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CASIO Teaching Materials

Physics Materials with fx-991CW

Introduction
These teaching materials were created with the hope of conveying the appeal of scientific calculators to many
teachers and students.

(1) Change awareness (emphasizing the thinking process) and boost efficiency in learning physics

® By reducing the time spent on manual calculations, we can have learning with a focus on the thinking
process that is more efficient.

® Thisreduces the aversion to physics caused by complex calculations, and allows students to experience
the joy of thinking, which is the essence of physics.

(2) Diversification of learning materials and problem-solving methods
® By using scientific calculators to perform calculations that are complex to do by hand, a greater variety
of learning materials and problem-solving methods becomes possible.

(3) Promoting Understanding of Physical Phenomena through Data Analysis
® These materials include experimental activities in which scientific calculators are used to organize

measured values and perform calculations, enabling learning that places emphasis on the analysis and
interpretation of results.

® These materials and activities, which involve creating tables and graphs of experimental data using
scientific calculators, foster the ability to identify patterns and relationships in physical phenomena.

Features of these teaching materials
® Makes classes more interesting by using scientific calculators

Includes a variety of real-life problems in each unit
Includes physics experiments in which scientific calculators are used
Enables students to utilize the scientific calculator's functions more skillfully

Three degrees of difficulty settings (levels 1 to 3)

EM  xv=n
Table  Equation
2

xy>0 [HA
Inequality  Complex
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Hydroelectric Power Generation Using a Dam Level 1

In hydroelectric power generation using a dam, the potential energy
of the water in the reservoir is converted into electrical energy by
turbines.

To calculate the amount of electricity generated by the dam, answer
the following questions. The conditions of the dam are as follows.

All answers should be given to two significant figures.

[The conditions of the dam] Dam

Water discharge rate: Q = 72 m3/s
Discharge time: t = 30 min Reservoir

Water density: p = 1.0 x 103 kg/m?

Height from turbine to lake surface: h = 545 m

Turbine
Gravitational acceleration: g = 9.8 m/s? (Generator)

. - . ano
Power generation efficiency: 80% Mechanism of Hydroelectric Power Generation

(1) Find the mass m(kg) of the discharged water.

* 30 min = 1800 s

* VV: Volume of water released in 30 minutes

o
V[m3] = Q[m3/s] x ¢[s] 72x1800

=72m3/s x 1800 s = 1.296 X 10° m? 129600

To display numbers with two significant figures, change the settings as shown below.

Calc Settings Q| Input/Output | [OFix -
® |System Settings »|lAngle Unit - | EE
Reset iNumber Format | [®Norm i I
Get Started » [ [Engineer Symbol »
WO K] E [
Sci1 11xw! OFix » | (72%X1800
@Sci 12
Sci3 :1.23xwe? ZNorm -
Scif :1.234xis? 1.3x%165
* m: Mass of water discharged in 30 minutes
m[kg] = p[kg/m?] x V[m?] - 0o :

1.0%10°XAns

=1.0x103k 3xV[m3] ~1.3x 108k
g/m [m?] g 1. 3x10%2




(2) When ignoring energy losses due to inefficiency, what is the potential energy U[]] of the water used for power

generation? Note that the potential energy used for power generation can be approximated by U = mgh.

*Strictly speaking, the water level decreases when water is discharged, so the change in h over time should be

taken into account. However, since the discharge volume is negligible compared with the dam's total storage, the

change in h can be ignored here.

U[J]] = m[kg] x g[m/s] X h[m]
= m[kg] X 9.8 m/s* x 545 m
~ 69 x 101 ]

(3) What is the actual energy E[]] considering the power generation efficiency?

E[]] = 0.8 x U[]]
~ 55x 10 ]

(4) In (3), what is the electric power P[W]?

PIW] = E[]] +t[s]
= E[]J]] = 1800s
~3.1x108W

(5) What is the generated energy W,[Wh]?
W, [Wh]= P[W] x t[h]
= P[W] X 0.5h
~ 1.5 x 108 Wh

Ansxd. 8x545

B.9x%i1011
Jo¢ [ :TH &
0.8xAns
S.9x1011
Jo B )
Ans—1800
3. 1x10®
[ F | :TH &
Ansx0.5
1.5x10%

(6) If the average daily electricity consumption per household is 8.5 kWh, how many households does the

generated energy W, correspond to?

- W,[Wh] = W, x 1073 kWh

- W, x 1073 kWh + 8.5 kWh ~ 1.8 x 10*

= It can supply 1.8 x 10* households.

Ui | LM [

Ansx1073+8.5

1.8x10?
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Estimating Height from an Object’s Fall Time Level 1

B) Using the free-fall formula and each measured time, calculate your height and enter the results in the table.

Procedure:

A) Drop an object from your height (use any object that isn’t too light, e.g., an eraser). e

Measure the fall time five times and record each in the table, rounded to two decimal places.

C) Calculate and record the average fall time and average height.

A) Measured fall time (and calculated results of B and C)

- Average
2nd 3rd 4th 5th of 5 times
measurement C)
Fa”t":;”[s] 0.62 0.55 0.57 0.61 0.63 0.60
Heigh;:)y[m] 1.88 1.48 1.59 1.82 1.95 1.74

B) Calculation of height y[m]

Calculate y (height) using the free-fall formula y = %gt2

- [Table], Define f(x) = - gx*

- Enter the measured fall time in the table’s x column and calculate the height.

o [0
X x Toma Fix)
+ -
Calculate  Statistics  Distribution ! gix)
Xy=0 i Define f(x}
Spreadcheet [ENIENE Fquation fi{x):None Define g{x)
JoF T o [ o [
-F{x}:lgnxz 1 P 1fé§33 3| d.s7 1“%%3
2 2| 0.55[1.4832 4 T0.7|2.4026
3 0.57| 1.593 S| D | 1. 9461
4 0.7|2.4026 &
0.62 0.63

C) Calculation of the average of five times

- [Statistics], [2-variable], Enter fall time for x and calculated height for y, then compute their averages.

0]
X [l A 1-Variable x | v
= P e = 1| | 1.5
Calculate [y Distribution 2—Variable 2 .55 1.4z
iz Xy=0 b
Spreadsheet  Table  Equation 0.62
|}
2—Var Results ifﬁ 0.5 | R Sl
Reg Results > Zy2 fgizgngd v =1.744 l
Statistics Calc » T =00301245829 Si2  =15.%78
52 =1, 1Bxias Try  =0.032024




Consideration
Compare the height calculated by the formula with the actual height. Think about the reasons why the values differ.

Also, calculate the theoretical time it takes for an object to fall from the actual height.

® Examples of reasons why the calculated value and actual height differ

- Timing of pressing the stopwatch (The formula includes t 2, so differences in t lead to large errors)
- The height differs from one's actual height

- Airresistance

- Variation in gravitational acceleration due to latitude
® Theoretical fall time from actual height

- When the heightis 1.73 m

Calculate t (the theoretical fall time) using the free-fall formula y = %gtz.

173 =2gt? «t=~059s

o [
X i A Simul Equation 1.73=1g, 2
Calculate  Statistics  Distribution Polvnomial 2°"

=] x= 0.5939880552
Spreadsheet  Table = 0
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Train Acceleration and Hanging Angle Level 2
An object of mass m hangs from the ceiling of a train. .
Assume that the gravitational acceleration is %\g
g = 9.8 m/s?. Answer the following questions. < m
) )

(1) When the train accelerated uniformly after
departure, the object tilted at an angle of 5° as shown in the figure. Find the train's acceleration[m/s?].

Horizontal force equilibrium: Tsinf = ma (i)

Vertical force equilibrium: Tcos@ = mg (ii)

i) Tsinf ma a
From g, =— — tanf = -
(i)’ Tcos® mg g 1

T (Tension)

Tcos@ (Vertical component of tension)
a

s~ a=g-tand = 9.8 tan5° ~ 0.86 m/s?

ma (Inertial force)

(Horizontal component of tension)

0.8573889026 wmyg (Gravity)

(2) How far will the train travel if it accelerates uniformly with the value from (1) for 10 seconds after departure?

From the formula for distance in uniformly accelerated motion, g g

x=2at?~43m %QHSX'IDE
2

42.86944513

(3) According to a railway company’s safety standards, an acceleration of 2.0 m/s? is classified as "sudden
acceleration" and is considered extremely dangerous. Find the angle 8 for an acceleration of 2.0 m/s?.
From (1),

a = g-tanf

20=9.8-tanf -0 = 12°

ol [ i Simul Equation =9.8tan{x)
Calculate  Statistics  Distribution § [Polynomial

=] x= 11.53462065
Spreadsheet Tahle —R= 1]

Alternative Solution (Using Inverse Trigonometric Functions)

2.0 =9.8-tanf _Tﬁ -

Ll i -1[ 2.0
tand = 20 Statistics  Distribution tan 9.8
9.8 = Xy=0
20 Spreadsheet  Table  Equation 11.534620E65
6 = tan'lﬁ ~ 12°
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Seesaw Balance Level 2

A seesaw is in balance when the weights on both sides and their distances from the fulcrum satisfy a certain
relationship. Using this property, we can determine the mass of an unknown object.

For a seesaw made of a uniform board 6 m long, answer the following questions.

Seesaw I: The fulcrum is at the middle of the 6 m board.

(1) As shown in the diagram, person A stands at the position 0.5 m from the left end of the board, and person B
stands at the right end, making the seesaw I balance. When person A's weight my is 60 kg, what is person B's

weight mp?

Let the distance from the fulcrum to person A be I, the distance to person B be [, and the gravitational
acceleration be g.

The moments about the fulcrum satisfy the following equilibrium condition:

A: 60 kg B
myg X ly =mpg Xl - -
mAXlA =mBXlB

0.5m

60 % (3—0.5) =mgx3 S
BO0X{3—0.5)=xX3

=50k
mpg g = 50
L—R= 0

Seesaw II: The fulcrum is at 2.5 m from the left edge of the 6 m board.

(2) As shown in the figure, when person A (weight 60 kg) stands at position 1 m from the left edge of the board
and person B (weight: answer from (1)) stands at position 1.95 m from the right edge of the board, the seesaw II

is balanced. Find the mass of the board m.

Let the distance from the fulcrum to person A be l,’, the distance to person B be I3, and the distance to the

center of the board be . A:60 kg B
The fulcrum is located 2.5 m from the left edge of the board. o e
From the equilibrium of moments of force around the fulcrum, {m
r_ I \__/
X = X X
muyg Xl ' =mg Xl+mgg Xlp — L 95m
mAXlA’:mxl‘l'melB,
J0¢
60 % (25— 1) =m x (3 —2.5) + 50 x (6 — 2.5 — 1.95) BOX(2.3—1y=xx (3w
m = 25kg Efﬂ= EE




(3) When person X and person Y satisfy the following conditions, the seesaw II is balanced. Find the weights of

person X (my) and person'Y (my).

X's position Y's position
Condition 1 1.2 m to the left of the fulcrum 0.62 m to the right of the fulcrum
Condition 2 2.5 m to the left of the fulcrum 1.5 m to the right of the fulcrum
Condition 1 Condition 2
X Y X Y
[ ] [ ] [ [ ]
1.2m 0.62m 2.5m 1.5m

Fulcrum

Fulcrum

Let the distance from the fulcrum to person X be Iy and the distance to person Y be [y.

Condition 1

Using the equilibrium of moments about the fulcrum, we have

myg X ly =mg Xl+myg X1y

my Xly=mXl+my Xly

my X 1.2 = 25 X (3 — 2.5) + my X 0.62

1.2my = 12.5 + 0.62my
1.2my — 0.62my = 12.5

Condition 2

In the same way, the equilibrium of moments about the fulcrum gives

Solving the system of equations

{1.2mx —0.62my = 12.5

we obtain my = 44 kg, m, = 65 kg.

U | o ¥ [ |
{ 1.24 - 0.B2v= 12.5 x= ¥y=
2.9% - 1. 5y RN
12.5 44 ES

X's weight is 44 kg, and Y's weight is 65 kg.




(4) When person X and person Y from (3) ride on the seesaw II, find one additional position where the seesaw Il
is balanced, different from Conditions 1 and 2 in (3). Assume that X sits to the left of the fulcrum and Y sits to the
right of the fulcrum. Let each distance from the fulcrum be expressed in meters to two decimal places (i.e., whole

centimeters).

From the problem conditions, 0m < Iy < 2.5mand0m <[y < 2.5m.
my X Iy =m X |+ my X 1, Therefore,

44 x Iy =25 %X 0.5+ 65 X Iy

651y = 441y — 12.5

l 44 12.5
Y7 65% 65

Enter the above equation into the Table, then input values for Iy from 0 to 2.5 in steps of 0.01, and find the values

expressed to two decimal places.

oo

X+ |fhs A _44 12.5

+ i, ¥
Calculate  Statistics Distribution iz EEx BS

X¥=0

Spreadshect MENER Equation
Table R i

able Range = | fomd
Start:0 o™y | -0: 185
End :0.4 R R
Step :0.01

T | L
Table Range 1a| dhsa|olTeea
Start:0.4 15 0.54)0.1732
End :0.8 17| 0.56|0.1867
0.18

For 0.4 < ly < 0.8, Iy = 0.55, Iy = 0.18 meets the condition.
Answer

ly =055m, Iy =0.18 m (orly =1.85m, [y = 1.06 m)

$:Since the Table can hold only up to 45 rows, the range was divided into segments such as 0 to 0.4, 0.4 to 0.8,

and so on.

$¢Be aware that even if values in the Table appear to be displayed to two decimal places, moving the cursor may

e
show additional digits. E, fiad
14| 0.12|-0.104
15 0.14|-0.097
16  0.15 | EEDFE
171 0.16|-0.084
-0.09076923077
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Calculating a Car’s Stopping Distance on Show Level 2

On a given snow surface, a car traveling at a speed of v[km/h] began to slide
as soon as the brakes were applied. The distance d[m] that the car traveled
from the moment it started to slide until it came to a complete stop was

measured. The results are shown in the following table.

Speed v[km/h] 36 72 90 108
Speed v'[m/s] 10 20 25 30
Distance Traveled d[m] 13 53 81 119
Coefficient of Kinetic Friction u 0.39 0.39 0.39 0.39

Answer the following questions.

(1) Fill in the row “Speed v'[m/s]" in the table.
1000 m

v[km/h] =v X —— = % [m/s]

3600 s
Therefore, dividing each speed value v [km/h] by 3.6 gives the corresponding values of v'[m/s].

Using a scientific calculator, you can find the values as follows.

Method 1 (Converting each value individually)

T o |
ﬁ Lol M |36 Hyperbolic/Trig »
Statistics  Distribution Engineer Symbol »
= E& Xy=0 Sci Constants -
Spreadsheet  Tahle  Equation
s F | &
Area [ % Wmfsrkmm d6kmih*m/s
Volume -
Hass -
Velocity [ 10
WL K] & O K] & O K] &
72km/ih*m/s 90km/h*m/s 108km/h*m/s
20 29 30
Method 2 (Converting all values at once using the Table)
Enter “f (x) = x km/h » m/s” into the Table.
g R WL
X | ST flxi=xkm/hrm/s | T
Calculate  Statistics  Distribution 2 Z0
Xy=0 i el
Spreadzheet IEEN[E Equation 36




(2) Using the values of v’ and d, fill in the row for “Coefficient of Kinetic Friction ¢” in the table. Assume that the

magnitude of gravitational acceleration is 9.8 m/s? .

- Using u and the normal force N = mg, the kinetic friction force can be expressed as uN = umg. (m: mass of the

car)

- From the law of conservation of energy, the kinetic energy just before braking is equal to the work done by the

kinetic friction force while the car is stopping (kinetic friction force X stopping distance d).

Therefore,

1
Smv =pumg X d

v'?

# " 2gd

Substitute the values for v', d, and g into this equation.

The result can be calculated as follows.

WL R WO R &
o N | T
atisties  Listriuton 3 2 xg, 8x13 2x9, 8x53

= X¥=0
Spreadsheet  Table  Eguation 0.3924646782 0.3850596843
WL K] & RlEa IR ] &

25° 30°
2x9,8%81 2%9.8%119
0.3936759889 0.3858686332

(3) Find the distance traveled by a car moving at 100 km/h on this snow surface from the moment it brakes until

it comes to a complete stop.

From (2),

/2

. v
H= 2gd
iz

2ug

Substituting the value of u = 0.39 obtained in (2) into this equation yields

d~101m

Therefore, the stopping distance is approximately 101 m.

10

o [

(100km/hrm/s)?

2x0.39%9.8
100.9425613
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Gravitational Acceleration on Earth and the Moon Level2

Answer the following questions. Use the universal gravitational constant

G[N - m?/kg?] from the scientific constants in your scientific calculator.

(1) Find the magnitude of the gravitational force F acting between two
people, each weighing 50 kg, separated by a distance of 1 m. Also, calculate the force when the distance is

100 m.

o [ &
Gx50%50
Mm 5 0 21 50kgx50kg . 2
1. 668575 xw”
. 50X50 '
x
Mm 50 kg x 50 kg - GX——F
1.668575 %!

(2) Using the fact that the gravitational force mg [N] acting on an object of mass m [kg] on Earth is approximately
equal to the gravitational force between that object and Earth, calculate the value of gravitational acceleration

ge[m/s?]. Assume Earth's radius R, = 6.378 X 10° m and Earth's mass M= 5.972 X 10%* kg.

Mm
mge = GRQZ - l
R » 24
_GM — GIN - m2 /ko? 5.972 x 10%* kg 08 N/ke = 0.3 , GX(E 972 1DE)2
Ge = R—ez_ [ m/g]x(6_378><106)2m2~ .8N/kg=9.8m/s 6.378%10
9.798429967

(3) Similarly to (2), calculate the gravitational acceleration on the Moong,,[m/s?]. The Moon's radius

R,, = 1.737 X 10° m, and the Moon's mass M= 7.34 x 1022 kg.

Mm
"= Ry
o &
M 7.34 x 102 kg 7.34x10%
gm = Gz = GIN-m*/ke*] X oy qoeyr e ~ LON/Kg = Lom/s® B 10F)?
1.623686376

11



(4) Express the distance an object falls freely in t seconds as y, on Earth and y,,, on the Moon. Also, find the ratio

of the falling distances over the same time period.

Earth: y, = got? = - X 9.8t2 = 4.9¢2

2

Moon: y,, = %gmt2 =

. 49t%2 49
Ratio: Ye — = —

Ym  0.8t2 0.8

%x 1.6t% = 0.8t2

~ 6.1

6.125

~The distance an object falls freely in the same time is approximately 6.1 times greater on Earth than on the

Moon. (That is, on the Moon, it is approximately % times that on Earth.)

(5) Plot the two equations obtained in (4) on a graph with the vertical axis: distance fallen y and the horizontal

axis: time t.

Entery, = f(x) = 4.9x% and y,,, = g(x) = 0.8x? into the [Table] function on your scientific calculator.

oo
X A | [f(x)=4,9%°
Calculate  Statistics  Distribution
X¥=0
spreadsheet IEENE Equation
¢ [ o
g (x)=0.Bx* Table Range
Start:0
Step 1
SO0
Ed fima EL3
1 u] u]
2 1 4.9 a.s
3 2 19.6 2.2
4 k] d4.1 T.2
0 |eom 141

5 d

160[mI—

140[mH4

120[m )4

100[mH—

f{x) =495

g(x) =0.8x"

- 80[m]

600m1q

- 400m]

- 20[m]

[0

1[s] 2[s] 3[';\]

4[s] 5[s]

(6) Calculate the velocities of objects in free fall on Earth and the Moon after 5 s: v, and v,,,[km/h] respectively.

v = gt Therefore

Ve =0t =98%x5=49m/s=1764km/h v, =gnt=1.6%X5=8m/s=288km/h

g. BX5 © |laSmisrkmsn 1. BX5 i sm/sekm/h
49 176. 4 8 28.8
(Alternative Solution)
Find the slope of the tangent line at t = 5 on the graph above:
v, = f'(5) =49 m/s = 176.4 km/h vm =9'(5) =8m/s =28.8km/h
[ I - [ P ] a P [ o [
d_ 2 49misrkmih d_ 2 B8mis*km/h
gz 4927 4z (0-82°)
49 176. 4 B8 28.8

12
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Temperature effects on tank pressure and allowable pressure

Consider an air tank containing air. The tank has a volume of 12 L, and when the
temperature is 20°C, the pressure when fully filled is 200 atm. Use a scientific calculator to

convert the temperature and pressure units, and apply its built-in value for the gas constant

R[(Pa-m3)/(mol - K)]. Assume the gas can be treated as an ideal gas.

3 Note that the unit for R is [Pa - m3/(mol - K)], which is equivalent to [J/(mol - K)].

Level 2

(1) How many moles of air are required to fill the tank to 200 atm at a temperature of

20°C?

Given that the mass of 1 mol of air is 28.8 g, determined the mass of the air in grams?

To use PV = nRT, convert the volume V, Temperature T, pressure P units to[m?], [K], and [Pa] respectively.

V=12L=12%x10"3m?3

T =20°C =(273.154+20) K=293.15K
The scientific calculator has the constant t(= 273.15) built in.

Add this to the Celsius temperature[°C] to get the absolute temperature[K].

P |
t+20

Engineer Symbol »|Atomic&Nuclear »
Sci Constants @A ||Physico—Chem -
Unit Conversions»|Adopted VYalues »
Other 2|0ther > 293.15
+P =200 atm = 2.0265 x 107 Pa %1 atm = 1.01325 x 10° Pa
You can use the scientific calculator's "Unit Conversions" to convert [atm] to [Pa].
[ |
2001 Engineer Symbol » |G ] Paratn
Sci Constants  » [Energy oS o N
FDWE r s l\bf.flnfbkpa kPab\lb.f;lrﬁ
Other | Temperature [
N F | [}
200atm*Pa
20265000 = . o
(220265107 Paly(12x 10" 2.0265%10'%12x10
_ _ PV _ (2.0265x al)x(12x m’) _ Rx293. 15
PV =nRT,n = AT = R[(Pamd) (ol K)x293 15[k~ 99.77 mol = A[mol]
99, 77087259
~The mass of the filled air is A[mol] x 28.8 g/mol = 2873 g
o i
- f AX28.8
<:> E-0 F=0 Recall
x=0 »=( Edit
=0 2873.401131

$ Use the built-in value of the gas constant R available in the scientific calculator.

Engineer Symbol =

Sci Constants >

Unit Conversionse
Other >

Universal

[ 3
Electromagnetic » w
Atomic&Nuclear »I7
Physico—Chem >

o

8.314462618




(2) When a tank filled in (1) is placed in an environment of 50°C, the gas inside also reaches 50°C. To prevent the

tank from rupturing under these conditions, what minimum pressure[atm] must the tank withstand?

Assume the tank's volume remains constant regardless of temperature.

T =50°C=(273.15+50) K=323.15K

PV =nRT

b nRT _ A[mol] x R[(Pa- m®)/(mol - K)] x 323.15K
v 12 x 1073 m3

= 22338852.98 Pa

~ 220 atm

Alternative Solution

When the volume is constant, temperature and pressure are proportional.

[ 1
t+50

323.15

2 |
AXRX323.15
12x%107°

22338852, 98

U i
AdnsParatm

220.4673375

Therefore, the pressure[atm] can be calculated using the absolute temperature[K] ratio.

T:T'=P:P'
293.15K: 323.15K = 200 atm : x[atm]

vor [
X¥>0 g0 |AIB=X:D
Inequality  Complex  Base-W  |EYEEIEE 293.15:323.15 = EEED:
(B8 2
hatriz Yector

PR F |

¥

200 220. 4673375

(3) If the tank's allowable pressure is 250 atm, up to what temperature[°C] can the tank filled in (1) be used?

P =250 atm = 2.533125 X 107 Pa

o' [
250atm+Pa
PV =nRT
25331250
_ PV (2.533125x 107 Pa) X (12 x 10~°[m?]) — .
“nR~ A[mol] x R[(Pa- m3)/(mol - K)] Ansx12x107°
AXR
= 366.4375 K 366. 4375
[ | [
Ans—t
~ 93°C
93.2875
Alternative Solution
When the volume is constant, pressure and temperature are proportional.
Therefore, the absolute temperature[K] can be calculated using the pressure[atm] ratio.
P:P =T:T'
200 atm : 250 atm = 293.15K : x[K]
WO F
Xy>0 zgwe |AIB=K:D =
Inequality  Complex  Base-M 200t 250 = pREME: X
.
batrix  Wectar Ratio 293. 15 366.4375

14




A .

Energy Conservation and Horizontal Projection

Procedure:

Prepare a stand as shown in the figure, where a ball of mass m rolls down the

Level 2

slope from point A and is projected horizontally at point B.

1) Fix h and H, and investigate how the horizontal distance d traveled by the
ball during its fall changes when the mass m of the ball is varied.
2) Fix H and m, and investigate how the horizontal distance d changes when h is varied.

3) Explain the relationships in 1) and 2) using mathematical equations.

D) Relationship between ball mass m and horizontal distance d

mass [kg] my: my: ms: my:

distance [m] 0.31 0.31 0.31 0.31

0.31

Fill the ball’s mass measured with a balance in the table.
*The horizontal distance d is an exampleforh = 0.1 mand H = 1m.

The experiment shows that d remains constant regardless of the mass.

E) Relationship between height h and horizontal distance d

height [m] hy: 0.1 hy,: 0.2 hs: 0.3 hy: 04

distance [m] 0.63 0.89 1.10 1.26

1.41

*Example when h = 0.1,0.2,0.3,0.4, and 0.5 m

[Statistics], [2-variable], Enter height h as x and horizontal distance d as y, then check the regression line.

i
o i 1-Variable 2 hoz| d.es
Calculate Distribution 2—Variable 3 oz 1.1
s G| 137
Spreadshest  Table  Equation 0.5

®®

By default, a graph of the data points and the regression line is obtained.

15



Select the data in columns A and B, and select [Power Regression].

A B @©

h d
. o1 063 Statistics

) ) Linear Regression MedMed Line Quadratic Regression
2 0.2 0.89
2 03 L Cubic Regression Quartic Regression Logarithmic Regression
4 0.4 126 Exponential Regression abExponential Regression Inverse Regression
5 0.5 141

]

Sinuseidal Regression

Logistic Regression

Scatter Plot

b ALAS

¥y Bl:B5

Power Regression ’/

y=a-x L1
x: h
¥ d
Freq: 1 0.8
a= 1.998714605
b= 0.5012433684

more

05 h(

Based on the regression analysis,

the value of d is considered to be proportional to the square root of h.

F) Explain the relationships in 1) and 2) using mathematical equations.

* The horizontal distance d when the ball is projected horizontally at point B with velocity v is given by

* The initial velocity v, based on the law of conservation of energy, is

zmv2 =mgh
v=,2gh

* The fall time t, from the equation of free fall, is

Substituting (ii) and (iii) into (i): d = \/2gh X \/% = 2vVhH

Therefore, d does not depend on m and is proportional to the square root of h.

16



A0.

Pendulum Period Level 2
Check the following formula for the period of a pendulum based on the table and questions below.
%
T= Zn\/g T: Period([s] , I: Pendulum length[m] , g: Gravitational acceleration(= 9.8 m/s?)
*The equation is approximately valid when the angle of oscillation is small.
For this experiment, Keep the swing angle be 10° or less.
Pendulum 30 cm (= 0.30 m) 100 cm (= 1.00 m)
length e o
Nu_ml::esr of Ist | 2nd | 3rd | 4th | 5th | Average | 1st | 2nd | 3rd | 4th | 5th | Average
(1) | Timefor 1 .131106]109]11.3] 103| 109 |206|198]199]191|198| 198
10 swings|[s]
(2)| Periodisl 12 061 1.09] 1.13] 1.03| 1.09 | 206|198 1.99] 1.91| 1.98| 1.98
(Measured)
Period[s]
(3) (Theoretical) 110 2.01

(1) Measure the time for 10 swings of a 30 cm pendulum five times and record the results in a table.

Repeat the experiment using a 100 cm pendulum and record the results in the table as well.

Also calculate the average of the five measurements for each pendulum.

Enter the experimental results in the table above. (The values above are examples.)

Calculate the average in Statistics mode.

ol il 1-Variable
Calculate Distribution {|2=Wariable
= Xy¥=0
Spreadsheet Table Equation
* The Pendulumin 30 cm
] R
|
11,4 - = “ =24, 4
2 106 Statistics Calc Ewz  =592.54
3 10.9 T2y =0.1336
4 1.z T =0. 3319183585
11.3 52y =0.192
* The pendulum of 100 cm
] [
1 E-H =El 24
2 19.8 Statistics Calc w2z =1989,26
4 187 5 28395 soaoy
' 20.6 5% =0.283
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(2) From the values obtained in (1), calculate the periods of the 30 cm and 100 cm pendulums and fill them in the

table.

Divide each measured time in (1) by 10 to obtain the period for one swing, and enter the values in the table.

(3) Calculate the theoretical period for the 30 cm pendulum and 100 cm pendulum, and check that they are close

to the experimental results.

® Theoretical value of the 30 cm pendulum’s period

T=2 l—z 0.3 1.10
—7Tg—7T9.8~.S

This value is almost the same as the measured period.

® Theoretical value of the 100 cm pendulum's period

l ’1
T=27T\/;=27T ﬁzZ.Ols

This value is almost the same as the measured period.

I

]
0.3
27 |35

1.0983328426

Ry

2

]

1
9.8

2.007089923

(4) Make a pendulum that is as long as your height without a ruler and measure the period like (1).

Calculate your height (length of the pendulum) using the formula for the period of a pendulum

As in (1), measure the time for 10 swings, calculate the period, anduse T = 271\/5 to find the length L.

Example)

Time for 10 swings: 26.3 s

Period: T=26.3s+ 10 = 2.63 s

’l
£ 2.63 =21 |—
" los

l=1.72m =172 cm

So, the heightis 172 cm.

a
L

4
<

18
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XA Simul Equation _ %
Calculate  Statistics  Distribution Polynomial 2.63=2n 9.8

= Xy=0
Spreadsheet Table  [Es[EY

J0 I 1 S0

nter Initia _ x
Value 2.63=2r 9.8
x =0 x= 1. 7217029813
L-R= 0
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Fountain Design Level 3

1. Consider an object launched from the ground at an angle 8[°] with initial speed vy[m/s], landing at a horizontal

distance [[m].

(1) What is the vertical height y[m] after t[s] from launch?

Let the gravitational acceleration be g[m/s?], with upward taken as positive.

1
y:vosine-t—zgtz

(2) What is the horizontal distance x[m] after t[s] from launch?
Let the gravitational acceleration be g[m/s?], with rightward taken as positive.

X =v,c080"t

(3) What is the horizontal distance [[m] traveled before the object lands?
Use the identity 2 sin 8 cos 8 = sin 26.

At landing, y = 0.
1
From (1):0 = v, sin6 - t — Egt2

_ 2v,sin 8
9
Substitute into (2):

2v,sinf 2v.%2sinfcosf v,%2sin26
l=v,cos0-t=7v,cos0 X = J = 5

(4) Express the equation of the parabolic trajectory using (1) and (2). (Express y in terms of x)
Express y in terms of x by eliminating ¢t from (1) and (2):

X

From (2): t =

v, cos O

Substitute into (1):

— in@ 1 x 2
Y = v.sim v,cosf 2 ‘g(vo cos 9)
_ o g 2
y= tand - x 2v,2 cos? 6

19



2. Designing a Fountain to Reach 5 m.

(1) to (4) can also be applied to the parabolic motion of a fountain.

(5) First, you fire the fountain at 45° and observe that the water lands 6 m away.

Calculate the initial speed v,[m/s], using g = 9.8 m/s?.

From equation obtained in (3):

_ 1,2sin2x45°

6
9.8
o M i
6)(98 \EKEGE
v, = |— =V6X%X9.8~7.6681 m/s
sin90°
7.668115805

(6) Next, with the same initial speed in (5), find the launch angle 8[°] so that the water lands at 5 m.
Substitute [ = 5m, v, = 7.6681 m/sand g = 9.8 m/s? into (3):

_ 7.6681%xsin 26
9.8

5 Solve for 6 using [Solver].

* Set the angle unit to Degree and use a variable (e.g. A) in place of 6.
In the range 0°<B6<90° (0°<26<180°), sin 28 has two solutions.
Change the initial value (for example A=0° and A=60°) to find both angles.

WL

_7.6681‘%Xsin (dA}
o= 3.8

X |k T Simul Equation
Calculate  Statistics  Distribution | |Polynomial

=] Xy=0
Spreadsheet Table Equation

i i | T

Enter Initial c—7.66812Xsin(2A)
9.8
#%b = 28.'22152315 26, Al 29
oExecute L—R= 0 2 L sin26
= . =
Enter Initial _7.6681°xsin(2A)
= 61.77847685

DExecute L—-R=

w0, = 28.222°,60, = 61.778°

20



(7) Using the launch conditions found in (6), draw the graph in ClassPad.net and verify that the water lands at 5 m.
Substitute v, = 7.6681, 8, = 28.222°(or 6, = 61.778°) into the equation obtained in (4) and draw and check
the graph on ClassPad.net.

— o. — o g 2 — O, n 9.8 2
® (, =28222%y=tanb-x rvZcosio X tan28.222°- x 2076687 cos? 28227

— o. — e 9 2 — o, _ 9.8 2
® 0,=61778%y=tanf-x 7vZcosig ¥ tan61.778° - x 20766807 cos? 61775

ﬁWC‘f—\‘@an@)@&@m@

9.8 2

y=tan(28.222) - —————————
2(7.6681)” e0s(28.922) *

y=tan(61.778)x— — 2

2(7.6681) c0s(61.778)*

<Another way to make the graph>

Enter the two functions in [Table] and generate the graph via the QR code.

T F

@ Flxr=tan{28. 222+ [B{x)=tan{(B1.778):»

X (A
Calculate  Statistics  Distribution

x fomd L
2/ (0. 42921 .4308
3 2| 0.644(2,2359
q 3| 0.644(2.2359
5 40,4293 (1. 4906

Default Zoom

Auto Zoom

To adjust the graph range:

Stat Zoom

1) Click ‘zoom’ at the bottom left of the graph screen. Ly

Trig Zoom

2) Select Auto Zoom. oA ot

Zoom

1]e] o BB I & T
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A0.

Why Objects in Water Look Shallower

As shown in the figure, a fish is located at point P at a water depth of h.

Because of the refraction of light at the water surface, the fish appears to be at point

P’ at the apparent depth h'. To determine the relationship between h and A/,

answer the following questions.

(1) As shown in the figure, when light travels from point P into the air, write the
equation for the law of refraction (Snell’s law) using ny,qter, I, andr.

Assume that the refractive index of airis 1 and that of water is n,,4¢er-
Nyater * SINEL = 1"-sinr

(2) Express tani using handa in the diagram. Similarly, express tanr using h' and a.

tani=E tanr = —

=

(3) Using a scientific calculator, verify that sinx = tanx for very small values of x.

RlE . "'-LﬂIEI
X Lol A ||F{xI=sin(x) gl{x)=tan{x’
Calculate  Statistics  Distribution
X¥=0

spreadsheet IEENE Equation

[Eg _-'m__.l_u
% fima atx) = fima aim)

S/ s 0. 0371 (0.0274 S (O, 126d (0. 15383
E B0 1045 0. 1051 10 10(0 1726|0176
7 Flo1212|0.1227 i1 11 (01902 |0.19432
2 S10.1391 01403 5 12 12|10.2079(0.21235 E

The table and the graph show that S

sinx = tanx for very small values of x.

f(x) =sin(x) /

g(x) =tan(x)

O 90




(4) Using the results from (1) to (3), express h' interms of h and n,qer assumingthat i and r are very

small. In this case, you may use the approximations sini = tani and sinr = tanr.

Using the approximations sini = tani and sinr = tanr,
Nyater " SINL = 1-sinr in (1) can be rewritten as:

Nyater * tani = tanr

Furthermore, from (2),

a a , h
~h' =

Nyater * E = ﬁ

nwater

(5) Using the conditions in (3), when h = 10 cm and n,,4¢er = 1.33, find the value of h'.

Also, using the same conditions, find the apparent depth h’’ when oil with refractive index n,; = 1.47 is used

instead of water. Furthermore, compare the two and state which one appears shallower than the actual depth.

, h 10 cm (20| 'y o 'y
W= =g ~ /o 10 _10
1.33 1.47
, h 10cm
W= =gy Y68 7.518796992 5.802721088

~The apparent depth in oil is shallower than in water.

(6) When you look up at the water surface from underwater, as shown in the figure, the area outside a certain range

appears completely black due to total internal reflection. This makes the water surface appear as a circular window

(called Snell’s window). Determine the critical angle i., and then find the radius b of the window visible from a

depth of 30 cm (h = 30 cm).
Ngir =1 b :
I

[ —— VAL LN RS N]

AR R

From Snell’s law,

1.33sinic; = 1-sin90°

1
1.33

sini, =
Wevtzgr = laod

' in1 1 48.8°
L~ = SIn —_— = .
¢ 33

1_ -\.'L""IEI
sin*[

Also, from the figure

7.53)

48. 75346663

b

tanio = —

h

b=nh-tani, =30 cm X tan48.8° = 34 cm

i il
d0xtan{Ans)

34.21261926
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Relationship Between Speed of Sound and Temperature

Speed of sound in air: v =331+ 0.67 Tc: Celsius temperature [°C]

(1) Calculate the speed of sound v[m/s] at 25°C.

o
v =331+ 0.6T, = 346 m/s 331+0.6%25

346

(2) Convert the speed of sound v[m/s] obtained in (1) to speed in [km/h].

Level 2

{4
1

ki b 5 n/srkn/h ]

Area
Volume
Mass

Engineer Symbol »
Sci Constants >

nit Conversionse|
Other >

LA

¥

= &
Standard aAnsm/srkm/h
]

Improper Fraction

Mixed Fraction

1245.6

Another solution

s |

Ansx10 7 %3600

1245. 6

(3) The frequency range of sound waves audible to humans is 20 Hz to 20,000 Hz.

What is the approximate wavelength range of audible sound waves in air at 25°C?

v _ 346m/s

Using v = fA forZOHZ!A:I; m

‘348
30000

for 20,000 Hz : 1 = 2 = 34em/s
f 20000 Hz

=173 m

i

46

20

17.3 0.0173

(4) Complete the following table regarding the temperature dependence of the speed of sound.

W To[°C) Hi#Hv[m/s] 4504

307

(40355)

i 400 ! i
\ | (20,343)
313 ‘

319

325

331

337

343

349

355

=0.0173m



£(x)=33140.6%

byl Fixs
Calculate  Statistics  Distribution {2 £a2)
e B Define f{x)
Spreadshect EEELIENE Equation |IDefine g{x)
o @ e

Table Range Table Range i flad
Define f(x)/g{x)»| Start:-40 Asn| 3is
Table Type »| End :40 4 =y 33
Edit 4 Step :10 -40
it E fimd

=1 u] 331

& 10 337

7 20 2432

Bl G0 =449

3”4-}
Another solution
f (2 ﬁ e A |[F¢x)=331+0. B
g{x) Statistics  Distribution
Define f<{x) = Xy=0
Define g{xJ Spreadsheet Table  Egquation
£(-40) ] £C0) ] £¢20) '
307 331 343

(5) Thunder was heard 3.5 s after seeing the lightning flash. Calculate the distance

from the lightning strike location to the place where the thunder was heard. Assume

the air temperature is constant at
From (4), the speed of sound at 3
The distance sound travelsin 3.5 s

349m/sx 3.5s=1221.5m

(6) A bat uses the reflection of sound waves to determine the distance to an object. In air
at 20°C a stationary bat emits a sound wave, and it takes 0.116 s for the sound wave

to reflect off an object and return. Calculate the distance between the bat and the object.

30°C.
0°C is 349 m/s. (ﬁ'ﬁ...u, EX30)X3.5
econds is:

1221.5

Also, determine how much the distance differs when the air temperature is 40°C.
- From (4), the speed of sound at 20°C is 343 m/s.

The distance traveled by the sound wave in 0.116s is:

343 m/s x 0.116 s = 39.788 m.

This is the round-trip distance between the sound source and the object,

so the one-way distance is: 39.788 = 2 = 19.894 m.

- Similarly, the distance at 40°C is:
(355m/sx 0.1165s) =~ 2 =20.59m
~ The difference is: 20.59 m — 19.894 m = 0.696 m

343x0. 116~2

19.894
o K] &
3535x0.116+2
20.59
o @ &
Ans—19.894
0.696
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Relationship Between Sound Volume and Distance Level 3

Procedure:
A) Measure the sound level [dB] at 1 m from a sound source using a sound
level meter (or a smartphone app). Keeping the source output constant,

also measure the sound level [dB] at distances of 2,3,4, and 5m.

B) Using the following formula, calculate the sound intensity I at each measurement point:
I
B = 10logso —~
Iy

B:sound level [dB], I:sound intensity [W/m?], I,:reference sound intensity(= 1.0 X 10712 W/m?)
C) Investigate the relationship between the distance from the source and the corresponding sound intensity 1.

A) Measured Decibels (and calculated results of B)

Distance[m] 1m 2m 3m 4m 5m

Sound level

(1 80 2 74 (3) 705 (4) 68 (5) 66
[dB]

1 [W/m?] (1))1.0x107* | (2925%x1075 | (3)1.1x10™° | (4)6.3x107°° | (5)4.0x 107°

B) Calculation of sound intensity / [W/m?]

Calculate [ using § = 1010g101L
0

lo ﬁ
810 i 10

Lok

Iy

B B B .,
[ =1010 X [, = 1010 X (1.0 X 1071%) = 1010

- [Table), Define f(x) =1 = 1010 2

- Enter the measured sound level in x column and calculate the sound intensity 1.

WO [0
X+_ I.d]]:l m x fimy -F {x)
+ —
Calculate  Statistics  Distribution 3 g{x)
+— Xy¥=0 ; Define f{x)
Spreadsheet IMENENE Equation fi{x):None Define g{x)
- | 52
fexy=10" 2 7|2, 5uE
2 TO.5 | 1.1 %65
d BE|E. 3%
80




C) The relationship between distance and sound intensity I

- [Statistics], [2-variable], Enter distance for x and sound intensity I for y, then compute their averages.

™
X D | 1-Variable I -
Calculate Distribution 2—Variable 3 3| 1.1
Xy=0 s — et
Spreadsheet  Table  Equation 5

®®

00008

~0.000ds \
=0.00004 \

~0.00002

N

- Select the data in columns A and B, then choose [Power Regression].

A B ©
X ¥ . .
Statistics
1 1 1E-4 Linear Regression MedMed Line Quadratic Regression
2 2 2.5E-5
Cubic Regression Quartic Regression Logarithmic Regression
g 3 L1E-5
4 4 6.3E-6 Exponential Regression abExponential Regression Inverse Regression
5 5 4E-6 A - A - . .
— | ‘ Sinusoidal Regression Logistic Regression
6
Scatter Plot
|
x ALAS
. BlBS

Linear Regression

X ALAS |
y: BLBS
~0.00006
Freq: 1 \
a= -0.00002107 \
b= 0.00009247 -0.00004

v=a-x+h

Power Regression jo.oog2
y=a-x A
N———
b -4 x H 3 T : =
» v ‘ \
Freq 1 ‘ ) '
a= 0.00009984003528 ¢ B w B L & T ‘
b= 1008762028 § 00 s | o s

* Based on the regression analysis, the sound intensity | (y) is approximately inversely proportional to the square

of the distance x.
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Electrostatic vs. Gravitational forces: Which is stronger? Level 1

The motion of planets is controlled by gravity, and in daily life, we experience the effects of gravity here on Earth.
On the other hand, electrostatic force is often considered weak, but is that actually true? Calculate and compare

the gravitational and electrostatic forces between a proton and an electron in a hydrogen atom using the following

data.
Constants Symbols on fx-991CW Value [Unit]
proton mass m, 1.67 X 10727 kg
Electron
electron mass me 9.11 x 10731 kg
gravitational constant G 6.67 X 10711 N - m? /kg? o

Proton

hydrogen atom radius

-11
(Bohr radius) %o 5.29x 107" m
-19
elementary charge e 1.60x 107 C Hydrogen atom (1H)
Coulomb constant* - 8.99 x 10° N-m?/C?

*Since the Coulomb constant k = oo using the scientific constant (&,) in calculator gives a more accurate value.
TEg

(1) Calculate the gravitational force F; between the proton and electron in a hydrogen atom.

1.67 x 10727 kg X 9.11 x 1031 kg

m,m
F, =G6—2=2=6.67 x 10711 N- m?/kg? x ~3.6x107% N

ay? (5.29 x 10-11 m)?
o' & +o¢ [ &
MeMm _

GX—— 6.57%10 113.(&“&
g (5.
3.631535035xw?” 3.626179831xw*”

Using scientific constants on your scientific calculator Entering the values manually
(2) Calculate the electrostatic force F, between the proton and electron in a hydrogen atom.
By = kSl 2899 x 10° N - m2/c? x OO0 o t0e N
27 Va2 m*/ (529%x 10~ 11 m)2
S T a PN | 'y
I B (1.60%10]
B.99x107x "5 8.99%10 %~ -
° (5.29%107
8.240967725x8 8.224038685xw*®
Using scientific constants on your scientific calculator Entering the values manually
(3) Based on (1) and (2), determine which force is larger and by how many times.
e T | &
] 8.2x10°
F _ 82x107% 39 BN LA N -
From (1) and (2), B 3exio® 2.3x10 3.E6%1 u—q?
The electrostatic force is 2.3 x 103° times larger. 2.277777778x1039

$:From a macroscopic perspective, the positive charge of protons and the negative charge of electrons in matter

are equal, resulting in electrical neutrality. This makes the gravitational force dominant at macroscopic scales.

1
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Animal Vision and the Visible Spectrum

Level 1

The range of light wavelengths that animals can see varies by species. To explore these differences, answer the

following questions.

(1) Calculate the wavelength of light with frequencies of 9.1 x 10%* Hz, 7.4 x 10%* Hz, 5.8 x 10%* Hz, 5.1 x

10%* Hz, 4.6 x 10* Hz, 3.7 x 10'* Hz. Also state the color each would appear to the human eye. Refer to the figure

below and summarize your answers in the table. If the light is outside the visible spectrum, write “UV” or “IR.”

380-440 nm  440-485 nm 485-510 nm 510-565 nm 565-590 nm

590-625 nm 625-740 nm

UV | VIOLET: BLUE : CYAN | GREEN . YELLOW . ORANGE . RED IR
Frequency [Hz] 9.1x 10 | 7.4 x 10 | 5.8x 10 | 5.1 x 10* | 4.6 x 101* | 3.7 x 104
Wavelength [nm] 329 405 517 588 652 810
& Color uv VIOLET GREEN YELLOW RED IR
Human X v v Vv Vv X
(2) Honeybee v v v v X X
Hummingbird v N N N N X

To display the value in nanometers, press &), select “Engineer Symbol” from “Calc Settings”, and set it to “On”.

Calc Settings -

System Settings »
Reset (2
Get Started -

Input /0utput
Adngle Unit
Number Format

Engineer Symbol

Engineer Symbol?

COff

*Use the value of the speed of light c[m/s] from the scientific constants in the scientific calculator.

Press and make the following selections.

T K] [
Angle/Coord/Sexar (IS > || fi C
Hyperbolic/Trig »|Electromagnetic » o ;g
Engineer Symbol »|Atomic&Nuclear =i s
Physico—Chem > ite 2989792458
c :f/1 g E_:: | i
3.0 x 108 . 1x10™
' 329.4422615n|
o O I 'y
<€
c 3.0x10%8m/s 7.4x10™
405.1249432n




o [ I [

¢ 3.0x10°m/s

A=—-=—"__""~517nm - GREEN __c
f 5.8 X 1014 Hz 5. Bx1 u14
516.8835483n
2= 30x100m/s o YELLOW T e ) ‘
== ——— nm oo
51x 10 H —
[ 51x 107 Hz 5.1%x10""
587.828349n|
c 3.0x108m/s T m F z
A=—-=—""""__""+2652nm -~ RED c

T 46x10%H —_—
! ’ 4.6%10"

651.7227348n

¢ 3.0x10°m/s

= — - O o~ . I i | |
A= F =37 )10y - otonm < IR S
3. 7%x10"

810.2498865n

(2) Given the visible spectrum of humans, honeybees, and hummingbirds shown below, determine whether each

can see the light described in (1). If they can see it, mark v/; if they cannot, mark X in the table in (1).
Visible spectrum — Humans: 380-740 nm, Honeybees: 300-650 nm, Hummingbirds: 300-700 nm

Enter your answers in Table (1)

(3) Which flower color is likely to be least common among flowers pollinated by honeybees? Also, explain your
reasoning.
Sample Answer: It is likely that there are few red flowers.

Reason: For honeybees, red light lies outside the visible spectrum and is therefore invisible.

(4) It is well known that hummingbirds often visit red flowers to sip nectar. Explain why.
Sample Answer: Hummingbirds can perceive longer-wavelength light (red) than honeybees. Furthermore, since
honeybees have difficulty detecting red flowers and are less likely to gather there, it is thought that hummingbirds

frequently visit red flowers because they have fewer competitors.
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Current Limits and Fuse Protection in Parallel Circuits

Level 2

Electronic devices A, B, C, and D are connected in parallel toa 220V DC power supply, as shown in the diagram.

Each device is treated as an ideal resistor, and their power consumption is A: 45 W, B: 60 W, C: 85 W, D: 90 W. To

prevent overcurrent, the circuit is designed so that if the total current through the entire circuit exceeds 1.5 A,

the fuse will blow and stop the current.

fuse

(1) Calculate the current through device A when only A is used. (Assume no current flows through B, C, and D.)

The voltage across Ais 220 V. Using the power formula P =1V,

P W 9
ATy, 220V 44

J0
45

20

3

44

J0¢ [
45

20

0.2045454545

(2) When A, B, C, and D are used at the same time, determine the current through each device. Also, calculate the

total current in the circuit and determine whether the fuse will blow.

Since it is a parallel circuit, each device has a voltage of 220V. P = IV Therefore,

Pa  45W 9
AL =2a=5W
ATy, T 220V 44

P 85W 17
Cl. === =
Ve 220V 44

— =~ 0.20A

— =~ 0.39A

B:

D:

ID:_

_Pp_ 60W _ 3

T v 220V 11

Pp _ 90W _ 9

D~ 220V 22

=~ 0.27A

=~ 0.

41 A

The total current in the entire circuit is the sum of the currents through each branch.

9 3 17 9
ItOtal:IA+IB+IC+IDZE+H+E+Z:

11

2 ~127A

~The total current in the circuitis 1.5 A or less, so the fuse will not blow.

Jor [ [
=) 3,17, 9
ad 11 a4 22

1.272727273




Alternative Solution (Using the Table to calculate each current)

Let x represent the power consumption of each device, and let f(x) represent the corresponding current.

Spreadshect IMENIENE Eoquation

e T | g
o = b ® fomh
+=- i el Fimy=—2_ 1 5 | N
Calculate  Statistics  Distribution 20 z E0|0. 2727
== - 3 85(0.3863
xX¥=0 4 90| 0.404

9.44

lotat = I + 15 +Ic +Ip = 17 ~ 127 A

£(45)+Ff (B0 +F (85

1.272727273

(3) You want to connect an additional device E in parallel, just like devices A, B, C, and D, and use all of them at the

same time. To prevent the fuse from blowing, what is the maximum power consumption [W] of device E?

When device E is connected in parallel, the maximum current that can flow through E is

5

Since device E is connected in parallel, the voltage across E is also 220 V.

Therefore, the power consumption of device E is

5

o [ [

1.5-Ans

0.2272727273

#¢The value for Ans on this screen is the value for I;,.q; in (2).

o | &

Ansx220

a0

#The answer on this screen is the value of I

~ The maximum additional power consumption of device E that can be used is 50 W.

Verification

Use the fact that "total circuit power consumption" equals " the sum of the power consumed in each branch".

I T |
1.5%220

330

* Total circuit power consumption: P =1V =15A X 220V =330W

* Total power consumption of devices A, B, C,Dand E: 45W+60W+85W+90W+50W =330W

45+50+85+90+50

330

Therefore, we can confirm that the two are equal.
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Power Loss in Wires

Because wires have resistance, some power is lost during
transmission. The power loss Py,ss[W] in wires depends on the

current I[A] and the wire resistance R[(l] as shown below.

Pioss = I?R

et v

To examine Py, answer the following questions.

(1) Wires with a length [ = 3.0 X 10* m and cross-sectional area
A =25 x10"*m? were made from the following materials. Find the resistance R and the power loss P,

when a current of 5 A flows through each wire. Fill in the table below.

Material Resistivity p[Q - m] Resistance R[Q] Power Loss Pj,ss[W]

Copper 1.7x 1078 2.04 51
Aluminum 2.7%x 1078 3.24 81
Nichrome 1.1x10°° 132 3300

. . . ) l
The resistance of a wire can be calculated using the formula on the right. R = p X "

By entering the formulas below into the “Table” of a scientific calculator, you can calculate both R and Pjs.

f(x):R xl ><3'0xm4 H i laced with -
: = _——= — e * , . .
X pPXT=XX ey ere, p is replaced with x o Iefh
Calculate  Statistics  Distribution
g (x): Pjyss = I’R = 52 x f(x)  * Here, R is replaced with f (x). Sr%eet x¥=0
SO0 I S0 SO G
£ () =xx 3+ 0%10° g (x)=5°%F (2 i1 Fuss | "2aa| T
2.5x10™ AT i.ee| T132| z300
4| E—

By entering each value of p for x, you can calculate the values of f(x) andg(x) (R and Pg).

(2) Aluminum (Al) is cheaper than copper (Cu). Therefore, we want to make an aluminum wire with the same

length and resistance as the copper wire in (1). What is the required cross-sectional area A?

Ry = Rey
X : = X :
Pai AL = Pcu Acy
27><10-8><3'0x104—17><10-8><3'0><104 “ Ay~ 4.0X%107* m?
' Ag 25 x 10+ CAarE m
o |
® ST Simul Equation -£..3.0xX10% _
+ —_—
Calculate  Statistics  Distribution | [Polvnomial 2. 7x107x a -
A= 3.9705882xs%
Spreadshest  Table L—-R= 0




(3) As shown in the figure, assume that power P = 1.5 X 10* W is transmitted from the power plant at the
voltages listed in the table below. For each case, calculate the current I[A] and the power loss Py q[W] in the

wire, and fill in the table. The total resistance of the wireis R = 3.0 Q.

Home
Power plant | = E Wire Power load
| I IV/ L R |:R’
%
P(=1v) Poss (= IZR) = P’

Transmitted power

Power loss

Usable power

Voltage: V[V] (3) Current: I[A] (3) Power Loss: Py,ss[W] (5) Power Loss Rate: % X 100[%]
1.0 x 103 15 675 4.5
1.0 x 10* 1.5 6.75 0.045
1.0 x 10° 0.15 0.0675 0.00045

The value of the current can be found from P =1V as I = 5.

By entering the formula below into the “Table“ of a scientific calculator, you can calculate both I and Pj,.

P 15x10*
FO)l =0 =———

g (%): Pross = I’R = ()2 x 3.0

* Here, V is replaced with x.

* Here, I is replaced with f (x).

o i |
X by A |y _1.5%10° g{x)=Ff (x)’x3.0
Calculate  Statistics  Distribution X} = x
X¥=0
Spreadshect [MENIENE Equation
WO ]
x fimn aims
1 1000 13 ETS
2| 10000 1.5 E.TS
2 100000 0.15|0.0873
4| ——

By inputting each value of V for x, you can calculate the values of f(x) and g (x) (land Pjs).

(4) In actual power transmission, electricity is transmitted at high voltage before it is stepped down near each

household. Explain why, based on the result from (3).

i . . P _,.
When transmitting power P, increasing the voltage V' reduces the current [ = v This decreases the power loss

in the wires (P = IR).




(5) Calculate the ratio of Py, to the transmitted power P = 1.5 X 10* W (the power loss rate[%]) and fill in
the table.

Using the “Table” on a scientific calculator, enter the formulas below to calculate the values at the same time.

f (x): power loss rate[%] = % x 100 = ﬁ x 100 = Here, P, is replaced with x.
U | T
= ld]]: m x x iz
+ - ) | - = W 1 ETS d.5
Calculate  Statistics  Distribution Fixs 1.5x%10% 100 2l | 6.73| D0.043
= xy=0 H T
Spreadzheet IEENE Equation

By inputting each value of P, obtained in (3) for x, you can calculate the values of f(x) (power loss rate).

(6) Under the same conditions as (3), find the transmission voltage required to make the power loss rate in the

wire 1%.
Ploss_oo1
P
12R—001
T_ .
P 2
(v) R

5 =0.01

2

(—1'5’;104) X 3.0

TEx 107 =0.01 ~V ~2121V

SO0

Al | o Simul Equation 43¢

Caltulate  Statistics Distribution | [Polynomial [%] X3
Xy=0 7—=0.01

Spreadsheet  Table  [JsES 1.5%10

[ v [ I i |
Enter Initial = 110. 493263 |L -4 J ”H=IJ 01
Value L-R= 3.B75877659 1.5%x10° .
x =0 | x= 2121.320344
oExecute Exit L—R= 1]

In this example, if the initial value x = 0 is used in “Solver”, the solution may not be found in one step. Pressing

“Continue” will allow “Solver” to find the correct solution.

The value of x obtained by “Solver” is stored in a variable, so you can calculate the left-hand side as shown

below to check your result.

oo [
[k A 4342
Statistics  Distribution [ %] *3
=z X¥=0
Spreadsheet Table  Egquation 1.5%10* 0.01
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Comparing Nuclear Energy to Everyday Energy Use Level 1

In a nuclear fission reaction, a mass defect of 0.50 g occurs.

(1) Calculate the energy E []] released by this mass defect.

Use the speed of light ¢ = 3.0 x 108 m/s.

| i

) 0.5%x10%x(3x10%)*
E=mc?=0.50x%x10"3kgx (3.0x 108 m/s)? = 4.5 x 1013]

4.5x%1013
*If you register this value as follows, the following calculations will be convenient.
& =0 B=0 Store =0 B=0
=0 D=0 =0 D=0
F=0 Eg??l 1 = F=0
x=[1 2= 1 w=0 »=0]
Z=[1 Z=(

(2) If one full charge of a smartphone is 10 Wh, how many times can you charge it with the energy from (1)?

*1 Wh = 3.6 x 103 ]

10 Wh = 10 X (3.6 X 103) ] = 3.6 x 10%]

] &
Number of charges L{l
- 7 9
36x 10t~ 2o x 10 1250000000

(3) If the average household electricity consumption is 200 kWh per month, how many households can be
powered for one month with the energy from (1)?

200 kWh = 200 x 103 x 3.6 X 103 = 7.2 x 108 ]

o [ x
E
Number of households
7.2%10°"
45 x 1013 ] 4
72x108) 025 %10 62500

(4) How many hours cana 60 W incandescent lamp be lit with the energy from (1)?

*TW=1]/s
60 W = 60]/s ﬁ
4.5x1013] 7510 s — x D) X

60]/s E Adns—+—3600
7'Sx—lonszz.lxlogh 7

3600 s 7.59x%10"1 208333333.3
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Half-life and Radiocarbon dating Level 2

The nuclei of the atoms of some elements sometimes emit radiation and b
transmute into nuclei of atoms of different elements. The time it takes for

3
S

the number of nuclei of the original element to decrease to half is called the
half-life. Letting the number of nuclei of the original element be N, the
number of nuclei remaining after t years be N, and the half-life of the

a
3

element be T years, the following relationship holds.

Percentage of sample

w2
&

£ 126 -=-=

T A :
N =No x (E) T, 2T, 3T, 4T, 5T

Half lives

@
9
&

o

(1) For the element 23Pu (plutonium), which has a half-life of 24,110

years, what percentage of the original material remains after 100 years have elapsed?

_100 Vo [ .i.
24,110 ~ 0 100
) 0997 .~ 99.7% [ 1 3

2
0.9971291922

(2) For the radioactive element 2C (carbon), which has a half-life of 5,730 years, after how many years does L
6 16

Since N=N, X G)% , Nﬁo = G

of the original material remain?
t

Since N=N, X G)F ,

1 1 5,7—t30
RNozNox(z)

. X |dn ST Simul Equation
1 _<1 5730 Ealn:ulate Statlstlts Distribution § (Polynomial
-6

X¥=0

16
t Spreadsheet Table  EEs[TEi [y
1 5,730
66
2 Enter Initial 1 _(1) ™
=4 Value ﬁ_[i]

x= 22920
#t=4x 5730 = 22920 years oExecute [Nl 0

(3) Measuring the amount of 2C contained in a wooden artifact discovered in
ancient Egyptian ruins, it was found to be % that of the amount (abundance) of
11C in the atmosphere. Assess whether this artifact is from ancient Egyptian

times. *The abundance of 12C in the atmosphere is steady across time.
t

Since N=N, X G)F ,
t

11

1\5730 o
EN0:N0X<§) [l] 5_."3|:|=1_
1w _ 1 N 715. 2919543
(2) 12 L—-R= 1]
<t =719 vyears

~ This artifact appears to be much more recent and is therefore unlikely to be from ancient Egypt.
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Simulating Radioactive Decay with Dice Level 3
Treat 200 dice as radioactive isotopes. Assume that any die showing a 1 ' R
undergoes radioactive decay. Use the following model experiment to verify /‘
how the original number of radioactive isotopes decreases. (. ‘ - ’:._:
L Sy
Experiment - . ’ #%v '

® Operation 1 (1% attempt)

Roll 200 dice (Ny). Remove the dice that show 1, and record the remaining number of dice as N;.
® Operation 2 (2" attempt)

Roll the N, dice. Remove the dice showing 1, and record the remaining number as N.
® Operation k (k™ attempt)

Repeat the operation similarly, rolling N,,_; dice each time. Stop when the number of remaining dice (N) is

25 or fewer.
(1) Complete the following table with the experimental results.
k 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14
Numberofls | 0O 34 | 29 | 24 | 19 | 14 | 13 | 12 | 10 | 8 7 7
Ny, 200 | 166 | 137 | 113 | 94 | 80 | 67 | 55 | 45 37 | 30 | 23

Rolling Ny, dice can be replaced by performing N, attempts using the [Dice Roll] function on a scientific calculator.

[B8 12 sHulll=Dice Roll

batriz  Vector Ratin  ||3Coin Toss
B

hdath Box

Operation 1

[or | i

Dice :1 =/ Result TypPe e | ATtEmpts|  Number of 1s:34
Attempts I | List z| HEE o0.19/200

Same Result :O0ff» iE| i Ny =200 —34 =166
DExecute 0.17

Operation 2

bic 1 Result T sun|FeaafRel Fri Attempts| Number of 1s: 29
ice : » Result Type 1 (P EMPtS umber of 1s:
Adttempts B List 3| Lleees 166

Same Result :Off» i A R Nz =166 — 29 = 137
OExecute 0.1746987952

Operation 3

R g

Dice 1 » ||Result Type SuTFm Attempts| Numberof 1s:24
Attempts REYD List z| =|0.1897| 137 Na = 137 — 24 = 113
Same Result :Off» ] 37 -
oExecute 0.1751824818

Repeat this operation until the number of remaining dice is 25 or fewer.
*Note: In the above example, “Same Result: Off” is selected on the Dice Roll input screen, but data from #1 is

actually being used.



(2) Using the table from (1), plot k on the horizontal axis and N;, on the vertical axis to make a scatter plot. Then

find the regression equation.

In Statistics > 2-Variable, input the values of k in the x column and the values of N, in the y column.

0]
bl [l =T 1-Variable .
TG Statisticc RiAgRlZ2—Yariable -1? 1 ?EE
iz Xy=0 I B
Spreadsheet Table  Equation 0
0]
2-Var Results y=a+bx+cx= ¥=a-b7x
Reg Results M| [v=a+b-*1ln{x) E=5D32§333%§128
Statistics Calc »| |[y=a-<e”~(bx) r=-0. 333026121

In this experiment, the probability of gettinga 1 is %, and the probability of getting any other number is g.
Therefore, after the operation k, the number of dice remaining is expected to be N, =200x (g)k. Thus, we use the

equation y = a - b* asthe regression model.

To plot the scatter diagram and regression equation, return to the data input screen and generate a QR code.

o
b k-
1/ - 200
2 1| 166
3 2| 137
4 3 113
0
aa
Scatter Plot
X AlA12
200
¥ B1:B12
abExponential Regression 150
y - b'
x  ALAI2
y.  BLBI2 100
Freg: 1
a= 203.3934231
b= 08258020428 20
re -0.9990281212
[
P o= 0998057187 X
MSe= 0001019756203 0 2 4 6 8 10 12

= The regression equation is N, ~ 203 - (0.83)%



(3) Using the regression equation, find the approximate number of operations needed for the number of isotopes
to decrease by half (100 isotopes). This value is called the half-life T

Calculations using the regression equation can be performed from [Statistics Calc].

0]
] 2—-Var Results y=a+bx+cx=
} P fee Reg Results | lwv=a+b+1lni{x)
: F{ I y=a-+e" {bx)
1]

Enter the value of y (100), and then use the X function to estimate the value of x.

]
1001 Summation -
Func Analvy¥sis | Mean/Vari/Dev -

Probability | |IMin/Hax 2
Numeric Calc Al Regression -
]

a b 100%

r F 3.709358678

¥

~ The half-life T is 3.7

Furthermore, this value can be confirmed to match the value read from the graph as follows.

i i
200
150
i \ \\
| \K‘a\\
3.7v | X
0 2 4 6 8 10 12

k
Substitute the half-life T and N, = 200 obtained in (4)(3) into the half-life formula:N;, = N, - (%)T
Verify whether the result matches the experimental data whenk = 0,1,2 ---.

k

N, = N, (%)g =200- (%)3'7 Verify this in the table.

Jo¢ [ Jor [
X++_ % : ® fimd
Calculate  Statistics  Distribution 'F{x}=2EIEI>([l] 7 2 1|183.82
X¥=0 2 4 Z11a.00
Spreadshect IMETIZEM Fouation 200
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