o present. This means that a candidate

0

I A}RUBRIC — SL PHYSICS
‘ In‘tér“al%‘l‘ssessment criteria .

The new assessment model uses five

 investigation with the following raw

Personal engagement Exploration
2 (8%) 6 (25%)

~ Levels of performance are describec
indicators occur together in a specific

" To accommodate this, the IB assesst
~ teachers to use a best-ﬁt approach i

Personal engagement
This criterion assesses the extent to
their own. Personal engagement maj

include addressmg personal interests
e k1n1t1at1ve m the de51gn1ng, 1mplemer

. Mark
~ The student s report does not

e cntena to assess the final report of the 1nd1v1dua1

marks and welghtmgs assigned:

Analysis Evaluation Communication Total
6 (25%) 6 (25%) 4(17%) 24 (100%)

| using multiple 1ndlcators per level. In many cases the

¢ level, but not always. Also, not all indicators are always
can demonstrate performances that fit into different levels.

ment models use markbands and advise examiners ‘and
1 deciding the appropriate mark for a particular criterion.

which the student engages with the exploration and makes it
Y be recognized in different attributes and skills. These could
or showing evidence of independent thinking, creat1v1ty or
tatlon or presentatlon of the 1nvest1gat1on o :

Descrlptor “
reach a standard described by the descnptors below

The evidence of personal en
mdependent thmkmg, lnltla

~ The Justlﬁcatlon glven fox ch

agement with the exploranon is hmlted w1th httle
ive or creatlvxty ~

osing the research question and/or the topw under
trate personal sxgmficance, interest or curnosxty

o There is little ev1dence of per: ona] input and mltlatlve in the d631gmng, 1mplementat10n

agement w1th the exploratlon is clear w:th sngmflcant
t*lve or creativity. -

The justification given for chopsing the research ques‘uon and/or the topic under

~ 1 ~ investigation does not demon
~ or presentation of the investigation.
The evidence of personal en
mdependent thinking, initia
2

. Thereis ev1dence of personal
i presentatlon of the mvestlgatldn, -

1nvest1gat10n demonstrates per:

sonal sxgmﬁcance, mterest or cur1051ty

input and 1mt1at1ve 1n the de31gmng, 1mplementatlon or

AR



Exploration

This criterion jassesses the extent to which the student establishes the scientific context for the work, states
a clear and fo¢used research question and uses concepts and techniques appropriate to the Diploma S,
Programme level. Where appropriate, this criterion also assesses awareness of safety, environmental, and e
ethical considerations. -

Mark

0

3.4

5-6

Pescriptor =
The student’s report does not reach a standard described by the descriptors below.

The topic of the investigation is identified and a research question of some relevance is stated but -

itis no focused

The ba kground information provided for the investigation is superficlal or of 11m1tecl relevance
and do s not aid the understandmg of the context of the mvestrgatlon - G

The mel

hodo]ogy of the investigation is only appropriate to address the research questron toa very‘ .

limited |extent since it takes into consideration few of the srgmﬁcant factors that may 1nﬂuence the .

relevance, reliability and sufﬁcrency of the collected data

The report shows ev1dence of limited awareness of the srgmf cant safety, ethlcal or envrronmental .

1ssues that are relevant to the methodology of the mvestlgatlon* .

described.

The ba
aids th understandmg of the context of the mvestrgatron

The me ‘odology of the mvestrgatron is mainly apprOpnate to address the research questlon but
has limitations since it takes into consideration only some of the significant factors that may

; mﬂuen} e the relevance, relxablhty and sufficiency of the collected data

. The re; ort shows ev1dence of some awareness of the 51gn1ﬁcant safety, ethrcal or envrronmental
 issues that are relevant to the methodology of the mvestlgatlon*

The topic of the investigation is identified and a relevant and fully focused research questron is o
clearly idescnbed ; ; ;

enhances the understanding of the context of the investigation.

~ The methodology of the investigation is highly appropriate to address the research questron o

The topic of the investigation is identified and a relevant but not fully focused research questron is |

-kground information provided for the mvesugatlon 1s mamly approprrate and relevant and “ ‘; .

The ba%kground information provided for the investigation is entirely approprrate and relevant and . .

because it takes into consideration all, or nearly all, of the significant factors that may 1nﬂuence the .

releva lce reliability and sufficiency of the collected data.

The report shows evidence of full awareness of the significant safety, ethical or environmental
issues that are relevant to the methodology of the investigation.* '

* This indicator should only be applied when appropriate to the investigation. See exemplars in teacher

support materjal.

iy



~ Analysis

This criterion assesses the extent to which the student’s report provides evidence that the student
has selected, recorded, processed and mterpreted the data in ways that are relevant to the
reSearch question and can support a conclusjon. o

: ;Mark

: could support a Simple or p

3.4

Descrlptor ; g ;
reach a standard described by the desenptors below :
nt relevant raw data to support a valid conclusion to the

The student’s report does not

The report includes insuffici
research question.

47

Some basic data processing is carried out but is either too inaccurate or too insufficient
to lead to a valid conclusmn - L .

o The report shows ev1dence of] httle con31derat10n of the 1mpact of measurement

uncertamty on the analys1s

The processed data is mcorreq :tly or 1nsufﬁ01ently mterpreted so that the concluswn is

invalid or very incomplete. ~ ;

The report includes relevant but incomplete quantitative and qualxtatlve raw data that F
ially valid conclusion to the research question. .

?Appropnate and sufﬁ01ent daﬁa processing is carried out that could 1ead toa broadly valid

conclusmn but there are significant inaccuracies and mconswtenmes in the processmg

The report shows evidence of some cons1derat10n of the 1mpact of measurement ‘
uncertainty on the analysis. ~ ~

The processed data is interpreted so that a broadly valid but mcomplete or limited

conclusion to the research question can be deduced. ;
‘The report mcludes sufﬁment elevant quantltatlve and quahtatrve raw data that could

support a detalled and valid conclusion to the research questlon

Appropnate and sufficient dat

processing is camed out with the accuracy requlred to

enable a conclusion to the research questlon to be drawn that is fully consistent with the

experimental data :

The report shows ev1dence of

full and appropnate con31deratxon of the 1mpact of

‘ measurement uncertalnty on the analys1s

The processed data is correcﬂy mterpreted so thata completely valid and detaﬂed
conclusion to the research question can be deduced.

NIy




‘ E*&aluation

This criterios

1 assesses the extent to which the student’s report provides evidence of evaluation of

the investigation and the results with. regard to the research questlon and the accepted scxentlﬁc

context.

Mark

Descriptor

0 The s

dent’s report does not reach a standard described by the descriptors below.

A corj:lusion is outlined which is not relevant to the research question or is not supported
by the data presented

The c nclus1on makes superﬁc1al comparison to the accepted smentlﬁc context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources
of errjn' are outlmed but are restricted to an account of the practical or procedural
issue faced .

The student has outlmed very few realistic and relevant suggestions for the improvement
and extension of the investigation.

A confr:lusmn is descrlbed which is reIevant to the research question and supported by the

esented

kiA conclusmn is descnbed Whlch makes some relevant companson to the accepted
‘ sclentlﬁc context.. ‘ o : :

Strengths and weaknesses of the mvestlgatlon such as limitations of the data and sources
of error, are described and provide evidence of some awareness of the methodological

issues™* involved in establishing the conclusion.

o The student has descrlbed some realistic and relevant suggestlons for the i 1mprovement |
~ and extension of the investigation. L

56

. A conClusion is described and justified which is relevant to the research quest1on and
o suppoined by the data presented. . .

A con{clusion is correcﬂy described and justified through relevant comparison to the

accepled scientific context.

|

Strengths and weaknesses of the investigation, such as limitations of the data and sources
of errdr, are discussed and provide evidence of a clear understanding of the

‘methodological issues* involved in establishing the conclusion.

The student has discussed realistic and relevant suggestions for the improvement and

~ extension of the investigation.

*See exemplars in teacher support material for clarification.

\A-4



L 5 1‘ 2 :-process and outcomes is mis

- Communication

- This criterion assesses whether the mvestxgatlon is presented and reported in a way that supports

 effective communication of theﬁfocus, process and outcomes.

 Mark

Descnptor

0 k The student’s report does not reach a standard descnbed by the descrlptors below.

 The presentation of the inv
~ focus, process and outcom“

. The report is not well structured and i is unclear: the necessary mformanon on focus,
1ng or 1s presented in an 1ncoherent or dlsorgamzed way

The understandmg of the focds, process and outcomes of the 1nvest1gatlon is obscured by :

‘stlgatlon is unclear, makmglptdlﬂ:‘" icult to understand the b

the presence of i Inapproprlate or 1rrelevant 1nformatlon

- There are many errors in the

The presentation of the inve stlgatlon is clear. Any errors do not hamper

. understandmg of the focus, process and outcomes

. The report is well structured cnd clear: the necessary mformatlon on focus process and
. ‘;outcomes is present and presented m a coherent way - -

L The report is relevant and conc1se thereby facrhtatmg a ready understandmg of the focus

‘ process and outcomes of the i nvestlgatlon

The use of subject speciﬁc ter
errors do not hamper understa

*For example 1ncorrect/mlssmg labd
F or 1ssues of referencmg and 01tat1“ n

lhng of graphs tables, 1mages use of umts decimal places.
S refer to the “Academic honesty sectlon ~

se of subject-speclﬁc termmology and conventrons* - .

mology and conventlons is appropnate and correct Any
ndlng o ‘




Name

Period

Grade Criteria

Reasons/Comments

o

/2 arsonal
ngagement

m

b /6 | Exploration

B mawaes ]

[ /6 | Ealuation

= /4

ommunication

/24




Investigation 7 (annotated)

‘pressure of the ball
pefficient of restitution. -

ang,

When | started thinking abou
that was refated to sports Afteranu
ball would be a good lndependent va rab!e and the rebound helght afthe dropped ball would

v ecause | had ;ust started

possible investigations | knew | wanted to create a lab

| Coefficient of Restitution ; : .
‘ The Tisja mathematlcal way of showlng the elastiqty of a.
collision, it r.an be used when two moving objects collide or when a moving object hitsa.
stationary object. In my investigation moving objeg:t (ak soccer ball) will collide with the :
ground. There are many formulas to chiculate the coefficient of restitution depending on the
data that you are given, but the one lr ed below speciﬁcallv deals with the he:ght of ball

bounces.
Ci _ |Rebound Height
— .} Initial Helght .

If the collision is perfectly elastic, mearing that no energy is transferred, the coefficient of

- coefficient of restltution is 0, the colhsx bn is compietely melasuc and all energy is transferred
from the ball to the ground, frlctlon, sound heat and other forms of energy loss. This would
mean that when the bafl drops, it does 't bqunce back,

The soccer ball is first ralsed-up toa specmc helght In this a&:on energy ls bemg

energy is gravitational potential. As thelball is released, gravity accelerates it towards the

ber of ideas, | thought that changmg the pressure of the :

= restitution will be 1. Colfisions are not perfectly elastic because energy is lost on col)islbn fthe

_transferred from the person to the ball| When the ball is resting at its maximum height all of its.

; @ - Physics teacher support material
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Investigation 7 (annotated) =~

ground Asiit is accelerating, the energy is transferred from potential energy to kinetic energy.
he instant it hits the ground all of the energy is kinetic energy but it is qu:ckly transferred to
}Iasttc potential energy when the ball deforms. The elastic potential energy is then transferred
0 kinetic energy again when the ball rebounds back up. This kinetic energy is then transferred
0 gravitational potential energy. At any part in the path of the ball, the energy is a combination
of kinetic and potential. !
| When the ball rebounds back up it will not reach its original height due to energy loss.
e energy loss occurs when the bail hits the ground. Energy is loss to sound and heat. When
he bait loses energy it is not able to reach its maximum height. f

aximum rebound height?

ndebéndei\t‘vari‘able: In this experiment | will be testing the impact of three different .
ariables on the rebound height of the ball. The most important variable that | will be changing
s the pressure of the soccer ball. In order to enhance this experiment [ will change the surface

_ that the ball bounces on. The three surfaces that { will be using are grass, stone and dirt. { will
also be investigating if the s:ze of the ball affects the rebounﬁ height. I will be using size 1, size 3
and size 5 soccerballs.

k Dependent Variable; The dependent variable in thns expenment will be the rebound height of

. |the soccer ball. L ‘ :

ontrol \lanabie In this experiment there are many
: snsure our re5ults are as accurate as possible. Control variables are used to ensure that only
 lone variable is bemg changed in each experiment. Since this mvest:gation deals with three
o Independent variables, only one wil] be changing at a time. Here is a list of the control variables:

: Héight that the ball is dropped: The ball will always be dropped from 150cm above the
 test surface. :

Surface that the ball is being dropped on: When change the pressure of the ball the
surface will remain the same for all trials.

Soccer ball: The size 5 soccer ball that is used will always be the same for every trial. The
same goes for the size 1 and size 3 soccer balls. :

Materials: Laptop, Vernier LabPro interface, Motion sensor, Meter stick, Air pressure gauge
(measured in Lbs.}, Alr pump, Size 1 soccer ball, Size 3 soccer ball, Size 5 soccer ball, Grass area,
Dirt area, Limestone Area, Pole (at least 1.5 meters high}, Chaxr/table to help ho!d apparatus
during data collection.

s that v WIH beputinplaceto ..

AN
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Investigation 7 (ennbtated)

pw e

" ‘motion sensor ) ~
. Inflate size 5 soccer ball to 12 Lbs, :
Hold up the ball so the middlelis atthe tape (150cm)

Start collectmg data with LabP o
;Dropball i : G
‘Stop data collection when ball|has bounced and returned to the ground :
~.10. Save data,
11. Complete 3-5 trials for each b 11, pressure and surface. .
12, Once all trials are completed, gnalyze data and record in data tables. -

VN

35@{5[/5«@ Con derations-

- Ensure the monon sensor is se ur‘elyipl‘aced on the table. Use tape to keep itdownif -

necessary s L :Lﬁ‘:; L : 2

"~ - Place your laptop as far from the bouncing ball as possible to ensure it does not get hit
by the reboundlng pall. r .y

1 collected the data wuth the motlm sensor and saved the data (data table and graph) on my =
laptop. Once | was finished collecting ali the data for my investigation | analyzed each tnal and
recorded the initial and rebound height. :

Here is a screen shot of what the g ph looks hke when aballis dropped Thls grap is one
of practice drops, but it clearly shows what an ideat bounce would fook fike. They axis shows -
the position of the ball from the motio sensor, not from the ground In this example the ban - T
starts 0.456 meters away ‘from the senor. : ! k

- Beside seeinga visual of change in osmon, LabPro records : ku‘l
the data (see next page} in a table and a graph (on the right).

P
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investigation 7 (annotated)

| From 0.80t0 090 seconds, the ball is stilf at its original position. At 0.95 seconds the ball hits
the ground, bounces back up at 1.00 secbnds and returns to the ground at 1.05 seconds.

To calculate the distance it bounced up Hooked at the position column. The ball starts
45.6cm from the motion sensor. it then hits the ground that is 60.2cm from the motion sensor.
is means the ball dropped 14.6 cm (60 2—45 6}. The ball then bounces back up where it is now
.0 cm away from the motion sensor. The ball rebounded 13.2cm (60.2-47.0) after it hit the
ground

{ ;beiow show the data coliected from my experiment. The

‘ ‘processed data for this lab is the coefficient of restitution. I have included
the coefficlent of restitution in the raw data table so you can easily see
how when the rebound height decreases, the coefficient of restitution
decreases. | expected‘to see this relationship because a lower coefficient
of restitution means the collision is more inelastic, and a fower rebound
height means that more energy is lost during the colhs:on.

; E Pressure (+/- T
ieight rebounded i 80 iy )
¥rial 1(+/: 0.1¢m) pones] osral 62

et 2 02em) Cwral o ese] Coa3) a3l aa
Toial 34/ Odem) ) w7l sl ee
Aversge {+/- 0.01cm) 1087 | 86.9 23| 228) 55
Caefficient of restitution (+/- 3.8x10%} o2 o8 05 04 0.2
pirt - : . : Pressure (+/- 0.51bs.)
Height rebounded - : 100 80 . 6o} . 40 20
Tral e/ 0dem) L o3 vaa] 2t szl oo

Avdal 20 026m) ool oo ‘ : x4 usf 00
Tal3e-0dem) 0.0 00 55 | 131 0.0
Aversge (+/:0.01em} o1 08 55 sl o oo
Caefficient of restitution (+/- 0.0} ol 01 | e2f o3 0.0
Grass e : Pressure {+/- 0.5Ibs.) K
Height rebounded: 10.0 8.0 6.0 4.0 2.0
Trial 1+/- 0.1cm) 87.3 68.6 339 21,2 4.0
Trial 2(+/- 0.3cm) 794 | 1 na D323 184 16
Trial 3(+/- 0.1cm) : 8281 747 29.0 189 el
Average (+/- 0.01cm) T 83.1 75 ; 317 195 53
Cosfficient of restitution (+/-3.2x10%) " | 07 07| ‘ 05 o4 0.2

4
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Inveétigation 7 (annotated) L

10 -

0.8

o
o

Coefﬂcient of Restitution

00

v —

10

- 120

0 PressureSigo 0.5 Ibs 8.0

b

don for ife 1 soccer ball. The three different symbols represent different ..
surfaces, ** ‘Vertrjrl error bars are too small to be visible***: .

Size 3 Sbcce}' Ball ;

0|

Stone Pressure {+/- 0.51bs.) :
Height rebounded 10.0 20l 0 40 20
Trial 1{+/- 0.1cm) . 92.0 727 4 138 21
Trial 2{+/- 0.2cm) . 928 721 410 25,2 1.8
Tria)3{+/-016m) o921 730 . 338 171 | 32
[ Average (of-00%em) | e23| 728 364 187 24
Coefficient of Restitution (+/-3.6x10%) 08 07 05 04 01
ot : g Pressure (+/- 0.5bs.)
Helght rebounded . 100 ‘80 B 60 4.0 20
Trial 1{+/- 0.1cm) 00 30 40 so0) oo
Trial 2(+/- 0.1cm) 00 20 60 80| 3.0
Trial 3(+/-0.0em) - 00 00 50| 110 0.0
Average (+/- 0.01cm) 0.0 17 6 93 2,0 |
Coefficient of Restitution { 0.0 0.2 0.2 0.1
Grass . ; Pressure (+/-0.5lbs.)
| Heightrebounded . 10,0 ] 8.0 60 20
Teial 1{+/-0.1cm) 720 710 | 250 110 40
Trial 2(+/- 0.3cm) 760, 670 | 220 130 6.0
| Trlal 3(+/-0.3cm) 740(| 680 10 80 40
| Average (+/-0.02cm) 740 || esa| 160 10.7 a7
Coefficient of Restitution (+/-3.3x10). 07 07 03 03] 02
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Investigation 7 (annotated}

B:

10 ~—«—~—-——sue~3-$occerl3.:

3 :
£ o6 ; /,b:mr-—?;w.ooes
£ e
2 o : # Stone
5 ; . ® Grass
%’ %2 G48Ex2 + 0. soé& pirt
S oo .

g 2.0 4.0 6.0 8.0 10.0 12,0

0.2
Pressure +/- 0.5 lbs.

: _G'raph 2 oeff'c-ent of Restitution for size 3 saccer ball. The three dlfferent svmbals represent different
s rfaces. "**Vemcal error bars ore too small to be visible*** i .

- Size 5 Soccer Ball
Cosone | pressurew O.SIbsl :
| Heightrebounded . 120) o eo : 70} 40| 20

[riaf i{+/-0dem) = | g8 731 : gz 17.2 61
Trial 2(¢/-0.dcm) 28| ero oooze8 o a1s 88
Trial 3(+/- 0.1cm S| 893 a7 | ‘az2} 182 42
Average {4/-001cm) seo|l e} 414 190 54
Baefficient of Restitution [+/-3.5%10%) o8| 07| oS 04l 02

bt = Pressure (0[- U.SIbs) L ~
Helght rebotnded = 120 90] 70] a0 20
Teial 1{+/- 0.1cm) 0.0 3.0 60 s0 | 0.0
ITrial 2(+/- 0.1cm) 0.0 0.0 oo anf 10 0.0
frclal 3(+/- 0.1cm) 0.0 0.0 50 130 0.0
laverage (+/- 0.01cm) 0.0 1.0 sol 110 0.0
Coefficient of Restitution (+/- 0.0} 0.0 0.1 0. ‘r 0.3 a0

- |orass Pressure {+/- 051bs.) o
Height rebounded 120 2.0 S 700 a0) 20
[ Trial 144/ 0.10m) 79.0 64| 381} 10| 57
Trial 2(+/-0.1¢m) 803 s.1f o a7el sa a3l
Trial 3{+/- 0.1cm). 768 679 i 034 132 601
Average (+/-0.01cm) 789 eas)  3s7] wse] s3]
Caefficient of Restitution (+/- 3.2%107) 07 07 Sl a5 o3l 02
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Investigation 7 (annotated)

10 -..Size 5 Soccer Ball
£ 08 = ¥=0.0597%-+0,10%
3
206 ;
g o Ok T ‘ o % Stone
3 e g Y E 0005 T OB ISR ¥ 02252 = 0;Ees M. Orass 4o
& o T VEUODISRTOTRT S oA DA L o
g 02 e _\ k k
2 .00 - i~ - T . = i
2 0298020 40 60 80 100 120 140

Pressure

Graph 3: Coefficient of Restitution for sizie 5 soccer ball. The three different symbols represent different
surfaces, ***Vertical error bars are tao small to be visible*** Gn

Grass
O 100 e :
v o 1 L I 2 A =
= 50 ; G
£ N &* ~ Siz
B E. O -»«-’3———&————————-—-—————7 .
Ei 0 Sbs o 00 15 :
3 . | Ppressure (+/-05Lbs) ‘
‘ 2 . i
“Graph 4: The hist_yquﬂs the rebgund height of the three balls when they are dropped on grass. . .
120 o - -
i Stone >
E 100 -
s
i ¢ B 2
T ;
s Ry
5 60
3 i
g 0 : & : ts o
$ 20 i
o o - - - e,
0 I W I
3  Pressure (+/- 0.5Lbs) .
Graph 5: This graph shows the vebound hejght of the three balls when they are dropped on stone.
7
dD Physicsteachersupportmatekial . : . kk o k b s 7

)& 1>




: lnvestig‘ation 7 (ahnot‘ated)j .

- Dirt
Pel g -
cga 0 e g 8 ; ‘&‘ b : ‘
8 el 5. 1015
& ‘Pressure(+/éo.5Lbs)~ s =

Iraph 6: Thrs graph shows the rebound herght of the three balls when thev are dropped on dirt -

onclusion and Evaluation ! - : .
- This experiment confirm: | tween the pressure of a soccer ballandthe .
debound herght of the bal! | also investigated if the surface whrch the ball bounced on affects
he rebound helght. The data | have collected shows the same relationshlp forall three sizes of :
occer balls. For grass and stone, thef he pressure increase A
near trendline was used to fit the data. When th balf bounced on dirt, all three sizes .
k esponded the same way to a change in pressure. At the hlghest and lowest pressure, the
o rebound height was [¢] except the size three bali rebounded 1cm when the pressure was 2 lbs
; ks the pressure increased by 2 !bs the rebound hrgh increased approx:mately 12cm. This was
i the maxlmum helght reached by the ball when it bounced on drrt As the pressure 1ncreased
 from4 lbs to 10 ibs. the rebound herght decreased lmear!y o ~

: Nhen the soccer beus were dropped wrththe same pressure on the
. he rebound height was the highest with the stone, followed by the grass and then the dirt. The ‘
- ebound he!ght was higher with the stone than the grass | because there is some grass between
- thebalfand the grass Although the baﬂ was not rollmg on the grass,there is frlctlon as the bail
Talls vertrcany through the biades of grass. Asthe ball falls on the grass the blades bend out to
 the side from the weight of the ball. This is evident when you ook at'the grass after the ball hit o
the ground, you canseean lndent inthe’ grass The frlctron between the stone and the soccer
ballis negligible in companson with the ffriction -presented by the grass, The ball's higher
rebound height on the stone is also due to the compactness of the drfferent matenals The
 stone is a much denser than the grass whach means the bali deforms rriore as it hits the stone
o causmg it to Iose Iess energy when it rebounds. The grass is cushlonrng the ball as it hlts the
- ground whxch causes the rebound helght to be reduced o - - :

hen the ball bounced on drrt at low pressure our results were expected the ball reached a
very low rebound hefght As the pressure mcreased the batt started to bounce higher, again this -
is what I expected The resuIts then veered away from my hypothesrs as! contmued to mcrease

@ Physics teacher support material
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Investigation 7 {annotated)

the pressure. When the pressure reacl 1ed about 6 Ibs. the rebound high started to decrease

again. This can be seen in graph 6. | th
increased, the ball became ﬂrmer Wh

nk that this trend was observed because as the pressure
en the ball became firmer it hit t.he ground witha

greater power. This ca used a brgger indent in the dirt {since it was soft} wh:ch cushloned the

ball.

if energy is never created or destroyed
: are dropped from the same herght? S
: »rg\},. My concly
the ball is more deformed than when 2
deformed to a large magnitude, a larg
more energy is transferred into the gr
it is harder for the ball to regain its ori
ballis essentially smal!er This means t
ball more frequently causing the ball t
and the area increases, the number of
means that there are weaker forces to

, Why do some balls bounce higher than others if they
nce they are dropped from the same height, they have
Jslon is that when an under i
n over inflated ball hits the ground When the ball is

T portion of the surface hits the ground. This means that
und. Also since there are fewer gas molecules in the ball,
inal shape. When the ball deforms the area inside the
hat the air molecules are celliding with the side of the
regain its shape. When the ball is regaining its shape
collisions with the surface of the ball decreases. This
‘push’ the ball off the ground. ¥ e

humber of molecules msnde the bail is. greater This means that as the ball de orms the -
collisions between the molecules and tpe soccer ball are more powerful and at a greater

;kfrequency - This causes the ball to rebo

Jl’\d faster and with a greater magmtude

“The dirt was not very hard pécked 50 it} cushroned’ the balls as they fell This was a source of
energy loss. Due to the ‘cushion’ effect| of the dirt, the rebound height was sxgmflcantly Iower

than stone and grass. This can be seen

Besides energy loss to sound, heat and
~due to air resistance. When the ball fel

n graph 1,graph2 and graph 3,

frrctlon asthe ball hit the surface, there was energy loss
| from its initial height | assumed that all the energy was

transferred to kinetic but in fact some energy is transferred to the air. Therefore it is not

possible to reach the initial height whe

to sound, heat or friction on the ground.

h it rebounds back up, even if no energy was transferred

1sed some problems with the data collection. The ball

ed ball hits the ground, -

- didnot always bounce ina perfectly vertical manner. It would rebound on én angle causing the
_ . motion detection to record incorrect values. Since the ball was travehng atanangle, the vert:ca.
- component of it was smaller than it woyld have been if it bounced straight up.

When processing my data | was only concerned with the first rebound height, not the
successive bounces. The data for the first rebound height seemed to follow a general trend and

the trials seemed to be precise but | dot

"t think the actually values for the rebound height are

accurate, Some trials show that the second rebound is higher than the first rebound. From

N

@ Physics teacher.support material

45



Investigation 7 {annotated)

quahtatlve obser\ratlons | know that thlS did not occur,

detail when { explain 1mprovements to the lab.

.'thls investigation | could ensure all the balls were made from the same brand and

differently on the three surfaces. The material of the size 3 soccer ball seemed worn'in
comparison to the size 1 and size 5 soccer halls.

Next time | would have used a dirt surface that was harder packed. Since the dirt was Ilghtly
backed every trial made the dirt harder packed for the next trial. Th:s means that the later trlals
would essentially be bouncing on a different surface because the dirt would become Jess.
absorbent’ as the ground compresses.

Ife] xmprove my mvestlgatlon ] would set LabPro to coilect data from the motnon sensor every

reached hit the ground and start bouncmg back up before data is collected for its maximum
displacement. If the data was taken every 0. 01 seconds our data would be more precnse to the
real displacement of the ball.

To further investlgate the optimal conditions for a'soccer ball | could explore the relationsmp
between the d ‘and rebound height. Different balls have dlfferent
aerodynamics due to the dlfferent design of the ball. Some are made out of hexagons and

of the balil affects the velocity that the ball has when it hits the ground | would expect that at
diffarent velocities the rebound height would change. L

10

0.01 seconds instead of every 0. 05 seconds. Since the ball bounces so qunckly, it could have L

bentagons (the traditional way) while others are made with. irregular shapes The aerodynamlcs

nade from the same material. The material of the soccer balls used in this experiment were all
different. The different materials have different properties that could have made them react L

N
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L |A Physrcs Typed please

1. A clearly wrltten focused problem statement
a. Independent variable
' b. Dependent vanable
c. Comprehensrve list of controlled varrables c {
2 Outline procedure (numbered list, not a paragraph does not need to be complete sentences)
_ ~~~f:f‘a.” Must mclude all measurements that need to be taken . &
- b. Must mclude “HOW” each controlled value will be controlled
Must mclude repeat steps as needed . ~ ~ ~
remember you will need to change the mdependent vanable, mmrmum of 5
drfferent values, and reasonable range of values : ‘
ii. remember you will need to r peat each measurement (mrmmum of five trmes) :
1 if the value repeats exactly the same each tlme thrs can be wrltten |n
thereport S = = : . o

3. Analysrs ; : ; :
. lf you are domg a lab to determme avalue o ~
~ Starting with an equatlon show the algebraic steps leadlng to an explanatlon of o
1. what is graphed on each axis ‘ ‘ ~ ~
~ - how the slope is related to the value you are expected to determme
b For all labs you must include everythrng you need to do to be able to make your graph
. . ‘ (conversrons calculated values, etc ) L S = =
4. Raw data table ~ . ~ -
o .lust the format of the table labeled rows, labeled columns (specrf c varlable names
. units) . ] ‘ :
5. Processed table
a. lust the format of the table, labeled ows labeled column
i Values to be graphed must all ppear on this table.
6. ~~‘lf possrble at thls trme get a single set of raw data so that y you know ‘it works

pecific names, units)

Also plan to take photos when you do the lab! These Will be included inyour final report!

Nress
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Top:c 1.1 - Measurements in physics Formatlve Assessment
k : NAME ) : TEAM: .
- THIS IS A PRACTICE ASSESSMENT Show formulas substrtutrons answers (m spaces provrded) and unltsl

1. Find the difference in order of magnitude for the following comparlson The size of the atom to the
size of the nucleus ‘ ‘ 1.

. :‘{Fmd the order of magnltude for the followmg calculatlon The time it takes light to transverse a
quark c e - v W v

Which equation must be wrong? Note thattisins, visinms?, aisinms? xisin m, Fis in kgms?

and misinkg. : ‘ 3.
a a=Vx < - a=V/t : ‘
_b, v=at d  a=F/m

. ‘Convert 484 mish? to feet Be sure to show each well chosen one.

Estimate how ~many kilograms are ina 225;pound man.

| . Using the technique of the well-chosen one, convert the quantity 125 km into its equivalent in mm..

. 6.

Estxmate the amount of time. 1t takes hght to travel from a batter to your eye lf you are seated in o

center fleld at Mlller Park 315 feet away 1 meteris about 3 feet 7

Find the line’s length to the maximum number of significant figures allowed by the centimeter ruler.

9. Determme the number of sngnlﬁcant ﬂgures in each of the followmg
© (a) 00015 _ (b)0.15 e )1500 L c(d) 1.0005

:(é)i.oooso L 7~(f)o.ooo1oooo N 6.35x10° __ (h)160x10%

- 10. Compute the foiiowmg quantmes to the correct number of sxgmﬁcant ﬂgures

k ‘(a) 50000><2 . (b)50000x20 | ()25><1oz—425 | (d)25><10 -250

(e) 2.5x10%~2.500  (f) 5.0000 + 2  (g) 2.5x10%-1 (h) 2.50x107+ 4.50
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For questions 1. through 4.
consider the line shown here:

‘ What is the raw unkcertalknty in your answer from problem 3? 4.

~ Topic 1.2 — Uncertainties and errors ‘ ~ Formative Assessment
NAME: ‘ k TEAM:_
THIS IS A PRACTICE ASSESSMENT. Show formulas, substitutions, answers (in spaces provided} and units!

What is the measured length of this line in mm? Use the amount of significant flgures a wooden ‘
meter stick is capable of supplying. 1. ‘

What is the precision of this measurement? 2.

If the above line is one side of a perfect square, what is the area of that square, taking into account
the correct number of significant figures and the correct units? Note that area is length times wndth
and the Iength equals the width in a square. 3.

A student measures a /me to be 3.8cm +0.1 cm.

5.

6.

10.

Find the absolute uncertamty in the measurement 5.
Find the ‘raw uncertamty in the measurement | . ‘ 6.
Fmd the fractronai uncertamty in the measurement . 7
Fmd the percentage uncertamtykln the measurement 8.

A flagpole is placed on the roof of a house. A student measures the ﬂagpole to be 4.25 m £ 0.05 m :

The same student measures the height from the ground to the base of the flagpole to be 6.40 m £
0.15 m. If the flagpole is mounted vertrcally upward (straight up) how far is the tip of the ﬂagpole . - k
. above the ground. Be sure to use significant figures and mclude araw uncertamtv wrth your answer -

9.

A car travels 250 m + 15 m in 12.2 s + 0.2 s. Calculate its speed. Be sure to use significant figures and
include a raw uncertainty with your answer. 10.

W S2




k A tab/e of data was created bya student durmg an experlment in Wh/ch a paper heI/copter was dropped

from various he/ghts

11 Complete the |ast column | Height ‘ ~ Fall Time R Average Fall
ofthetabk . f§~ ;H/fn . = Ti/s fff ‘  Time
AH=201m: | w0 o 0 AT =8028: 0 2o b o Ts

: ‘:‘12.;D0eks it appearfthafikthe‘

~ Triall nmz Trial3 | AT,=

student has done the ; . AR e p £
S e ¢ 10 14 17 | 16

right number of trials and

variations to satlsfy the 127 20 22 - ] 18

20 vy 274 0 2.7

~ internal assessment p

~ requnrements of the 1BO? | .25, b 32 | 37 | 34

Be sure to. explaln very;‘

30 | 39 | 38 | 42

clearlyyourreasonmg o 12.

X 13. :Create a graph Wthh plots Average Fall Tlme VS. Helght Be sure to label the graph properly

14. C ‘On the same graph sketch the vertlcal error bars on each pomt “ p{ - 14.1 : See gragh :

15. Oon the same graph sketch in your lme ofbestﬂt ; L r 15, _See graph

~1‘6,‘:;“;Calculate the slope of the hne of best ﬁt Be sure to mclude the units.

a 17 :From yourgraph determme the mtercept Include its umts R 17

“11‘1‘8‘.‘;0n the same graph sketch in the maxnmum and mmlmum slopes usmg the flrst and Iast error bars -

‘klasyourgmde . 3 : . : a2 18. Seegaph

19, ‘:Cial‘culate the:mlnirnUm_and maximum slopes. Be sure to include the unlts 19..

- 20. C‘alcuelate’che“uncerta‘in‘tyoftheslop:e; ' d 2 - - 20.

k 2‘1,3‘W‘hat are the interceppsof the llnes;representing the rnlnlm‘u‘m and maX|mum slopes? o

22, Calculate the uncertamty ofthe mtercept ~ ;‘ . L bl

“ 23. ?‘State |n words the slope (and uncertamty) of your graph and its physrcal meanmg

24, State, in WOrds, the intercept (and uncertainty) of your graph and its physical meanlng.;‘,ﬁp

peveee

13 Seegraph [






