MR ZL 26T (M BRI E - fRERZEFRYIRS - W EEE A
HIFERI R -

2.3 Choose acceleration (a) in the remote control. What do you observe. How can an
acceleration occur? What is the fundamental requirement for an object to accelerate. ? HE

PRGBS MR I "R AR VS MBS IR (R T e 3R - JIEREAYE 32 Ryl ?

2.4 Set: Motion: Circular. Draw the motion diagram including v and a vectors. AREEZUSEF -
GAFEIET ~ RS ~ ZREAE T T ZEAE K -

2.5 What is the relationship between the velocity vectors and acceleration vectors. ff#it 2 ]

= SR A & 2 TERVRE A -
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2.6 Set Motion: Ellipse. Compare the ellipse motion and the circular motion in terms of

position,velocity and acceleration. What is similar and what is different? ;& RRESURHEIE] - ¥
ZZ (BB A B ) - 65 T AHE R A R -

O <l @l

2.7 Set Motion: Manual. Drag the Ladybug with your mouse. Draw the motion diagram

(remember to include a and v). Label the starting point A and end point B. £33 B8 35 1% —fF

SBRENREE © HURHVIE BB E - DURBAAGHIHE T fy AL > §5oRHTHETT Ry B BLREFLE2 ABAHTER 1S
HE N ZEAR

2.8 In the above diagram, connect point A and point B with a straight line. What are the
Scientific terms for the length of the straight line from A to B and the length of the route

actually taken from A to B? & —{FREL&RHERE A BN B &L - iEWFRER(ELER ~ BEREHIGR)HIY)
HUEF e OB R EE?

3. 2D Motion: Projectiles

3.1 T#ifE#EEES Download, Run and Play with the PhET Simulation: “Projectile motion”.

3.2 Tab: [Intro] What angle should we use to launch the tank shell to reach the farthest
distance (Answer using degrees (°))? How does the angle of firing influence the maximum

distance of travel of the shell? What is the relationship? HEsEEE R EERET > S IEEEDY 5
FE B R 2 5 Fy S Rf B EE R N RE (B Bl > BBPTHHE (252 80v.0 ,9)

3.3 Put a target at 20 meters from the cannon. Use a cannon ball to test the target. What initial

conditions can be used to hit the target? 1 E 2 B EEAHE 10m 3% > SAEEHTREsE » (R a
SRR BB R Fefn] (5 ~ TR EE & ~ /KRR ~ A ~ 22 SR BEL T ~ BRFE R AT ERE R ) 255 50 8% T2k

‘oHR
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3.4 Why does the y-component of velocity disappear at the highest point in the trajectory? =

B = REAY I8 > A0 AREREE R e A R

Raise the initial height of the cannon to 10 meter. Modify the launch conditions to hit the target. Draw the
motion diagram. ¥ KHEfEE 10m - WERFTH B - EHESHE ST

Make a projectile motion with only a horizontal initial velocity. What is the difference between full
projectile and this one? What is the effect of initial vertical velocity? Explain using a motion diagram. 4
SERIEIROE - RFRIAG IR R Ry 7KV 7 [ & BRI AN G AR B P 6 2 50 L5 T Y 2R S
B PR TR YR A F T B A ek

3.5 Systematic Experimentation
a. Preform an experiment to find the relationship between the distance of travel (x direction) of the shell
and the angle of firing. (a) Record data at 5 different launch angles (b) Graph the travel distance (x
direction) as a function of angle (c) Find an Equation to fit the graph. (You may make use of a
spreadsheet to plot and then curve fit)

0 X (b) Graph (c) Equation

b. Preform an experiment to find the relationship between the distance of travel (x direction) of the shell
and the initial speed |v| of the shell. (a) Record data at 5 different speeds (b) Graph the travel distance
(x direction) as a function of launch speed (c) Find an Equation to fit the graph. (You may make use
of a spreadsheet to plot and then curve fit)

v| X (b) Graph (c) Equation

c. Preform an experiment to find the relationship between the distance of travel (x direction) of the shell
and the mass of the shell. (a) Record data at 5 different masses (b) Graph the travel distance (x
direction) as a function of mass (c) Find an Equation to fit the graph. (You may make use of a
spreadsheet to plot and then curve fit)
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m X (b) Graph (c) Equation

3.6 Combine the results of the these 3 experiments into one equation, i.e. x = f(8, |Viauncn|, M).

3.7 Explain projectile motion mathematically. Divide each component into its x and y
components, including initial velocity. What is constant and what is changing? |/ ks

G - WA EHE B T AR E S x TR y JT A o B ERE

4. 2D Motion: Rotation
4.1 TEF#EEES Download, Run and Play with the PhET Simulation: “Ladybug Revolution”.

4.2 Tab: [Intro]. Place bugs on x=1 and x=3. Spin the wheel. (a) Draw the v and a vectors at 3
different points in time. (b) What are the directions of the velocity and acceleration vectors?
(c) What are the differences between the two bugs v and a? (a)i# i E & T (JEIAE x=1 Fl
x=3(MAVILE > & NONZEEFIZRE A& - (0)ZREFINZR RS R &5 mR? (c) WiEHYZRREER AN
HEA A E

(a) Diagram (b)

(© a, v

4.3 Tab: [Rotation] Set the angular velocity to 100 [/s]. Draw graphs of the motion: 6(t), w(t),
a(t), v(t), a(t) and sx(t) and s,(t).
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4.4 In the above question, what aspects of the variables (s, v, a) are constant? What aspects

a;g changing? a2 Eld - B PHIZE (s, v, a) VRIS 80?7 PLs g s 2 1k(s, v,
a)!

4.5 Consider the x and y positions. What is the mathematical function that can be used to
describe these curves? Explain why it is that type of curve? A& /5 100 » EH x My #Y
(e lE - SR Ryl By sin 7 -

4.6 Which parameter (6, R or w) is related to the maximum values of of the x,y position? x F

y HIERARAERUAT (HEE? (8 ,R,w)

4.7 When the angular Velocity (w=constant) is constant and Angular acceleration (a=0) is zero,

\}vuhy i)%the linear acceleration (a) not zero? & fa e B A H A IR B2 - AEL R
EARE -

5. 2D Motion: Maze Challenge
5.1 T Eif5E s Download, Run and Play with the PhET Simulation: “Maze Game”

5.2 Move the Ball from the start to the Goal and record your fastest time, number of collisions,
and final score at each level.
a. Do it by controlling the “R” position.
b. Do it by controlling the “V” velocity.
c. Do it by controlling the “a” acceleration

Level r (Position) v (velocity) a (acceleration)
time (s) | collisions score time (s) | collisions score | time (s) | collisions score
practice
Level 1
Level 2
Death

5.3 In the above question, controlling which parameter was the easiest and which was
hardest? Why?

6. Student Comments

6.1 {FEECE(ESH)E 2 Did you enjoy the activity? Choose one”
o HATED 151E 0 25% o EEERE o 75% o LOVED E%&
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Why? Fs{t7EE ?

6.2 YHREYYIE IR (A E5B) ? Was this activity helpful or your understanding of physics?
0 E—fULARBI N0 o —&f5Eh 0 BRRIE 075% oW Yes
6.3 fEH 130 2 (EfE 7L RIIEIAE 5 NRRORBEMEER, m15!  (RZM5

%3) Suggest additional questions to ask concerning any of the simulations. (If your question
is added, you get 1% bonus marks for the course!)

Activity Suggested Question Answer to suggested question

6.4 BIRBRINER? Any other suggestions to improve this activity?
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	2.5 What is the relationship between the velocity vectors and acceleration vectors. 描述速度向量及加速度向量之間的關係。
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	3.3 Put a target at 20 meters from the cannon. Use a cannon ball to test the target. What initial conditions can be used to hit the target? 將目標放置離大砲10m遠，試發射砲彈，使砲彈命中的初始數值條件為何(高、砲彈重量、水平射程、角度、空氣阻力、球種及所花時間)?請記錄下來。
	3.4 Why does the y-component of velocity disappear at the highest point in the trajectory? 畫出最高點的力圖，並解釋為何鉛直速度為零。
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	4.6 Which parameter (θ, R or ω) is related to the maximum values of of the x,y position? x和y的最大值取決於什麼? (θ ,R,ω)
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	6.4 有沒有別的意見？ Any other suggestions to improve this activity?


