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4. THRHEE ARVAERET - ATENDER -
2V, = at = 600 X 0.01 = 6m/s
WEE AR - A~ Bk A TRIEHRE)R
E&ES) > TR BHEIER - (£ B
[ INER - M E AR 2GRS E R R

&=

\\\I):l_<\\\ o

MV, =MV, +(m+mg v,
mv, —m,V,
m+m,

_ 0.1x800-2x6
0.1+3

m/s~22m/s
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B4, AEFTR MR ITAEA ~ BESEERTEEKF
L HEEm, =2kg > mp =3kg - —HE
m = 100 g5 LABEE v, = 800 m/sACEH A
A {8t = 0.01 s ABCREH) = 5 FHi AA
BT 2SR, = 3 X 10° N » 3k ¢
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1. Discovering Physics (Teacher’s Guide) = Manhattan
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2. ¥rdmA U nEAIEE 1B O (FEIAE)  Oxford

3. PR E I T EhE>UE

4. P R RER AR
5. AUREIYH I8 Longman

6. www.google.com

7. www.baidu.com
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PR TR LAY

Al m B w2 Bt 5

. BEREm VNS M EEE T, BHRE by, AR NREIEE L
KNgEZ/D?
. —EEF 0.1kg HI/NEKTE 0.8m SR H FH TS EI—[E8CE b, FE1E/ NEREEREER
EEI/NERIE 22 i (RERAK IR 0.2s, RIS Bl ] NEREE Nk T & Fy 20 /D2
. —EEF 0.4kg B/ NERATEEKFEEILL 0.5m/s HYZEZR A% EE, DL 0.4m/s
HY R i 2 5B O A [ BT, #5 R B B A (R RF i &y 0.05s, RIVNERZZ(fGEE
HIE M ) R % D42 E
—
Q

. BE R eokg YA, MEREZESIR EBGE, MEMEZ2mHiRE, Eik
BMEZED. T 2R Sm, HG@EE 1.2s, Q72w 2EI0-PaE

RINEZDN?

- WEFTR, BER m BNV vo /K, TairBifsrs & 307 HYRIEE
AR, FR R R A N R ER RS R/MESE, RIVNER B R b A8 A

ot Y T oiv

0
S

N N N

L OJREAEFEAR EIEES), CHURENEE R m, FTZIHT R f, &R

t, R vi R EF v, ARG EEN BN E K% /D? FES[I0
HEEL/V? REZININhEZES?

- FREESRFT MR, EAURERE S 100ke, {E Sm SR E % N, BT LAY

TR Ry 0.2s, BFTIRISEETA ML, ANRES TR FEF T8 5%

/D N?

. —IREEAGT, K 0.5m BERZER AN IRy 36N V4l T, —ImlE EAERICHR L,
U —E B 2kg HY/NEK, BMEFEERRFF IIRRE, WEFTR, SRR
T, fERAEER ERV/KSHEEERNZ /D N-s? L/ /LSS0 )

O I
. WEE - KNEEMENIEGRRASE A ~ B, SEEERUEEE/KFE L, —

PR T3 e (& ZFE M ARBRIR IR, HARBRE TSy H IEE RS, T

ST I ARBR AR R ], RIF-5HET2R1% A, B I ARBRAVERE Z LE R 2/ 2
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g TR Y
HER : BB Mg mm %

. HE R 1 kg VYEGAEIERERN S 5 m s tHEF IR 5 % - IETSELURE Ry
5 m/s S eI /KE A R TR D/ N - BB D THVIVE R R 4 ke 0 B
e B NEAR SR IR > SET RN Y 2R

2. BEJE 90 kg ~ ZE R 1 m/s BY/NE - AELE/K VP L E SR ES) - BEE
60 kg HYA » LL 2 m/s ByZREE Bk b/ > pR/NEL R - slEtE
@ MR ERRE K 5 16 Ry fa] 2
@ FEZABIE T B NEH 8 K 5 [ Ry fa] 2

3. MK > EE57AR 50 kg Ml 52 kg » FHFhE=E —(dEE R 2 kg 1Y
BR > WAL 2 m/s Y ZRIEEAE KT EAHRITTT > FREBRIBAE 2 > ZFEkI
GH O ERIPEE TR > FHVEEE LT - SETEILR ZAVEE - GRAE
EEFUL AR K - AT KEAE D)

4. "By 100 kg Y EHE[EE & 50 kg YA —ELL 2 m/s BYEREAE /K
ErFETES) - EE R 150 kg (Y ZELL 7 m/s BYERE R ETEZ > Ryl oAt
> Sla TR EWHGEIRT HE_ A A ZE DB AOK PR L -

5. WAERTR > EFVEERM  RER L .
0

AFIEAELE/K P L > BE R m BVNRBEL ;’

Vo FIY R e JEE S ath 2 B R EC AR _E (R A )

S S
RPRELFT s BER T 1% DA W/2 A /5 iEE) - et
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LA BRI e R DR o B AT -

CBEEREMAVERE FIS—EEE A mAEy A o AFIE—fELIEH ?Vo SISk

P A A P EIE X 1k )RS AT T IPANGEY ) AE AP NG S5 S
&7 RIS ?

. —ERGEE R MRS > P ERE BV AEITR - BAR—ETEE
Ry m ELRERR £ > (R Y B2 BIRIRH T BV B RIEEL - &5 [J1A% > AlE®R
— BB R M A AR > AR B B 2R 7

Hﬁl

. An arrow of mass 100 g is shot into a block of wood of mass 400 g lying at rest on
a smooth icy surface. (a) If at the moment of impact the arrow is travelling
horizontally at 15 m/s, calculate the common velocity after the impact. (b)
Calculate the common velocity if the block is then struck by a second similar arrow

travelling in the same direction but with horizontal velocity of 12 m/s.

. A man of mass 70 kg stands on a trolley of mass 130 kg which stays at rest on
frictionless rails. The man fires a machine gun in a direction parallel to the rails. If
the gun fires 10 rounds per second at a speed of 200 m/s, and the mass of each
bullet is 50 g, what is the direction and velocity of the trolley after a continuous

firing for half minute?
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Experiment P16:

Conservation of Linear Momentum |

&UFEFRI(Motion Sensor)ZEEhEUHIES

Concept: Newton’s Laws & @ 4-HE
Time: 45 m

SW Interface: 700

Macintosh_ file: P16 Cons. of Momentum 1
Windows_ file: P16_CON1.SWS

EQUIPMENT NEEDEDEEE&E23

. Science Workshop__ Interface

. base and support rod (two)gZE & (2)

«  motion sensor (two)iEHEHIZE (2)

. collision cart (two)fiif# /N (2)

. adjustable feet, track (two)

. track, 2.2 meterdifi & > 2.2m

. balance (for measuring mass) &3¢ ( HNHIE S )

PURPOSEH®H

The purpose of this laboratory activity is to investigate the momentum of two carts
before and after an elastic collision. &K E &gy H MY b 7T M /N B2 A= gl P4l
HIAZ IR HVEE -

THEORY[EH

Momentum is conserved during collisions. The momentum of an object is the product
of its mass and its velocity. By the law of Conservation of Momentum, the sum of the
momenta in a system prior to a collision (or other interaction) equals the sum of the
momenta in the system after the collision. fii#E &= E~FIEAY - —(EYieVE =
SR N E BRI RYSRE - S ETRSPRERE - it (B EMEEER) Al—
{[El 2 P VBN & 2 RIS R (2 12 (1 S & TH VB & 2 A0

L} 1 L] L]
mivi + mz2vea = mivy + mavy
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If external forces such as friction are ignored, the sum of the momenta of two carts
prior to a collision is the same as the sum of the momenta of the carts after the
collision. IERRZMESNT T (LNEEFET ) » Rl pi e 8/ Ny Eh & ARG 1% 72 W {2
/NERYED & 2 ML -

PROCEDUREEZ

For this activity, motion sensors will measure the motion of two carts during an elastic

collision. The Science Workshop program calculates position for both carts. A graph of

the motion for both carts reveals their momenta before and after the collision. ¥ 7= (i

Bl o B RIS RHI & R (/N 58 PR R AR AR B 00 - Science

Workshop F2 =R TSR (E/ NERYAL E - FY/ NS B i SR B R DR MR 2
Al Z (& A EN &R -

PART I: Computer SetupEf$§aEH
1. & ScienceWorkshop 7 IHiZFEE|ERS I > FIFAS I - Z281&TTHHEERE -

2. RN ECNES Y B R A A 2 i AV aiE A2 - R R 8RR
Y (W) FREEHE ABAEEL > 55 (8 ([O) s ARBmE2 -

3. Mo (EEBNECHIES Y S R %EEL%%J T YR AE 314 - U5 i
By (Ik{Er) favEE AR maE3 - 55 (8 ([0]AF) fHEm AR iEEs

4. FTBHU0 T dns4hyScienceWorkshop Sz {4

1. Connect the Science Workshop interface to the computer, turn on the interface,
and turn on the computer.

2. Connect one motion sensor’s phone plugs to Digital Channels 1 and 2 on the
interface. Plug the yellow-banded (pulse) plug into Digital Channel 1 and the
second plug (echo) into Digital Channel 2.

3. Connect the second motion sensor’s phone plugs to Digital Channels 3 and 4 on
the interface. Plug the yellow-banded (pulse) plug into Digital Channel 3 and the
second plug (echo) into Digital Channel 4.

4.  Open the Science Workshop file titled as shown:

Macintosh: P16 Cons. of Momentum 1
Windows: P16_CON1.SWS

. The document will open with a Graph display of Position (m) versus Time (sec)
32
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for two objects. f& T FEL A — (A PIRGHIALE (m) ——H5f] () [EIFREH
5o

. The Experiment Setup window has been resized. If you want to expand the
Experiment Setup window to its original size, click on the “Zoom” box in the
upper right hand corner of the window. (Note: To bring a display to the top,
click on its window or select the name of the display from the list at the end of
the Display menu.) EEga B 7 & HI A/ NELOEHE - RTIERKERRE
PRI EHFGER T g — MEE A LARY “Zoom” fE - (UEE
A — B R EIRTZ > $2— N HFTE R B B BRI RE R R B HY 5 B
R BUR AT - )

PART Il: Sensor Calibration and Equipment Setup B HI SR EF B ER B

. You do not need to calibrate the motion sensors for this experiment. However, if
you would like to calibrate the motion sensors, refer to the instruction manual.
IR AR AR AN B R A WA (B B ORI 85 - A 28 » W SRR AR R AR B RIS
AI2EHHE -

1.  Place the track on a horizontal surface. &8/ &E AT —(E/KFEHE E -

2. Level the track by placing a collision cart on the track. If the cart rolls one way
or the other, use the adjustable feet at one end of the track to raise or lower that
end until the track is level and the cart will not roll one way or the other. &
TIE/NERAEHE L > FERE R KR o A5/ NE RS —REI {5
8 FORE) o SRR EE — Y A SRR AR R S BRI — i - B EERE
KL E H/NEA g R —RiuE gk -

3.  Use the balance to find the mass of each cart and record the values in the Data
Table. FR AR EME/ NERYE - RN EERCSHEE RS -

4. Mount each motion sensor on a support rod and base, and position one sensor at
each end of the track. Place a cart at each end of the track. Adjust each motion
sensor so that it can measure the motion of the cart nearest to it as that cart
moves from the end of the track toward the middle of the track and back again.
Remember that the minimum distance from the sensor to the cart it will measure
is 0.40 m. Put marks on the track at spots that are 0.40 m from each motion
sensor. i< W & 2 Bl R 85 0 Bl A R (ERR AR 2= | > X% 77 BB RN E Y Y
BH o R N IR R B Y R o SRR E RN S B - DS
e B AT N N i, 2 — D ) e T R B SR BB B B0 = BOq - JRICHI

33

2013/2014 BRI EDE T EIERE A

Ko



w2 0] DUHIEHYE B/ NE A/ NEEBEEO. 40m o FE#E _F EEEES(E RS
0. 40mAyEEERERE_FECHT ©

Motion Sensor Motion Sensor
| Carts |

T

| ” [ - [ - ﬂ IE

To Interface To Interface

Conservation of Linear Momentum in Elastic Collisions

PART lIl: Data Recording &k}t #%

1.

Prepare to measure the motion of each cart as it moves toward the other cart and
then collides elastically by placing a cart at each end of the track. (Be sure the
magnetic ends of the collision carts will repel.) /& RA{E/INEE 57 B HCAEELE AY RN
Ui > ZEGRAE /N [ B PN 5 AR B MR P A A B R

Click the “REC” to begin data recording. f#— [ “REC” ZsftfAtaERIEC
34 -

Gently push the carts toward each other at the same time. Continue collecting
data until the carts have collided and returned to the ends of the track. - [S]HHHH
WA/ I\ B[] 2 AR L 5 RSy - SR EDR) - ELEIW/ NS AR TRl
ERYSEIERIE VR oy

Click the “STOP” button to end data recording. %— T “{ZIF" %45 R E
g -

The plots of the position versus time for each cart will appear in the Graph
display. “Run #1” will appear in the Data list in the Experiment Setup window.
B/ NI B —— R AR &R AR (LR AR B R B R T » Run #LRFHERAEE
b B ERVERNF R -

If your data is not displayed after collection, click on the Autoscale button in the
lower left corner of the graph window. (If the data points still do not appear on
the graph, check the alignment of the motion sensors andthe carts and try again.)
WIRIRUEE T BRI ARURHIZR - #— T ERG & AN any 5 8y s
it o (ARERERMIN LA HBEERT - & B RO S5 NEAYE
o RRER—K )
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Troubleshooting Note:  If your data is not smooth, check the alignment of the
motion sensors. You may need to increase the reflecting area of each cart by
attaching a rectangular cardboard “flag” (about 2 x 6*) to the front of the cart.
To erase a trial run of data, select “Run #1” in the data sets list and press the
“Delete” key. SfREREZFTRE @ AMRIRIVE R LE - fnd s B BRI EHY S
PEAEML IR PTRE TR AR A N RTE A E—BRARETP AR T (K426
7)o RIGR/NERY SRR - BUHEFERERIVER - [CEEEFE
R AL o ZMERIE T “Delete” g -

ANALYZING THE DATAS SR

Find the slope of the position versus time curve for each cart prior to collision and the
slope of the curve for each cart after collision. The slope is the average speed of the
cart. Compare the total momentum of the two carts before the collision with the total
momentum of the two carts after the collision. 43 BIJ#% H4HE /N Rl > miFfii i
Z&HIN B —— R AR ATRER o REREUEE [/ NP 2R - R Ra{E/ N
T8 2 Rl AR ED SRR < (2 AR ED & (FELES -

1.

Click on the Graph to make it active. Select “Save As_” from the File menu to
save your data. Optional: If a printer is available, select “Print Active Display”
from the File menu. % — FIEIF(E ZEE) - {EMETIRER T8 Save As_ZfefR
FIRAVERE - BRfH - AIIRENFRIME AT - (EAETh e R s “HIEE B
AR

Click the “Statistics” button to open the Statistics area on the right side of the
Graph. fZ—F "&uat” #ZAITRRER BT -

Click the “Statistics Menu” button and select “Curve Fit, Linear Fit" from the

Statistics menu. f%Z—'~ “4EEtDIRERR" 4 - E&RETDIRER T “Curve
Fit, Linear Fit” -

In the plot area for the first sensor, use the mouse to click-and-draw a rectangle
around the region of the position versus time plot for Cart #1 that shows its
motion before the collision. 7E25—({E ECHIZS Y HH 4R & - FVE Bd%— T W7 [El&E
1 NER i B —— T 4R P B/ N B 2 e s A s kel — {1
I -

Do the same for the plot of position versus time for Cart #2.  $f2#/NEEAY{ir
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H—— R A SR TR AR (E -

6.  The slope of the selected region is coefficient “a2” in the Statistics area. This
gives the average speed of each cart before collision. Record the average speed
and use this value and the mass of each cart to calculate its momentum before
the collision. FrEElEIsH Y AR RIR RIS TP YA B a2” - B4a T T & (E/]
R 2 Fi H PR - GoskiE (E 2R - I e NERY S E R
SR/ N 2 FiIHYE) & -

. Remember that momentum is a vector quantity, and that the momentum of one
cart will be negative due to its direction of motion. {FEhEE —{ER&E /NEH

EhEE G RERERUARTHYEE T -

7. Use the mouse to click-and-draw a rectangle around the region of the position
versus time plot for Cart #1 that shows its motion AFTER the collision. Do the
same for the plot of position versus time for Cart #2. F)5 Ef%— Nl [E&E1#
/NI B 4R EP?zﬁﬁdﬁ-ﬁﬁjﬁ“z&éﬁL%ﬂ'ﬁiﬁﬂ@@iﬁﬁ%—{%E
1 o E528 B i B R [ R SR T R R AV R (F -

8.  The slope of the selected region gives the average speed of each cart AFTER
collision. Record the average speed and use this value and the mass of each cart
to calculate its momentum AFTER the collision. Remember that momentum is a
vector quantity, and that the momentum of one cart will be negative due to its
direction of motion. FiEElE BT 4R AR T EHE/ N 2 775 5N
SRR o GogRiE P - M ERVINERY A E ARE TR N 1%
NEIE - siFEFEE—EHRE  NENEEES AEEIUANEREE) )T
[ o

DATA TABLEZKIE

Table: % : Cart#l /NEE | Cart#2 /N2
mass ' (kg)
V before & Fijy 2824

(m/s)
mV before Tl Ay E) &
(kgem/s)

V after hififE & HYZE%(m/s)
mV after (kgem/s) hii#E{&
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HyEhE

NHERTH4EEN & total MVpefore =
hE%A4EE & total MVafter=_

QUESTIONSHSRE

1. How does the total momentum before the collision compare to the total
momentum after the collision?fill:$& Fif (1Y 48 &) & A& 1% 148 ) £ A8 bhie a0
fe 2

2. What factors do think may cause there to be a difference between the
momentum before and the momentum after collision? R (T EER 2

TR EANE R AR E B AT E 2

OPTIONAL &l

Repeat the experiment for different speeds. Find the speeds for which the difference
in momentum before and after collision is least. Repeat the experiment with different
masses added to the carts. U A FEHYERE - EEE—HE TRV EIE
RS NEREE - B NEERYAE R E (DRI ) - EEE—ER -

EXTENSION#EF

Use the Calculator Window to create a formula for the momentum of each cart. Add a
plot to the Graph or change one of the existing plots so it displays Momentum vs
Time. Compare the momenum before the collision to the momentum after the
collision. it Eas i G glliE — A - ARt EEE/NEIVEIE - fEEZRP
— A &R R B A Y —RED SR - BEREIZ A IR B8 — — iR e ihag 1 -
rRF bl P Y B SRR P 1 Y Bl B -

37
2013/2014 BRI EDE T EIERE A



2013/2014 SREFEBEERGE TR T EIEA R

[
[u{n}

38



