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The measurement of gravitational acceleration(=g) using the simple pendulum

Review: Answer the following questions
Al

Q1 How do you say the amount of velocity change in 1 second?

A2

Q2 How do you say the acceleration that occurs when you drop objects from the top of the Leaning Tower of Pisa?

A3

Q3 Which is larger, gravitational acceleration at the Equator or at the Poles?

A4

Q4 Represent gravitational acceleration(g) by using the formula for universal gravitation.

Q5 If you go to over 6400km from the surface of the Earth, how much smaller will the size of the magnitude of gravitational acceleration become in

comparison with its value at the surface? A5

A6

Q6 Write down the formula for the period of one swing for the simple pendulum.

Q7 Choose the length of the simple pendulum. Please circle it in the diagram.

Equipment: Piano wire , Bowling ball , Stopwatch

Experiment: Measure the gravitational acceleration using the simple pendulum. Bl / -
Method: ( m
' Ny

1. Measure the time that the simple pendulum goes back and forth 10 times.

2. Determine the period(=T) by dividing the time it takes the pendulum to swing 10 times by 10.

3. All members of the group perform the same measurement, and discard the smallest data and the largest data, please average the rest.

Results:

Name The period(=T) T (Average of the period) =

L (The length of the simple pendulum) =

g (The calculation result of gravitational acceleration) =

Exercise: Derive the formula for the period of the simple pendulum

Impressions:

p O L
4 1270 =
A ? ! ,:}/ﬁ r \\‘t‘j.;’
13 Q A /)K( %
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e N é_/
Name( ) Class( ) Number( )
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The Law of Conservation of Momentum

Purpose To confirm that momentum is conserved before and after a collision
Hypothesis Momentum wiill be conserved

Apparatus and materials Two toy carts (with Velcro tape), Recording spark timer (10Hz),
Recording tape, Ruler, Weight (1kg), Scotch tape

Procedure
You haveto
tope
recording oi:”e.‘ ht welght cath cort /
i ey J/ Vd("”“f{ o
 m [ e
P

l \?eoowhnq Pimer I

Fig 1

—

. Measure the mass of toy carts (A&B) and weight

2. Load each toy cart with a 1kg weight
Their mass is called ma and me respectively

3. Put scotch tape on to the recording tape and pass the recording tape through the
recording spark timer

4., Let the recording timer start and let toy carts collide head-on into each other

5. Measure the velocity before and after the collision using distance of 5 sections

7, Change the amount of weight and do experiment again

P’ P a &
. .\N - '\/ L o0 w a8 & s 0
TSI TR Thohths

{Before collision) (After collision)
Fig 2

Result
{Before collision) {(After collision)

Name malkg) | meke) | Qalm) | valm/s) | mava | kslm) | wem/s) | (marme) velkem/s)

(kem/s)




Name 01 | 02 | 25 | 04 | 05 | Average | k1 | ko | ks | ka | ks | Average
QA kB

Conclusion

1 What are the meanings of mava. and (ma+me) w?

2 Calculate | (ma+me) v —mava | = mava X100 (%) .

3 What does the result of 2 indicate”?

4  |n Figure 2, why didn” t you use the data between Point P and Q ?

Impressions

Class () Number () Name ( )

30. EFEXRTFADORER CETEER) BCELMEDED)
[ The Conservation Law of Momentum.|

ASBERIC, RETFEUR (BEEMERDER) D'E<EHRITD. ZOEHCONT, BELESTREET
RBEDTENARUDTHD, RELTEREZDLDBEETZI DDONZEZITDINNSBRNTNS, COIRKII.
BERDEICEEDENRNENDRIRTHDD T, BORDSZTIERDOTEZNSIDICHICEEZE
ARTD. COBBOLICRBZEEBNCD., COBLETSIYIVA—EINT L. BHEDKDICESHDF
[CERDKXDICHN D,




31. EFERFNN— (ERRER)
[Conservation of momentum Car J

O-35—-RT—rZB\WTEZWI &, BB UIERIE
AERITEIREICIED. NN—D3D ~CEdHsnZ
ASEREMSE, 2R 2B UIERIFATRICED. CO&
NEREFN—IE. ERICEFHSNICHEKEERSICRIIIC
ETZORIEAZZITCRICED, FHZEBICHDES
N. FEBICIBINBEOZESE. FEMEERNBICFR
S5NEEHDENERITDE, FEBICRDCENTE
2.

32. BMARDFRE « DVINDY RTEM (BREER)
[Coefficient of Restitution.|

BEIJ [ZeeBeeZ] £\ DOBE®RT. HDISNHEBEE
TESEdE. RAFTHNRLEND, ERIDEREBOEENESR
DIRRET. TLAOARBRZZR UZDOHNEDEBDIRRETH
D, PRODFHZLICUT. KEZRDEZHICD UDERZE
S52TEEERSEDE. NMICHEIEEICERLUZIAD
AEDTTICRDEEICNZIB L. RIDDESKDENCERE
. THWRLENDIEHEH THD.

A=/N\=N=)LENRT A FIR=ILEZNZNFDICD>TES L. X—/\—h=)LZTRICLT 30cm [F&E
BBREERSED, NT—EMQESZE. /\RTA FR—=)LDFINENDTEDP T EROEER L, 2/NDY R
BTNMLETESY Y EIEFED,

33. BMBRDFREMODAE (R

'Parabolic Motion and Coefficient of Restitution

EREBOHUL LT, EVRYKRZBHZ RO, KERAELERHDRASERIQURIHFZIBEERZ I D. T
OMEZETOI T O —ZFE>TRRICET I D, BEDERIVEDICLUT, —EBEROIFHCECR—X
L. EVARYEKOMEZEF 3 —DTHZEDITD, DYDY FEDRERh1 &0 Y—/\DY FEDEROHH
5082 Z2RBRETAY v —ZRNAET D. RERDESOLE. BEETOBEEKERNDEEEE
NoFe=y (hza/hi) &BD. TYNDY FIDIEOFREEE t1 & Y—/NDY I IEDHZEEE t 2
ZNDEe =12/ 11 THDCETEDDOOND. TVINDTY R I DIBDKERENREE X1 & Y—/NDY R
I DEDIKIEFEENEERE x 2 ZLENDE e = x2/ X1 [C[>IE5T MEEYRYVEKOBICEERDE U2 ENRIR
TED,



34. IO>RUMN—IL (K8
['Stacked Ball Drop

HdESKD, BHHBZRDIDICERIEDE, HLETHE
RIRD, —BEDOINSIZRR—/N\—R—)UFHZEDRHFT TR L
N'd, TRIF—REFUDTSWONTCDNDXRDICREDERE
BTHD, I3 DOMR—ILOMBIRILF—DHD. HIC
EHRUIZHE., TD 2 DOM—)UILFEAERRENSEN, D
FO 3 DOM—)LDORIBIRILF—D—EDEZRDIRENDND
AN EODIRIVF—E—BLONR—ILOEEBTRILF—LE
Do




35. FEMAESDERER (EFERER)
['Uniform Circular Motion.

Uniform Circular Motion

Bf) SRMERNTDIMACE<@NIELERD¥E. OIsERIEDBERZERB D,
¥fE ASRE. TR BLIA 8D (Dyyv—). AbvTOxvF
KB 1 QEn¥E (r) CAE (7D ORERIEEDSRDCSDON?
s REVDEEEF—FICTD (BED.
cMDOEKDIC, SBUIAZKIBATERMEESED, COEE. Ok
¥EDN—FICRENTNDDEDDNDNDDXRDIC, TCRICREDEDT
TR, MAZH+O. QIS TZNEOE™E ¢ (s) ZEIET D,
- [ARRICEER¥ERE r 2B ZTIT D,
XEE2 @hh (A EEE (7)) ORRIEEDRDDIESDN?
- OEFRE—FEICTD (B80cm)
cREVDESZZZT (3@, 61@8. 9@, 121@8). QExbEE ¢+ (s) ZRIETD.
Al RNANSEER 1. B2 DRBREZFALTHEKD,
@amhh F=

B 7=

20KD w EEEIDE

BEDOEBEEZEES
O RET R E=
fi5gR
S r (o) 20 30 40 50
t (s)
7 (s)
72 (s)
REVDDE=Z BE) M= MRDES m—= OE@E N=
=85 2
F (kew) (3@ (GRED) (CRED) (2@
t (s)
7 (s)
72 (s)
1/7 2(s-2)

Q##E r=30cm  MEOBEm—=_______ [OE0DE N=



R

=81 DTS20
T(s) . . T?(s2)
} 1
0 10 20 30 40 50 rlem) 0 1 2 3 40 50 rlem)
EER2DT35D
1(s) (s 1/T(s)

t g - ;
= 3 T E
= o
0 20 40 40 7 0 IR 0 v /00 0 20 40 60 50 Jou

Flgw) Flgw) . Flgw)

1. B DISINSEDRDBTENDNBDN.

2. ER2DISINEEDRDIBRIEDDNDD,
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HHES% % (Correlation coefficient)

1. 7 —FHONEHE £, § &RDD

_ Xp Xyttt Xp 1 T Xy _ Vit Yottt Yp1t

(% : 7= FHExDIBAOT—F (i=12,..n), y;: T —FHyDjEAOT—Z (j=12,..
FER 1

7(ecm) (BAF r=x) T2(s) (LLF T2 =y,)

FElk 2

F (kgw) (LL'F F =x,) 1/T2 (s7%) (LLF 1/T? =
3’2>

2. HT—& LYHEDFE (FE) ZRKdDD
xi—x(i=12,..,n) yi—y(j=12,..,n)
EER 1

X1 — X1

Yi—W

Xy — Xz

V2= Y2

3. WD 2FOVIE (430 Sz, S5 &K D

_ im0+ G =X 4t (a — 0P+ O — D)

S2 -
2 U= G =)t Ot =9+ O — )
Y n
FEhr1
(1 —%7)?
(1 —y)?
2 2
Sx1 SJ/1 -
2
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sz SJ/Z -



4 HBOEOTHR B S, S, ZRD5

Sy = S)%

Sy, =

2

5. 2 00T —HHORAEDHEDFEME GL5THD Sy 2KDD

Sl
X=X
Yi— V1
(1 =%)( — ¥1)

Sx13’1 =
F2hk 2
Xy — Xz
Y2—Y2
(x2 =%2)(¥2 —¥2)
SXZ)’Z =
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Uniform Circular Motion

Purpose To observe the relation between centripetal force and rotational radius / rotation period

Hypothesis Let’s predict experimental results using formulas

Formula of centripetal force F=
Formula of period 7= | |
If you clear the w from the two equations

F=

When the mass of the weight is not changed, 7 2 is proportional to .
When the rotation radius is not changed, 1/ 7 2 is proportional to F.
Apparatus and materials A glass tube, Kite string, Eraser (as an object),
Washers (as centripetal force), Stopwatch
Procedure
Experiment 1 (Relation between 7and r)

+ Connect five washers [,’,‘C*:/.:l
+ As shown in the figure, rotate the eraser in the horizontal plane +2AE—]
+ Keep the rotation radius constant by paying attention to the
mark attached to kite thread
* Measure the time that it takes the eraser to rotate 10 times e
* Change the rotation radius and do the experiment again
Experiment 2 (Relation between 7and F)
+ Keep the rotation radius constant (30 cm)
+ As shown in the figure, rotate the eraser in the horizontal plane
* Measure the time that it takes the eraser to rotate 10 times

» Change the number of washers (3, 6, 9, 12) and do the experiment again

Result
Experiment 17~ ) 20 30 40 50
t (s)
7 (s)
72 (s)
Number of washer (5) M= Mass of eraser m=
Experiment 2
F (kew) €CX &) (6 1@ €SXEiD) 12 @&
t (s)
7 (s)
72(s)
1/T 2(s-?)
Rotation radius =30 cm Mass of eraser m=
Conclusion



Graph of Experiment 1

T(s) . . T?(s2)
; :
0 10 20 30 40 5 r(em) 0 1 2 30 40 50 rlcm)
; Graph
of Experiment 2
1(s) (") 1/T(s)
1 H T
H "i' : tHH T E
- - -4 <:
. -
0 2 4 4o 10 I B 0 A0 Go g0 50 700
Flgw) Flgw) ’ Flgw)
1. What can be learned from the graph of Experiment 1
2. What can be learned from the graph of Experiment 2
Impressions
Class( ) Number( ) Name( )



36. TTS5—0% 3 EADRER (ERERER

INASA Efgd SEEC2021 TT IS5 —D1E 3 ERIDEERDEIH
ICDNTHRERLTEFE UL

(775 —m% 3 BRIDARESRER |

DO BICKDIRBEIC, OEDRSE. OEn I DIMAEDEBE. VEESIKREVDEEZ
ABRBEONGHERLE, BEES. ABNORTDOBIINDOLICREDRIICTDE. T TS5 —DFE 3 EL
ZERTEDERNDTETDDTRRBRINDEBZ TN, B&LDEZDI. NASA N'SET D SEEC (FHEH
BICHMBIDCHDTI—0UY3vT) 2021 ICHIFTDIEHARKREZ JAXADNERELTNDCEEZRD, RNT
SREERZITUN DFENCEZEDODME UTHE, 2L T 2021 FOBARRRICEEB NI,
BREROT—IDD, MITHEREIRDIRL,. HIKDOBE(E 100g #&¥E%Z 45cm. HBESIH270g &L
2o TNICKDKEE D553, 17.4cm. 99.1g. NEIF 10.7g. 685cm. 125g &ixo2, KEFXTE
BRUICD DIZNN COLTIE. AEEE 31800ke. #BHE 430cm. 3180g E8DBHESHIT, EHRIC
COBETERERLUTE. KEDOREGFBEESHH TR, FICTNEDRERFID > < DT, Bim/kAH#RD FIC®
>TCULEDoIC.

BOESHT. HEKOFEDDEEDRE X ZHIREZEOEICRE. RNEIrSE2,

REIF, BB T TERUIZ, BBSIANLCIELDIREDIE. SHEDVADIHBERVNCH. LEEN SHKEK
NFYIER) [CEEUL,

AREERCIE. NEORGERDIE. BHERD FICTRDICH. EEBREERD TSRO TIFIRNDEN DRI
= 2=yalis VAN AN

EMT, MAOBREZw(rad/s) ETFDE. MEEDEFNIFZNICKD
mr w?sin® =Mg sin 6
w=yMg/mr &EIXD. wld6ICHEFLZLN,

EI2U. ERICEELTCHDE. NEDRE TIERDFEDDNSL, ZNICL
NDEANSREERDEBRDDZENKEN, BDZEDITROME THEEZ
I SBREDEICIBAELDNDT, REOHEZHICTVTFIFTTIHINK
b

TIS5—0% 3 FADRLEDED. KEDREDRSVEEDES, NEON
DESVEEDESZEX TS D, T, TV LI TORBRWEDITESS
SCENTED,

M TE, NEEFREOHDDVNEHDR, TSRE. BBESIDDREDEHSH U

3 DBREOHIZT Y FUTHTINEKN,




TIT5—-0%E 3 FDRER

B8 : ZHREFDOERBZZMA LT, TITS5—DF 3 FRINEUNCEETERT D,
i | FEKGRED) . 10K, BEDERK. ASRE. AbyTDxvF
KERTIE ¢
1 ROBNERFR ZEIC, MKOBE%Z 100g. NE&IHEE 045m. ABHLSRITDIHESINZE
270gw EUIZEED, OBENES. NEEFE. BBIINERDD, LCEUBRE XD, HIREERE
DPENECHD. BEPHEKOFDTHDIERET D,

mass(x 1021kg) |Revolition radius(* 10*%km) |Universal gravitation (N)
Mercury 330.2 5790 9.85x 10'GM
Venus 4868.5 10800 4.17 x 10°GM
PlanetX 2986.8 12880 1.80 x 10.GM
Earth 5973.6 14960 2.67 x 10°GM
Mars 641.85 22790 1.24 x10'GM

G:Gravitational constant M;mass of the sun

¥

mass(g) |Revolition radius(m) |Universal gravitation(gw)
Mercury | 5.53 0.174 99.1
venus | 81.5 0.325 422
PlanetX 50 0.388 182
Earth 100 0.45 270
Mars 10.7 0.685 15255

2 EOLSIC. HSREEMBICES. $IDRICDINTH

BAGHRON(RY Y HTREHSD UHDHF TN D) b
ABE&SEHSRED FEE—BTBLSIC, s W
KEBANTEEESSE D, AODACSHINSE
NEDISEET S, HOMBMEEDS SAALDT =
3N ZETZFTURS<OEERITD, CDE
= FRACHNTENGEL, Deg. DEseT  Claret
WBADTELDAD Y FEF, (E—N25— b,
1, 2, =) 10 BEICHDBEEERIDANZ v T Fishing th m:j
M v FTHET B, "
PD2ENEBEGL, AZ<BOREDALHEERR
E175,




BR . MDOXVIN-—DRIERGRE 10 TE>I2EDZEFIETT D,
TORODBREDEER 7. BHAD 25 72, RNEFERD 3 F a3&7THIT D,

TE BER T YNTCSEER R 7=

RODT—HEIIRIVICADU. a& T?OBIBNEED, TUYEPDORUTRICEDIESL,

E8  DBESINDFER EMRERDERHRAN ST TS5 —DFEIFENESIT,
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37. N\BEARARKER CERRE (AR

Mhe Bed of Nails
Mhe Bed of Nails
[The Bed of Nails 1992

RAEFEALTNDIFUIE TOOFWA 1.3mm ERTH 3000 X, EOIFWAHRFLL
#3 1500 AT BNITCEDTH D, MROIFWIEEDIFEERL TV, HFUTLE DL
EHRATYUVRADFICEE UL, \IV—I325kg T BEKDABEODEDZEERBLTND,

= RBEDDLEIC, BERXTOvDZ2BOED

N BICEBZEFEIBNEENICILED, 7
Ov D DOWHDEESICEZE SRR DICT DL D IRNMUE
THd.

1. JFUWICHRETIIDCERJTERNA, BRPZEDIITE
DCEEFTRETHD. CNIFADBREZNSTERODEDE
TRZDE ENNDKRELBEBDCHIITRND, KRESHE
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ZVEERE,
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ety
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140kg DADESZDER UAICIED. TOY I ZEIDICIE

E SEIBDTEMEBERERITDICENNETHD.

(1
3. FI-—UENOLICEET EENBN. HRHBOLICES
LTEENE. Thi, NESTBEMERONETY v
Y3 VBN EEMBREE BB BNDAEEDE
P &P Nd. ABOEICRENNGBD, BRBEEEIZTET
' : NENSLIBTENTED,
: ; 4. A=A ERSYONERIBE. RSy IEZNE
é//;; i%%q ERAMBENEND, 7 — b/ BHUL FRRESNN
— 2 YN—EBHERIDTO VDI NIV —ICHRNTEENAE
T T NEEARISERESIE,
5. JOwDIBENBERIC, TRIVF—ERET S, /\YV—DEE w E
TRILF—ETOYINENBTET, HUNSLTE > TARICED I

50

SENE, F2LB 5417y OEBRSRERCHKD ] pO
(ZRBAZRE 2001)
PaulGHewitt EKDTEVYRA L=V 3 VESEICED.




38. Za—-FYORWONT CBREERD
Newton’ s Cradlel

EEEBORE. IXRIF—REFERIBMELT, EFEOKLF
SBRES O THD. 1@2/FHLETTIRT, 2@F5LT
TI339, 3@HHBLITTIRT, 4BHHLEITTIRT, @
Ao 1 @FDO=FH5 LT TRBICIISRT, @RIOD2@E 118
ZEBICHSEITTIRT. WRAID 1 BZK5 LT TLUSH
25U CEIRY, BEEISADNII -3 VEXEUD
2. 1{8%Z vTSDIIBDERE 2180 0.5 vTIREUERIEEN
SVDODESSBNDTEBEBL),

39. RESDESKRDF (BIRED
[Pendulum waves |

1 BRVROFH 60 OREIITDEIC, 2F
BICRWMRDFE 59 @, 3 HFBICR IRV F' 58 OiRE)
IDRDICRSZFE L, 15 EREDRD FZUND, Ik
DFORTSEMBECETDLDIC, RIZDFIE>THED
ERN, —FBICREZIBHDE. 15 BORDFH, HIKER
VIRBIZ1T D,

SENE KREWMET—-2)L"1—2No. 140

40. 2igE (R
Running block & Fixed pulley |

[Running block & Fixed pulley 2]

EBBIEMEREICENASTHD, IMBEBEART
DN TNDME (FNBECRBERED T L. RED
B IREDFUMIE) ZRDITSCENARUDTH
2. EHE5DHE. RHRIMENRHRDENBEE DS >
TNMETH D,




41, IBRIAEEEND CRREE)

Contrifugal force & viscosity J

CEEDPINCERZES. BszlinctEdE. WBIORIE
[BRWHDZEZT, HMINEDHNHD,
TEICOD—ryOvJ, PEICK, LEBICI-VBEANTLZS
BalEinsEdE, PEBOKDOGU Y ADKDIBHICIED, C
Nnig. I—BEDI—r YO0y TOMEN R, KICLERTER
<BHFLAUODEmREITET DICH. FITRLNDZRITDIIED
[CERCDIRRTHD.

SEXE 1999 FEVFDZHDRZDREFLAS THBEENIRTEICIEE LTV,

42, JMWAEDCVORDE L (RED

Contrifugal Force

43. IRIN=D35T + (FED

'Hovercraft]

PRI YINZVENDBRBTHRTTSNTIND, I1 Y
(F. 10 BDINSENP I TICK > THOEERNRKDICR
DTNBON EBDU VI ZR>T. BEIrcsEdENPUYT
MEWHZZITTHRICHEEIL. 31 UDNETRIDLEHEHTH
D, BINDDEM ELTENTND,

ADENDHRN=D3T LI 1 BEFFOTRERL. FRHE

LOU—F—DEEM. FEED U —YIR—X, N1 D05
A VPF21-—TBESOBMN TR NEERNERFEAESITTF
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44, EVIRVERF v/ Uid (BHER)
Ping pong ball cannon.|

RS 2m. IKJ?% 40mm DIBIEE Z)LED—BRICHERD
Z8HDINEZEIT. BEARYTEDRLS, EVIRVEKER
BCAN. BEBOWRIONZZF/NVt0O7—T
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SEXEN INIRERX TEVRYFv /) Y OERFEIEFHORET ) (MIEHE 55 5 2007)

45, FvE57—Y 3V (BR=ER)

[Cavitation |
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40, #EDBIH CRREER

YouTube [the center of gravityl

B 1miEEOE Ny bk E53H
3% 1. BoOminza AE U TKIEICRZ D,
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47, Yv10ORDI—T (FED
[Gyroscope Inertial Guidance System ]
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48. TS LLBMETILLERR (ERERER
[Specific heat & Molar heat
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v REZEELTUEN. RICRFELESFNTLED,
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Specific heat(J/g-K)

Purpose: Understanding specific heat and molar heat

Equipment: Gas burner, Tripod, Beaker(500mI&300ml), Thermometer(alcohol & thermocouple), Chopsticks, Net(3),
1 yen coin(50), 10 yen coin(14), Lead weight(2), Paper cup(3)

Experiment1
(1) Put all 50 1 yen coins (made of Aluminum) (50g) into a net.
(2) Put 11 of the 10 yen coins (made of Copper) (509) into another net.
(3) Put Lead weight no.15 (509) into another net.
(4) Put all three nets into the 500ml beaker.
(5) Warm the water to 100°C.
(6) Put each of the metals into 50ml of cold water.

(7) Stir the water in the cup, then measure the temperature with the thermometer.

Expectation1:

Guess which water’s temperature will become higher, Aluminum in a cup or Copper or Lead?

Results1:

Consideration1:

In view of the results of the experiment, arrange them in descending order by their specific heat.

Why do you think so?




Molar heat(J/mol-K)

Experiment2:

(1) Put27 of the 1 yen coins (made of Aluminum) (1mole) into a net.

(2) Put all of the 10 yen coins (made of Copper) (1mole) into another net.

(3) Put both lead weights (no.15+n0.40) (1mole) into another net.

(4) (5)(6) Do the same operation as in Experimentl except that the amount of water is 100ml.
Results2:

Which water’s temperature became higher, Aluminum in a cup or Copper in a cup or Lead in a cup?

Consideration2:

In view of the results of the experiment, arrange them in descending order according to their molar heat.

Consideration3: Calculate the molar heat.

S. heat g/mole M.heat
Monatomic molecule He 3.14(3/gK) 4.00(g)
Monatomic molecule Ar 0.314(3/gK) 39.9(g)
Diatomic molecule H, 10.1(3/gK) 2.02(q)
Diatomic molecule N, 0.737(3/gK) 28.0(g)
metal Cu 0.381(3/gK) 63.6(9)
metal Al 0.880(J/gK) 27.0(g)
metal Pb 0.126(3/gK) 207.2(9)

Reference

=Pb

2072

Impressions:

Class( ) Number( ) Name( )
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Measurement of index of refraction.]
[Refractive index of the light.
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WIZELIAAT, BEDOEDD. BIDEDNESS
DEDNRESNDERR L THK,

i

EIDHEBR LOBDNE, COBZRBNWTRIHMZRDTHELD,

C D#C H>&F K&

SEXE MEXRBRTIB. 11 (KRSEFFRIBICHBEMIRE 1994)
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74, REIMR (IKED
[Diaphragm.

NEIVEYSTY RIBOLWR Iy FT—TZ853
EL Vv RILDEE o RESCNRERIZENCEETDX
DBERELBNENIRD, S&BICAY RCIILDEDD
LRBLITTI. AYENDBENENHT DTN
BROLUMRERNZ < DEIICIRENZLZ DD T, K
SRBNRD, SRENDDDDIIDEH. RV F
TJICEsEmUL.

75. RE (AR
The sound of friction |

ECARADMBEECIDECAIC. MPZEZEO>TRCE
BICKDADRENT D, CNIEITTEBHNSND, K
DOFEICIRERZEDITDE, RERAIREI L. ZERICHIN
DEENDKENCH, KEBXBEZERITIEZAD. HOR
SHEVEDISSHICZENELS, BRI THDC
E RIMNABEASZT I D ENDDND.

76. HWEXEE (BH=R)
[Gear wheel musical instrument

8 DDWHEZFUARETINDLDICL. @I D
BOEDICEREFEZTDE. HOHICK>TSREN
END, Wid. BBICHR > THRIZEDECITFIC =
UIVTRZZET TS, AREYTY—TEDEXIC
ERDCENTED,

2B TOWSNWSESMEHOLEER] p. 109 G
F MR 1988)




77, IYVVOESH (Bm=ED

MOXOIBEEZFD. BEEDBEDEDICRTYLR
T—J&85D, MEDUES>TRIY JICDIEHDT
NDZELLTD, B0 BRNSHIY TICRN
TABTULRNBE, LeNOEBEDREN ATV LR
T—JICREND. BEESRLUTC #HElENTEIC
LY THEEQHSEREBEIND, SHANBICEToH0Y
EBLDICTRINE. BAEBHEICTED.

SEXHE COXRBRLBLEXHARFORBIESTEICTIESRVE.

78. XILTDEER (EREEER
MR

How to make Melde’ s experimental equipment |

BeY EERDOER, FEEDARE :
B SBWORNEKHEY 1 VY— (B0H2). KR, NREDD, XTIvp— CEROSVT (218, BB, E=

355 1. BEKZ. BOLOICEBZLY FTD, = (Hz)
2. ROESQZAIET D, 0= (m)
3. NRIENVEZZDF TRNZEFBEIL. BOHN 2 @ICEDRDICL. ZOEED/NRIENVDE
BDZEHD,
4, BRKIC. BOHN 3E. 418, S5EICEDXIIICL. ZOEEDNRENDNDDERED ZFHS,
(RES
oA (& | NREDDDOBED (kgW) | RDEHD (N | BEBE (kg/m)
2
3
4
5

ToE —

ER 1. ZOEBRIBOANICHAALT, BROKXKOBEEDHZED, FIEZERDXK,

2. EFRMTKRAODEEZD. RS T O>THRBEZE U TCRBRBRELB L. REZR THE.

C >#C > K& )



79. DAV TETEERAE (ERERER)
Mesurement of sound velocity |

MEORBEZDEFENCE. ZOEEDKIE
VY ENHD, BETRDOERENERIIIRL
THDE BLIVEY RDHD., CNBIED
ISH D TNT, HBETRONDSERERDNICE
ROENDRDICZD>TUND, EERFEESED
bNld. INTOERERNIC—BICETREEXD
CENTED, AILTDERETRE-N—&R
RICEDHBEED, DAV TETERZEINDE
SICERITH D,

DA VTEIR 10D ZZ32DERESIMIC
32NT, KEETBEFTI D, KEEDRIBIE
VP20 & VP13 ZllAENE TR LIZ, RE
—N—IFRENDT, DURI) A PRy ZfE
93, 8Z2E<IZHDKER—AZDIRNT
RE INSBBEZBLDICERNTHD,

SUTRAELL 4 DOBRETHULCEDZEHERSE, SUSRACEDREREZH L. IS AN THRNDE
TWD, BDAFEIL, IMDBEECZTAELISND, IS RARICTDEEFEIERD > TREREET
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D1VTEZRANTEREZAET D

B D1 YTEERANT BOTSHERAT D,
DA VTEZERNT, BROBRRZAD. SREAEI D,

#iE DA VTE DURIIAVIRY, BEKRIES. 7

5%% 1 BUOHDERZRD,

TOO (A PRVAD KDBZAN. EZHEUANUEBHDSERDSTFSL T, BAKEZEDED
INESLIE 12D T DRFZENDD.

BB UANULEBA'S, BNRENSIBDIMUE x (cm) Z58AT D.
RIMEEZZCRUCEZETTD,

RERESRERDD.

ROV DERZAET D.

RS (FUHDER (C) RODDOER (C)

N

O 00~ W

2500 (H2) 3000 (H2 3500 (H2 4000 (Hz)

X 1(cm)

x 2{cm)

x zlcm)

b b b A 4

A (em)

v(im/s)

O RROKRDFA x2—x1Ex3— x2DFEHERHD, COEZ2BIDE 118D,
O BRERORHFT v=7AICHATD,
4 BADRIBHBOERDOREDEIENS, B&E —

B
ulit

ult
P

FRDORDLEBRELUN, —HUSNBEE. ZORAREEZ X,

AAYjinY



FWDT—INS () D MNEBEREI ZRDKDS
BHDT -V EEHEEE, NS EDRERSEDNDHDDNERIT EDNFERECTI, 3 DDT —
SHH0. (O, 5, 10) TEEN S DHBEE. (4, 5, 6) TEHEN' 5 DHETIHRERE (FHEHEDRESIL

D) NEBZDFT,

Procedure1 10 HIDT—4 X (BR) OEH X EReHD,

13 2 1t 3 4 1t 5 6 I 7t 81t Ot 10 It

X =

Procedure2 X&EXDE (AX = X—X) (RE) &RkDH3B,

1 2 3 4 1t 5t 6 U 7 St Ot 1011

Procedure3 RE (AX = X—X) O2 & (REEH) &ERDHB,

1 2 3 4 1t S 6 U 7 U S O 10

Procedure4 REFETDEN V. (DED &ERDD,

Vx =

Procedure5 28 ViDEIIR Sx (EERE) &ZRHD,

Sx =

( )0 IF K& )



80. YVFVJ0Ow R (K8
[Standing wave on an aluminum rod.

SHEOHREBIREDETILELT, 77
IVSEDESREERSEER, AT
HISICHNTE@REDIRDR/AEE )L
SECECDEBRN—EHITD, OY
VEEICDOIICI>TCEELIN B
ZHICDEVIRI—IDE, 2Bk
0 3 BIREIE THED B I EREN)
2, BNDEDZE TR A TCESIIRRURNDN BEOHDZEMDIETIICEIEZD. BRI TH D X
—IEDNDHDOT ),

SEXH  TMERBKS B, 11 (KIRSFERIE(EHENFRE 1994)

81. FL—=YM—XREE (KR
[Standing wave in the Drain hosepipe.|

I IVDOEMEICEOND FLU—YR—XIE, ZD—
DGR ZR > T ETROOT EENBD, PLDS
ACERDDBEICRALZAN. R—RDTIETICKD
TBNTED, OZDTTRNTEIRDO. R—ADK
SEEZTEBREZEDSRR, R—RICKFNETT
FTHEBRERDDIZRICIE D TNDEDNEEZEZ SN
Do

82. teleTiHes (Rm=ERD)

MERDFERIRIC o T2 128D EFREBNS < KRR F
i EMSICEBITEENZTESL), AEERELECEE
' | Bx2T\B., OHP O LICES Y+ ZDME< 20 ki
4 EPOJIIRTED, REVREBIZ DIZHITRONE
[,t - =t - [ CRARYIEEDB. RPRAODDY Y3 FT—THK0),
tg ' %W EHEIL 30cm DERE=ADEM. R—ILRYDSE
b L

14 L

TD, COERICKREZSZDEDN, NEZERI LIS
KRR TOEETHD. PR, AREROF SR,
; - REESZABNDOBETDE RV TS —PRERZD.
- =0
SEXRE COERBRDESICBEDREZSFEICTEEIRIE,



83. U5 - CEm=EER)
[Chladni figures.]

84. DYV FDOREE (B8R
[Kundt” s Tubel

[Kundt’ s Tube?2 ]

SEXG

AE—=N—DI—=VHRICTSRAF v ODEN DY
TDEZATIRNY RTIEHD, Ty TOREIDS
MILFZBEELUTRE. COMILECTEERE
ZmANST v FTIESHD, CORE—N—ITE
BRFEESRN OB aXDE. VS FI-NEEZR
BDCENTEDEREERD. REZFLE, HD
RENEC EIC, BIMNEDERRDRIEOIRN D,
BRRaNb, SROKBEIDEIVESDOESRD
KD,

ROEERZREDIREREL

« DYV RDORBRBIROERR, BROEDIEIES
DINSVWDT, =T« ZFPYT. AE=N—%=H
WCTIERRAGSEDEERET I DDNKI, TE
nid. B& 15cm EEDTPOIIVINA T&ERES E
BAONMET, HBXFO—/)LIKIERSBCEEOET,
COEREBRCIIZEMDIETRZAFO—ILABLLE)
<A\ BRI DIRFOAZTSNNSLKBZRDEEND
BT U<IREIT D EBMSNTIND.

~ O

R DY ~ORBRICHIT DR FDEE)) WIEHE 57 S 2009)



85. X ~O—EDxER (K8
[Straw flutel

Eémma SHABORDIC. R FO—EEESEREX), BED
MM FZED (4mm OEDIRZEDICLLY) X +~O—%&8%
THATOUBIRY, 'J— REDIEBNHNIRED R D

A N DIV, BOESAELFESHTZAICHD. J— REDD
IBRIDIEEEC IR BDBRAEBET DEZHES, 20

—DRIEICNZEZT, BSACEZTINSIRCEE L TN
BRREEZDCENTED, RAO—BRZIEcHTRE
<Uo>TN>TEKL,

JFH2EDD

86. YBfs (BEm=RED
[Optical Communication |

[Optical Communication 2 ]

{BhBEXT (LED S ~OBHTER

ARt -THIN R&EDAFORMBOEL ENEL) DEHDRIE 1

NFTER L. 2CTICU— RSEDBRESRONDRE
—N—BF ((PRYT oI UHENESE. PV
TENTELL) [CDBES, SHECEHE TSN
TRHRFERDCENTED, CNEARBN TSN
I3, ABBHIEPY TRHERE—N—DV1( DI v
3 D ICEHT B,

53 14 CORBE BB TORRICRML, ASRSES
' TOT, HHITEEL., ESRAORETTIEL,

Ko FE. COLIBMIELRLS TS, LED 51 +0D
HE, BROY— b~ (DT YITY—FEE) &

BrF
fcatdl,

¥tr SEMBICHT,, ZORIHNEABBOTESTE
et IR | & TE3 MEOENSELTHYT 1 YIY— I ER
HEEIE, TORBAOEDEABBLEHELT

B 4,..1.;7' ne.
ks 55, BFEDLED S+ FEAZHBVED. DRI

DDEDEENITTINN BI>IENNBERDTHD.



87. KUYZXDEH CRMEER)
[Refraction using water lens|

BREEOE—-AD—0AEDT S X ITKEANZEN
Za2BLCirzRdIE. E-N—TRELERE. X
EDJSXITIEETEGRE UCENRZ 2.

88. £80F (58D
Horror Box |

BORICRCCZABES E8DFME], HDLDICNRIP
Wzt) > CGEAII CTD, MABEBICARYFTELED,
45° [CROTZIRZIRODMMIT. BIENAD > TERLKSK
DIC, RDOLEBHINZVIRTHET D, =OICH>FZEDIT
TREKXRN., FBOARIDBIEIBNZCRZIEDIPITI TR
& BETENE2ENT D,
BAIESUEREOHBILITEHAICE 2O\ TNHEBLETS
[CELSKD, BBRINECATOOEANN M. ZNEEC
D ERTEAREBBERDIC,

mom

2

=
>
N

i Nl
o™

SEXRE COXRBRESBEVFOLOHORZDORE \PARTEREDLEHRSGEICTIESEVE.



89. RHMDOREE TSvIDx—)U (KERD
[Polarization Light.

[Black Wall using polarizer sheets |

MICRG UISYeEmeREQEIrS B2
5RJE, BLEoENIEBLE2ED
FDIDHERETEZ D, REPVEIIRIETHD, TLUEDRK

SEHZEULDICUTHDIERIEMODBEICLIOTE

DBIC3D. 2 MDRIIREEBICENRSGHDEDILEED

BT3B\ €D 1 RORNREBICHRH. 45 HRIC
FRLDICTDERZADLDICED,

. FBORAIEIC, EEBETEICRIREZ 90° 5 LU TRED
- &L PRICRVEDREND, RERICITELSND, L5
DRFRE FEDRAMDBSDICHE L HZ D,

Q0. RitIREE->THERD (FED

RHRZ2HER. RESSLBDIREICT D, 2HORIIROBEBICERTEFDRIEEZILERZAN,

BTHZENZ, RHREZBLTCRTHEID, BNRIEEZILY—FTHNIFSI 0RO TBIFLTELL,

BRIEBOBENET, DT —R, TSRFVIDRT—-Y, SRETHEOLBNKEONY T —TZAK
NERTEESETP DV IIIREBELSL),

%Py
kiR 2EwR L ¢
% 3= 13,
~
Hleron W (209)

CORRBRBEEDSOFHFTELCTIEEIALE,



91. OHP TH CEm3EER)
[Rainbow spreading throughout the laboratory ]

OHP mEDkEANZE-N—ZE&L & HEDOXRH D
FNWCHEONZERDCENTED, JURILLYXTH
MNAEICEF LB E—N—DXKICRBENSRH L
BEICADESEIC, DEUTRHAICRNIZED, TRONW
RICEAIMAICR Z DR TH D,

SENEN B - ZSMEY D)L TWSNESMEDID
<58% 31 p46 (BARFmE 2011)

92, Dy ORINILY 3V ESKT (BREER
[Blue sky and Red sunset |

ARV UH—TKEAN. 20—-JYTRDD
VD R2BNT (RER O3 KDBHHKLY)., T
588D LED 51 FTRS59, ARYUYEY -0
TEIFIBPDEZEEFUKBOAN > TRZ D,
LEID SIS EYRETERUAL Y IBICRA

Do VDEBELDEME L TENTND,

03. XRYUVHF-TzRE (ETEER)

ARV UH—TKEAN. 20—-JYTRDDIY
DRC<VEBNT., LENSRIDICL —T—
RERHIDE. ERFZRDBRL, EXTEID
RFDERETED,




94, PIVFATADFHRH CEIEER)

['The reflector of Archimedes

[Archimedes’ Parabolic Mirror |

FUHIVIG. EIHARPAICHITDESE
T, YORD' S ORI EHRICWMD SN
PIRERICHIC, BICEIRARNE
RICEBZEB TR LIZENDNTL
D, COEDE YRV SHEESNIEHRIMREMINE Z
NAUTERICEDICEDERIRTZ D, fiororl 230 F
B, FUIYPvOHEEFIYTT RS KEDYtZE—RIC
EHDICIE NSMOA RiE (WEEOE HRhCE
ZIBALIZ, STREZDRET,. BEMEREAIC/N
SIMSP YT T EERBLTNDD. CORRDBIE T
HdD. PILVFEAT I, O—VEDERDYFJPEND
EREZRRIETDEDC, BZRTAIECIREF OLCER
Z28). ABteRFSTLENDNTND, COBRD
B OIROEEERICHIRD B TH D.

1 BORIDEIR CTHIICHRL. XIBICRELIZED 1
BOMIER CERICEDDIERZIT OIS

BHHE. 1 EBRIBSAEEGIRTHER LA E<EDHE
S5EBUICNMERZH. 2 B8BIERY 10T 4 —ATHERL
2. FEmEEREE 50cm ICEREt LIE (BEENS 1. 2),
BEELETZRUCRATYURAREIBICETL. N
IV T L. EXTBYIZ (BELNS 3), M
ZHAI CRDRFT I TR ADEEFORNNEDE
[CERE LIS,

HER 1 BROSERICOZVZETHFEI D

RER2 BEEBRRAORY—Y—EIRIZERTES
L. BO-T0DERD3DZIDNZEEYT 28
DIDE DEEEEE 2m M),

KR 3 —JOEROFIMIR (ZDIO0LE 1TkW) T,
EO-—NOERDBELIBZE ST (OSvya
N—IN—ZE) 20T, COMThOEF
D, O—VEDHENDRRERESET,

IR, PIVFATRAOD@EEDBIRE LT 720 BOEREND

ReFHEDHBPVDRSEEZUCARIVIREX ESED

s LI, REUCKRD DT,

SEXH FZ2EH (Y13 v VERERICHKS)

p.129 (RBAEE 2001)
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95, THIRIFRER CRIEER)
[nterference Fringes.]

2m DAY v —ICIRIL FEDITD, RKDEIC
Bom CEICINEZET, 2{BDXY v—Z8/HIC
BECEDLDICT D, AT v—ICIL Scm EiR
T, HBOBZDIT TR ERKE 10cm DK
D, HHW. BHSENDESICEZDIL), K
DEPWETERICIDFITEONDKDICT D,
BRIETDDAY v —% 30cm (372 UTHE
10cm DARZRRICIEL, WDRHEEICEN
WICHEBIT D, 8ORIITI—/\Y RTKRU, WE
W, BEBHRNDRICENEDITIEREEEHRES
<, FHRLH>ENDBICEREICHEITD, I8
REDRD Li—L2DmA [TI8DCEB. XY v —TEEBICRICENTED, 2 DDAIYv—DHERZE
25cm [CTDE. PRODS A UDEHRICEND, XY v —Z5|ZLEEULBNSHIBITDEERBRDHEFTERT
CENTED, 2 DODOAY v —BIFERBRKICED. XIv—DIMIADS A VISERDETHRICTE D,

SENE BR « REMEBEY—D)L TWENWSMEDIHIRER] .80 GhiEithk 1988)

06. ERHNRE (FED
[Optical Fibers.|

dO05mm,. £ 30cm DT 71 /I\N\—="T7—=T )L
Z 331 KBRULCHEET, IO 71/I\—&EDUL
DREUBNKDICESNTIND, FERIRD—IfK
ZRDEFOI SR L, BRCBESE. XA
NHRDE. TLEDBEZRDINDDXDIC, &
FORMNENS, PREZHITTEENICE

B, BIPAIN—ICAOEBHRN. EREZIED
BU. RXMBIFETZDBERMMESNDCET, £
LZH'TRETHD.
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97. OULYXEMU Y ADFEREERE (EFERER

(B 89)

LYXZEBLTTEDROUBIDDEREHRERDD.

=)

OULYX, WUYXZ, LEDYR. RDOU—=2, HZEE. MEL(B0cm). =L
)

—~
EI»EI
o/o

7z

S

\ O o
AozowEsR —+-=— WP | f= EEO®
(755%1 )
1. OLYXOPRES0c mMOIEICEET D,
2. Wik (LEDWIE OLYINSOIER an20, 25, 30, 35emDEZOL Y INBEFETD
B b EROASSBRET B,
3. AIZROBEARERRLIBTBCELED, OLYIDRRBHERDS,

(#5528 1)

| afcm] b[cm] BORKEZ [em] fR Slem]
1 20
2 25
3 30
4 35
B Of

1. OU Y XDERERIN B0,

2. AR (LEDYR Z2OL YN SHERIERICITE U ESTRIIEDKL DICE DN, ZDEHZE
EMICK > T, EEEDDL,

I ﬂ
U

f

3. MK (LEDXR 20U Y ADEREROFAICEVNZES, ZORIZEDEDD, FHICELD
T, IIEEDDK,

o]
* U

4. OULYIADEHFDEIRT E. BIEIEDRDD

5. ZHEEMACLUNEZES, EFEEREDKDITEDD,
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(73%2)
1. OUYZXZES0cmDIIBICERE L. OU Y XND530cmDiiiE(Cis (L EDYR) &<,
2. CNICKOTTEEERS DuEZEEIERT Do
3. WU YXZE2DS H5EIC a=10cmDEHICRE. CO2KRDOU Y XCXH>TTERES” &
WL >V XDkt bZRET D,

L
(1E82)
AU Y XCKBDEBORMBOESR { S' g
-~—d
b
ML ZOHEREEOME

L > UARSA LY XigRB £ REtF
UL Y 2T K BEDRIBDIESR

L XWiARS a LY Xgb £ PRt f

(B52]
1. MUY ZADERERZTEE X,

(A &)
1. OUYREBORHDERICEL > TTEDIREMLPENDD,

2. OULYXEBUCRZADRDITOBRZELENDD,

3.  MEDEREREO2EBDNEXDIRNES. TEDROASIIEMIEELLNTE SN,
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(733F3] MILYXEHLWOLYX2ZANB A, S50cmDuBICEET D, [3E1] CERICOU

VX2 DERERHERDD,
(#55R3)
=] a (cm) b (cm) f (cm)
1 15
2 20 f=
3 25

(Z223) RAADOL VY XESO0cmDUIBICERET D. MIA(LED)ZCDOL Y XDEIFAS5cm(EERDR
A)ICERT D, 2MBDOOL Y ZER DAL Y ZDEF10cmICRNEEE, BOMNMBEETEE
K, STETEEH. EETENDXK.

e |
5!
~—d

258 ¢ )M D& K& ( )

YFEEDMEDLED [CI8 5T BAETERDVILE
o, HRZBIUELSTE, Z2CZCEY HEED

DRMESTEBRDBRICZRDCENBND, BHE
DEBUYZADEEBO, EReHERIDCEETE, &£
EDRMIE IV,
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98. b—FVT5-T (KR
[Malking Tape

‘{&QQ‘\‘ TSRAF v OOMNT—TDREIC. FHFTH
ZFNTNT, ZNEREBOMTCIDE. BF
DBESNDEETHD, NNDOTIE. BAREBIRE
BRFTSNCUVVED,. SIEEEBRUNDFICASRR
o T=TDFHZE/INTVISEDIREMRICDITDE
BHARE<LECZ D, Happy birthday]
Happy New Year!] FEDENECZ. SH'x
FTHDICENERETED, BNNRTHDICEE
MIBNTEM THD, BENSERERICES
NNd, FL. BKCIDEB/NBICRDCEE

MmICENTED,

90, Z#YDORI-TTEDORKERD (KR

ZY03—-TE. ZLDERTIKRDOTL\D, iPhone
DPTITERFIEBEDCENTEDIN, BRIEE
BREITDCEE/BICANDE, AYORDI—-T(SfH
WTBEEDBLDITEDZNEBDE,

#E YO yyoORI-T (PYD)

T3 AC. GND. DC D&F#HI DC ICT B,

VOLTS/DIV [£20mV. TIME/DIV Z 0.2ms [CT3 .

TJO—-TJIEX1 EX10 DUDBZNBNIEXT [CT D,

2 U =YD DNIL. PAUSE WY V&R T EBERDBRNELLER TED.

NAOICK T BANNSWEEDBDFT, ZOBEIEEPY TR,

®0o0
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100. ORIRCTEDRF CRIHEER)
[Observation of sound waveform using a rotating mirror |

SEDKDBROFRIRNR > TORERIGRNESDIN? CNnlFE. DU =Y [ENCEDRFEER LB T
KB THD. EAZYORI-TEN>TENWVESD, EURITNE. LI—FROY-YF=TILDOLEICE
TIARDANIC 4 MDIRZEEDTIT T Qs B TERRTED,

U= —¥RE, BICRSR (NDyT Y ITY—EHKN) ZESEEDZEARL. MOXDICEHET D, 71
VT A YITY—FDEBNEBEHL (ADBTEXL). RERERISETD, CORSEEDEGFICHT,
<B<BOEISEDE. XD —VICERZRENRUESIND, SROEFREEBZOS THNILENLVS
EZRARUBSN. ADOBTHNE. AZNZNORBHEDDIKHEHMUESIND, L—F—HEaLTIUE
ENYT 4 VITY—FDPRSA Y ET, PILWDASDUENTICTTNZHEDNEL TS, REEEDLDR
LhLTBNWEENIRETHD, L—S—NDBICASBENRDITEIRNME THD.

101. RBDEEB (FED
[2 types of yellow light]

MORERIE 7O0Nm 81, FFDRREKEIS 550nm Bif&.
COZDDRZREICHHOEDE. ABDBICIEER
[CRZD., BERIIHFEN 580nm g THDIN. HE
ROWEEEXT DERDBRICIZDDTHAIDON?
AEDBE DIBIERICdH DEEIAKBIRNURUN T DI RIEHR
DEENEOREZETEEZSNTU\D, I1EED
HAMRIRC S, LA, M BfA, SEACITEN. 5
RORNWTIRAZRINT DEDD' L #EATHD, #EH
NHEEDE. HMEBDMIEIERSINLHRICRDDT
[F2<. ZN2NIRII U CHARBRZICIRINGEN D, Ry FZE@UIZ RGB 7 —J DY 208 F & E > TR
TBDE, MEBMDTHB/ORRCED, — 3. AU EEBEULET FUDAS Y TONZEIIEFZE > TR
RIDE. BBOFHHBUNEDCENTER,

BE(d. RGB LED 7—=T7% DVD 7 —RICEESITFZEDIC, LED Brees (B LED-DIMMER/RGB) %=
DIRNZED, TR, & BDHDASZEEIRITHEITDCENTED,
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102. ROZANRYOHH (URER)

103.

UaEiE (D

[Concave Mirror ]
rIBEHEDIEDT5]

MNo.4 Making a Simple Concave Mirros
Dy Takuo Takarada - J Phys. Ed Soc.Jpn47-4{1998) p190

A Btem basin i covered with an airtight aluminieed cooking shwet o high

reflectivity. When the pressure inside is redueed by a hand-made vacuum pump,
the sheet beoomes a concave mi

FigolNod. &

ORI MaImor !J:\lld’\l"lllﬂI A& VaOLm pump

MERWNIBE 14 551 —25 D 20 WUzDHD—

ZOEDIC, N=F0, FF1—Hoh. AVTIL. X
F. BMDIRSENREND, OIS F TRIDTHDRIE
ZNREUEHRES» THD.

E5WCAY T« YTY—F (YJUN
—iREL LT, BEYT) 20N
F. NLTZDTTPOERZIRNT
N<E, UBIENTE D, ATELRHIE
ERIREAFDITHICEZEINY TDMRENE L ULIZEND

BZENTERNDUE, BE 68cm OE5\ZEARAL
2R\ MNIEROMRIIILTETED, SEDDVEFIER

DOARRIICNDDTIEVDER ERDDDFDESICHE

YREDENS 5T B,

SEXEL F2Z22PE [Making a Simple Concave
Mirrorl (ICWC NEWSLETTER2000)

NZEN L, ECHIREBZEOICHICED. 18
DPORIBERBIET DLEHICESNLF vV TRDR
DA CROARBZRT —T VDB D, SEHiEED
SUN SHEF TH2, DTINIKARET, CRERIT
BDEEMTNDDN SIFEFICASENDE LN
b
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104, Za—tYUYT (KERD
Newton ring |

“a—-tYUYT <SOERZEIBOTSHEE. HBORH
YINRETTDNBICAITTHRRIDELIRZAD, &%
KIDFEBNDT, ABOBPENRZ D,

105, Hix, HIB. S50 (&8
[Resonance

[Beatl

VEDBASOBEDETSRF v IRICIZD, RENEL
ZHMCEIESEBRTENTETDLDICE D, BED
ZROPBICDTDIEBRICEERLS, PRICDITIDE,
REEIID UNSLIED, DD DIREPEIIINS U, &
EDZLEICDIBDE. REFDNDZDNEL<TED, S
3D DIREEIIKEL2D.

FOMPRESELZMTFICADDT, MRBEFHTTE
ECRESEDERN, AT, BIDYIIVRY
P— (F—=RF3SUP) SNERECKIEE. BONME
AT DB EDENVYD, I5E. FEICKDENZRIRE
SETND.
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107. YXDORFAE (EERER) youtube [diffraction grating
QM8 FZRAVTHEDREZRIET D

BeY: D MOROUBZFTOCEZRHFTD
@ OIF8FZERVNTEEMDOREZRET D
g - @#8F (100lines/mm. 300lines/mm. 600lines/mm)
L—tF—3R (RR. & G. 5B)
BOSUNNERD =Y
3% D QFBFNSRIU—VET24m L TREITD
@ 100lines/mm DEFIBFOFEFNS L —F—HIFEH T, ROU—VICHRERT
@ ORMBAmE. 1 ROBBREDEHEATET D
@ x=1A/dCRALUAZKRDD
#iE  BTER daRDD

100lines/mm 300lines/mm 600lines/mm SBORER TS
100lines/mm Z{&/H

\'%4 \'%4 \'%4
d= d= d=
ES
R XMEREE 1 | xRS | x OFsy L (EE) OFEEEE
7
¥
s

380nm 430nm 480nm 530nm 580nm 630nm 680nm 730nm 780nm
ER QI FICABNZETEEDKDR A8
FTHEBRD RO =V ICHRDH. &S

CHO>MCOHO&EC )
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measurement of wave length with diffraction grating

Purpose : @ understanding that light has the character of wave
@ measurement of wave length with diffraction grating
Preparation : Diffraction grating (100lines/mm. 300lines/mm. 600lines/mm)
Laser light source (Red, Green, Blue)
Screen
Method : @ Keep away 2.40m diffraction grating from screen
@ Reflect on the screen by applying a laser beam from the front of the grating
@ Measure the distance of the lightest point and the next point

@ Calculate the 1 using this formula

Calculate grating constant

100lines/mm 300lines/mm 600lines/mm We will use 100lines/mm

L—1,=dx/ L= nd

\4 \4 \4
d= d= d=
x=?
Experiment : -
a—> iR +.
‘ "X +
L =2.40m
laser pointer Diffraction grating screen
Result - x1 x2 Average of x | Calculation result of 4
Red
Green
Blue
Reference

purple blue <+— green —»| y o &+ red +—>»

380nm 430nm 480nm 530nm 580nm 630nm 680nm 730nm 780nm
Consideration: Draw the interference pattern on  Final remarks about experiment:

the screen, when you apply beam of white light.

class ( ) no. ( ) name ( )
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108. BEx CER=EE)

[Dancing Flame with Sound.]

MBbv5R R
ﬁ&wm&ﬁw
sl
D405 Om

- B DG [wm

SR

& (Y1277« —1 Tl DDV IDORDOICERS
REBNTCEPRBETOHBAEN DD, SICEHETHROMBUEH
ITIREEFSREWS, EHAARMENDNTUVZEHR. CDRER
[FERICTRIEN. RRARICED > THOREICE o2, KRR
ANAREDHRZEMUE T DCENRRADK DL, MG, IS
ABZFO>TZENZRIRIDIIECH D, FTMIMASREELT
RDBRADKESICIEBDLDICT D, RNOARLZEICEDBEHDIE
AICHD, MEANSREEHDUIBICHSE. %H2 Ocm i2ZEIC
82K DICTD, KDOMIRMHETRE-N—NDSBEREZRSITE
RISBURH T D, BEXNDECDEBE. SEILCKO>THRADR
NOESNBDIEHTH D, NAIRY DK IBEBWINDIL)
BICL< MY B,

SEXEN CORRIIKIROFBIFERASTEIC ISR,

109, BhEH (EmRED

[Series Connection |

OV HZEMERITTHDE, BEDOXIBEBBOEND. PILAUTLTIE & 4 EMIDSSICHUEIRD
FhN'6 ABIDBEICE D TADTND, YYHYIATIBEEGRDLDICIEEED 6 BOEBNEIID
ISEICIEDOTADTND, OV DEMEZAFDIEFEFRA L TNDD TSN,
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110, KEVERDRE (EREER

Measurement of unknown resistance

Measurement of an unknown resistance using a meter bridge

Purpose: Understanding the Wheatstone bridge circuit
Eauioment: Meter bridge, Galvanometer, Standard resistor, Unknown resistor,

DC power supply, Sliding resistor, DC ammeter

Method:

1. Assemble the electric circuit with reference to figure.
2. Connect insulated wire to the terminal 50mA of DC ammeter.

3. Choose the standard resistance close to the value of the unknown resistance.
4. Adjust the knob of the sliding resistor, so that the electric current does not exceed 10mA when

you turn on the switch.

5. Look for the position where an electric current does not flow into the galvanometer by changing

the position of terminal P.

RS

Adjust output voltagew
to 1.5 V. '

Choose the value of the
standard resistor near

the value of Rx !

Results:

s S

@

{flt’r E bn]

e sl ’*‘?L\

[t

|
\

“Tern mlP;

Golvare meter

+A4-; J/

/
/
resisigy”

Rx Lhkacun ¥
R‘: /5 (@

p
\ﬁ/\hndﬁpd resister

‘ = y, Q%
l\/ / QLIJ-nJ el ?A A&:‘\

_\‘ Meter Bridge
3 s

PC ume ter

/

Figure1 How to assemble the electric circuit

Name

Value of
Rs

AP (mm) BP (mm)

Value of Rx
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Review:
Write down an expression that is established
between R1 and R2 and Rs and R, if an electric

current does not flow into the galvanometer ?

Figure2 the electric circuit
Impressions:

Name( )Class( )Number ( )
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111, EHRONEENCEBDDORE (ERERED
[Electromotive force and internal resistance of a battery |

Measurement of Small internal resistance and Emf*

Purpose: Understanding emf and internal resistance
Equipment: Battery, DC ammeter, DC voltmeter, Insulated connecting wire, Switch, Sliding resistor
Procedure:

1. Assemble the electric circuit with reference to the figurel.

2. Connect to the terminal 500mA of DC ammeter.

3. Connect to the terminal 3V of DC voltmeter.
4. Adjust the knob of the sliding resistor, so that the value of the electric resistance becomes the largest.
5. Move the knob of the sliding resistor, reduce the resistance gradually. Turn on the switch and measure the potential

difference and electric current.

DC voltmeter : @‘
(ﬁ—ﬁ- H—o
®- g =z

Figrel

DC ammeter Sliding resistor

Principle: Relation expression between the terminal voltage(V) and the emf(E) and

the internal resistance

Safety: Never close a circuit until it has been approved by your teacher. Never rewire or adjust any element of a
closed circuit. Never work with electricity near water.

Notes: Do not turn on the switch for a long time. Because the temperature of the resistor increase and resistance
become larger.

Results:

Consideration:

Impressions:

* : electromotive force

Name( )Class(  )Number( )
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112, FENIRORER (ERERED
[Drawing the equipotential lines |

Understanding electric fields

Purpose: Drawing the equipotential lines

Review: Write down the following formulas / F:
1) The electric force between two point charges

2) The electric field strength around a point charge % E

3) The electric potential around a point charge

Question: There are electric fields around point P and point Q.

Point P has a positive charge (+g(c)) and point Q has a negative

charge (-g(c)). The distance between P and Q is r (m). \M/
1) Which has a larger potential, point Aor B ? —( )

equipotential line thorough point D.

2) Which has a larger field strength, point AorB? —( )
3) Draw the equipotential line through point C, and draw the /M\

Experimental methodology:
1) Fix the conductive paper to the plastic plate
2) Attach the electrodes to both ends of the conductive paper
3) Connect to a DC power supply, and set to 15V output voltage

4) Measure the voltage with a tester, and mark with a white pen the equal potential points

Impressions:

Name ( ) Class( ) Number( )
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113, IVTIUY-—DFRELME (ERERED
[Charge & discharge of acapacitor ]

AEEDODEHIEIRD 3 DTHD,

1) DYTUY—DREONEDERZIERIED, BEEEWETIE. X1 yF2AVICUEERDER. +2
BERENYEB LICBROBRANND, RBEEARBRIDCETZORURDLIDRIIEBRETETDIER/OND.
2) | —tI3T7DRHKRZEEASED. ERLF—ETIEL, BEREEECICDELBDIRFERIRTIDC
EIRUTHD. F2. ISITNESEHEDRRKE., REEEE U TIRESEDCENEEIND,

3) BEBTEERHTIED, NRDIEBRSENMSESNDDT, EEDBEEES),

AR TIE, RZVPIRICOBEHATHDEE 1), £iEd. EREREEE. 8RitZE) — RMECTERIDETT
DD, BREECESRSILEINDLEH. EEIC 400V ICENDERELN. A v IOz vFIBYE, ERETIB
3, ERIBHE. X1y FIBREEDEBET D, ﬁ%%L\74724w§ﬁM%ME@HTM6CCEﬁm§5
BIDDSRAMERRT, VT VY —ICEKINTCF oITIREBICE > TNDCEN DD, HERIF. REEMED
7L\, ERDOFEFRAZRICESATE D, EBEDU\NE. REESHROESE. Eﬁl%@iﬁ@@%lﬁﬁﬁb(:
32, MEERDAEEZT ST D, OWERA vFAYBR DERIEFTESED, IVFT YT —(dZE
TEBREEZTLNDS, COBBTIE | = =784

(LA ERD, TSTDTHINCEREIITSTDVABDEZHZIED, EED 1 BEDE 2(s). #itehd 2
X107% (A) THDNH5 1 VROEEET 4X107C(As) &E73D, BREFD YT VT —ICEZONILEEIETH

D, CNZBIRBDENIZE (4.00V) TEI> THEBTEZRDE D,

BR. REEROIVT Y —ZNEIT IR, EEFHATIVT Y —DOBIR[ODEBRZEND 1/e CISDEMERD
T, BHEBE2RDDICELTED,

SENE NBFS [SRVIEMCK] p.156 (2011 ITF+)
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Charge and discharge of a capacitor
Purpose: Understanding capacitance by graphing the relationship between the discharge time and the discharge current

from a capacitor

Equipment: Resistor(51kQ), Capacitor(220uF), Knife switch, DC power supply,

DC ammeter, Insulated connecting wire

Experimental methodology:

(1) Keep the switch set to neutral, and assemble the electric circuit as shown in Figure 1

B~ Fa

opLY C
B¢, TOWER SVPAL /

gpasiees SRRl i B JEDRGe
zf:ﬂ T ey Gl

Qo / / ]

7429 2> \ \
L%:/élﬁgur%— —Circuit c.ai \\the Figure2: Circuit of charge
¥/ /& ‘=/.~[ B \ \

/ t c‘lr’c d?rdur,g =nY \

— C_—

Figure3: Circuit of discharge

Figurel: How to assemble the circuit

(2) Turn on the switch on the charge side, and measure the value of the current at each time interval

(3) Turn on the switch on the discharge side, and measure the value of the current at each time interval

Results:
Time (s) 0 5 10 15 20 25
charge *

discharge *

30 40 50 60 70 80 90

*: Calculate the value of the discharge current at 0 seconds

Draw the relationship of the time and discharge current on graph paper
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Consideration

What is the area with the curve of the graph and Y-axis and X-axis?

How much is the capacity?

Impressions:

) Number( ) Name(

Class(
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114, D757 —0OHC (BTREER)
[Faraday cage.

[Faraday cage 21

'YOUNGSTER' S SCIENCE FESTIVAL 1995

OWESE EE 2 B
PEMEo -
QYPr5-rL v

>, PuexEY
G , OF¥<DEAN
S s' //\ 1 2 = ® @ ®
D‘DT’E‘S'J\ *$®1I¥T%D\ *$®?‘L¥DT%DEO 18@%80) (o= 3 b E\
HNEADETEIZ., ERMERSHREESOIRERIDIER

EBZBNTUE, SVEMIRFE >TEICENN. AFEEIC

N, 17525, I3V VICK > TEDERIE, MOBONSERICEN O, 17335, T2z
T3, BRICII 2 BEDESCHBZRDEDNHICEZR DI, —H2NSRER. WHZRHEERES
I, BRI 2 WIAREIBZIC, —. I2V0UVIE, NS 2BBOESRZ IE] &) DBREEA.
BEIDBAENZDRATHDIESAL, CNZBID 1 REREND, TP ST —FTD 2 DDOFHOFHERIC
REZRRD, [E. BOEGHEMRTHEELDDINENDRRICIDIBAIE. HIMAENTEITDEEIC
[E. UFZDEDOIKIC, FSHRIOETHNE LD EERETHIPLEIDELIZDTH D,

D735 —Id EUARADERIC, 1580 3.65m HIMIIEREAR THAILC. ZOSEBERDREX
ADHAIVTBAZ, 5IC 14cm BB 4 RDASARDEZDITRDSHEZUIC, KBIHERINS 3 5
BOERBICNITERESN, RHDSDDISNEY v YT UPICBIBEENDERBZENDTH DIE. TONTD
BB, ASXTHEBLCSIREB L., EERZAVSEEESAICHE. NNCEP—RUICD, KEMEIRD
BRVED U CGEHUCHER, IE. BDOEFEIRIIUTREIDCER>TEE/N 22, HNTI»S5T—B5HD
COPICAD, DTHBDED S UNMENRCDEENCICERTESZTE. DNCHEUTNDES, &
WRBCACOHNBREDHICERESNTC,

MERT»ST—NENCBRZBABICECUCEDTHDIN, COXRBOKRFI, ENOTEICEET
BDIFEELUTERLHSNIND, 1836 F 1 B158& 16 BIZTTHN. FEBERDO, DIURVAVDIFv—
ELUTRHESNTUVVENEERTH D,

FENBENS TDIBWSIRED b v TIIHNERE TH D, BRRDEDNEREHZEICHSIAL CDEER
(L. ERIOEKENWZESDHDCITTEL. SROBUIDBTDLNEFEDES, =5ICSEOEFTTOEL
ER/ZRDTIEOTEICEEATIND,

SENH FZ2E5 (Y113 v VERERICHS ) (3REESE 2001)
F228 D757 —0NT) RIERMAEREEY_2177)Lv ol2)
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Faraday cage
Preparation (Today’s Key-word)

Lightning Bifocals Lightning conductor
Good conductor (bad conductor) Utility pole
National diet librery Energy-saving age
Trash box Transformer
Arc discharge Condenser
Equipment

® trash box condenser
@ plum wine bottle condenser

et ’ ® 20” color television set
f\ 4] @ ® @ single-wound transformer
TR ® slide resistor
\ to]
\ D2 H O B2
- EEK_I‘\Q

Consideration

1. Translate “Japanese Lightning God“ into Japanese.

2. What was B.Franklin doing when he descovered that lightning was electricity?

3. Where does lightning hit usually?

4. Which is a worse conductor, plastic or air ?

5. Why can’t you run away under a tree, when a lightning storm approaches ?

Impressions:

Class( ) Number( ) Name( )
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AEBRZERMI DICHLC o TDEBR

1.

AEDREIEHIIREENRT 300Q. KEEBHHDTIMQEETT, JSAEBAAKICHNDE, AKIC
30000V OEENMDLDD., BEEHICABROBNDIBNDSH D, AKIC 100mA DERATNDEFTI DB
[REBHINTND, EFIIHINLD, EBEBEEIT DEDHENTLZDTDCEDRNKDITIRNMUETHD,
FEBDEIFMNDT, ST TRHOEMEBE L THEELEICEEEZSD, BICHELRNKLDIC, Z=IC
LTHRIMEBN DD, BEEHORSIE, BID+DEI RHADS 16cm BEICEDLDICTD, FE. RO
ABODCDPTE ENCDODHCENDE TRHEEHDHERUBN ITNDCEN'D D, MELHERICHEEC
BIIdLDIC. BEHDARE=DXICLTHD.

ROANEDHEICENT, DNCOPTRU LD DZD LT, DTORHIOENHNDERET D, NCIIRIHDO
EMMNSNBIEICT D, REANDHZEIE. DTOTIC, RORNWDBNZY — FEHERDRINT D,
PIROFBE VERCORBRTERI DIV T VT —DRNICITIBDNUETH D, AETE 2 BOIVFTUY
—[FEEIC 100pF MTFDOEIBTETH DN BENE. WEEREEIENE O TD, MEHTHEDIR UM
EEZTOLDEIRT D,

COERERCI. TSOVETUEDISANY D FSYROTISAAZ ENSBL. BCEY v —YICTP—2L
2. TNl BRRICHBITDTSREICHEEITD, REDEH. Y1 FTRE OSANYIRSYZADTS A
ZENCICERI D) [CRSRNKDICTD, VT YT —DEHKICEBLTE. RAIDOPILIRTILZT SR
B DR DICT D,

—AIFTLEDY v =Y (ZBRED) ICED, YP—YESBICP—RIDE, FSYALRAIATDTU
EDBE. IVEY FITSTDEEICL>T. HCIC 100V DEEDDNDENBHD,
SRICEAIDTLER BEOEATITSDVYEN VT YUY —DREZETD, P—INEERRIDE
& EBCIYTYY—DZBINRNCHBEERY 14— RICEEDNDDRIET D ENDH D, RISEDT
—DOMEBIIETDXRDICT D, FE. TLERY FADERRAD (130V) BIC. BHERD 20mA ZiBZ 1S
NKDIC, INDIBABFEFNAEIDIREETRT D
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115, 15 ELTENICENESDTMEM CEREER

LT 4

y SN

Pt
-
Z -
-

-
1
oG T AT AT < - - -

: LT 757 Qs

BUWRDENKRET, BNOITB EIFICEDETHENE>CENDFEBC, BNENEDE 1997 88 4
BOSBHEDENASHDERDICOHRPTRIESNECENMBBUL, N—F—DRICK > TEENFERTEDINZE
BELLUCHEZ, 2 RDEHEZ 30cm BELCETICRE, FEIMNEDRZ, & 15cm DARN=TFT—ZTD
EMCRBLERZANCD, RIRTEIMERERTIB/N o2, HARICNEDIFIDE, ARN=FT—RAINTSE
D5, MUSHENERSINTC., EOEEL. EOQOREOVA T RERDVAFRAENBLDT, EREDSI, KIC
SFINDTSADERNEFDBDBEF L EEZBND,

SENE EF2LB TT5LETRBNCESIE] (BAMEBHEFZE MEHE F47EF25S1999)

116. PITDIELT CERERR)
lJacob’ s Ladderl

T250VETULEDISANYD RS YRND
SEHDEBUECEEERZANDE. PITD
BFORBNBRICTED, FIICIITES
Bz EBICHT<IEERMZRTCDIRDICH
S BUEZ2522, @BEOIOINETS
(R8D) TP—OMENELDNN BRELS
[CLDEFKIAMECEIC, MELOINED
NEF U, SBEOLUVEIDICHENHSENIT
D, ONHTC, MBERENMBOIT ST, MED
VHE, FLEEOTWEOENEFDDSHE
NEED,
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117, E=5—DFEED (K5
[Strange personality of motor |

E-Y—-Zz0iExsEBdDE ABOITILE
WoOUBERERNEIET D, I1IVEELH
BT DE. DIVSZOEILZEDITD
BECHESEENZLED, CNIISBETESE
HDEWENTUD,

SEOEEL. BRICBFTE. PikesEh
ZIRRSEDDIC O >TOITDORBREETH
D, @EHKE 1.5V H, E-5-FXBSEM
AKXV, @EKREE—H —IIBEIEHISN
TL\D, DB/BEKI 1.5V DEBTRIL. €
—5—[X 1.5V DEMTOET D,

A1 RAvFeBge, E53dN7?

-5 -RBOVD. PEKEFDOIEEBZDDEN BAF. E—H-—NTOBICT,

2 E-Y-—DTORSZEHIZ TRy FaBITE, E53DN7?

EKEDODTHD. COBE. T -0 UREDEERENNIE URNERES DTN D,

118. O ILDPEEDEM (K82
[Electromagnetic train in a wire coilJ

=BT —AICEoERBETHDIN, FRBEIEIICHL

Ve TMIUEIHEBESNTUVVRVIEZEENTED, B3F
MOWRIICRZ Y ABBZ@IMUNT N BICSDH, TIMA
NS BICIZBDRRIC DT D, WHOMID'NBDIBEE I )L
D SBRAICSINN. NBRIDSRAEDERZTTHED, HEK
DB, FEEZEE< kb YRI)VOEBAINS@AMAATN &IC
EBICUEHREZ LT CHBDSROBI ENDTERBD
12320,
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119, I35V OUVE—-HSH— CERZEER)
[Franklin Motor ]

Ry FMRELOBIBEIC. 1ecm IBRREDPIVST—T%
1cm ERFEE TEDMIT. PhEsDE D ZOEr CE D85
[CHEAIITD, MAICEEDIDICHENRC DXDT 1\
RDFFFFOPILIRZE 2 RERET D, 2 WDPILIIR
[CEMEESZ2D UNITITSTRBHNK)) EEFH
BE L. PMDXRY EREILAEERT D, 1 ILAT—2
BREEFE>TNEDENEDLDCEETED,

120, NIVFIxF (RHEED
[Peltier Device .l

NIVF THRFE. BRERI E—TIOBENSHIIDEN\FH
NERSNREEEZE UDMBOHDIFERRF T, IV
Ea1—50 CPU DSBANICENDND, NENSREEZZSZ
DE, BRONELETDCHERE UTDHAESHR DT
Do NIVFIHRFICHERD « VEES L. KERBEAN
DIDDMODIEICRDHITIDE. RBEEREOE—H—
ZOIHEHE U TRIBTED.

SEXE BRI EOWARBRSEECTESIAL,
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121, T4 RSV Fv— (R
Disk Launcher

I IVISHRNDKREBRICKD 1 BEITHER
ZaRESH. WBOREZRNAELU 1 BEZR
FTEBTHD, AEREMITHICMEE
400V, 88 10000uF O3V FT I —
ZARNZ. BRAEDY A Z— . 40w S,
TAIRA v FEBIICDRE. AR 100V
THRET D, FTEPFEEKICERDTENRUAT
FDDT, BITDEIVT VY —NRES
NECEDDODND, TAIR1 Y FZBES
J)VAIICARIT ED LD EICENZ 1 BX
FRAFTETD, IVTVY—IE. HEE - :.- =

EINCFEOTTIRRECHDDT, MNRNEBIEICT DN, FEDBED T TBO, MESEDL DTN
2THD,

SEXE BH X8« ZEMET—D)L TNWSENWSEMEDINDEEE 21 046 Githk 1999)

122, E-5—-CEEMW (58D
Motor & Generator |

-5 —Z 2 BANNEHOEICDRE, AN
T—H5H—-Z23VDOERTCOIHRIED, ©O—D
DE—H =L #HADIHNTNTCOESES
NTUE DD, EBEHERD, CDFHRBHA
[CLED 8HZzD<ERTITD, 1. SVHAED
EHCERIT U, DFD. 3V OEMRZE(E
DTCVNBEDDEIIRIVF—EDEHNTRIV
F—DEBNENRBVCHICREKIIRUAT U
U

SEXRE | BR/BOWARBRFEECTIEEIALV,
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123, FOURBHDORER (ERERED

FOUEBHLEE Y -—ZHRBEE LU TRBLTND, &R

KRNI TH D,

1. FOURSBHICEBXKZORNTRAISETHD, ZEK

Z 218, 3BEWHICOBE, RUTSEDLHIC/\Y RILAE

{IZBTLZERT D

2. VY -HRBROPEDKDIC, FOUEEHIC, &g, 2

EHK. MEIBICOBETEBZ. ENH—8B/\Y RILDENNDZELL
D, (BRAZIRNDINRESIILCSALEEITDDT

&i\.)

3. FOURSBHEICY v—RXYDREDRE., /\VR)LELOT N SEAED, FOURESHZTIIC 2
@, 3@DENT/\Y FILZLOT EinldB U< 6D,

4, FOULASEHZE 2 BDRI—HD/\Y FILE2ET E. ED2—AD/\Y F)ILHED, DIE<BEEOERH0
ZiEimd . —FID/\Y FI)ILZZ 10 BFEDIEICED—TD/\Y FILOFDDILEHZR/NDELRILF—
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[Electromagnetic Induction.]
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[Electromagnetic Induction 2]
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