| E::ZT;;:Q Skill 1: Measurement of Length & Time

Measuring the Length of a Box

Usmg a Ruler cm

11

II|IJ

a) Write down the
length L of the box in centimetres and include the unit symbol.

31 e

1 The diagram shows a M 4 b 6 [/ 8 Y
ruler being used fo |1mlhu||:|u|:u|||||rl||l||[||||$|||ll|1|l|||1‘;|||l|mlmlhulh ) drm bl
measure the length | SRR [ R
L of a box. Lo E R o

b) Write down the length L of the box in ST units and include the unit symbol.
©-08%L wn

8L e

¢) Write down the length L of the box in millimetres and include the unit symbol.

10” as a power of 10. -
O-0¥ L B« lo

d) Write down the length L of the box in ST units and in scientific notation using as

2 The experimental uncertainty in a measurement may be taken as the smallest
division on the instrument’s scale.

a) Write down the experimental uncerfainty AL for the length L of the box in
millimetres and include the unit symbol.
iy |

— arw L N

quoted. Explain what is meant by the significant figures of a measurement,

The nwembar of C:C\U\.YQS
amowin o1k Sovmie ~ Parallax Error
confiduce (t“f{' Jstﬂi
£ ‘Qf'klmc-\—ke_
¢) Write down the length L of the
box in SI units, with its 6 7 8 9
IIIIH||IIEIIEII|IHI|IU_|J_Lj_‘-:

experimental uncertainty AL. and
give the humber of significant
figures it is quoted Yo.

L AL = (82+51) x 10°m to L sf.

3 The diagram illustrates the common
error of parallax when reading a
ruler.

a) Explain what error is caused by
placing the eye in the wrong

position shown. Correct positi
. position
Wrong position of the eye

AN Lr~CaC Cial c..’.\i'e, of the eye \@@/

b) The accuracy of a measurement is indicated by the number of significant figures
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b) Explain what must be done to avoid parallax error.
140 S . &T"\ow e ?-»-J\e_, {lﬁ-bu-lﬂ Q..«}\'\ w\w ‘(‘3 %L\q_ S(_.c,&\ce_

Usmg a S'I'opwa'?ch | Golf Ball Rolling Down a Slopel.;

4 The diagram shows a digital stopwatch
being used to measure the time T for a golf
ball to roll down a slope. Several values are
taken.

a) Each reading is taken by starting the
stationary golf ball at the top of the
slope. Why is this necessary?

C MSiav-e  cn ( v ‘Le_(k' (LﬂAkVDL u( Va—-.l/u M'ﬂ‘&S)
b) The reading shown by the stopwatch in the diagram is 2.23 s.
(i) Write down the experimental uncertainty At that this reading for the time

suggests.
T o0-01
(i) Worite down the number of significant figures this reading is accurate to.
3 S e - ("\q '
) -

¢) The table below shows the results of the taking several measurements.

T (s) 238 (212 |267 | 256 | 278 | 248 | 263 | 223 | 239 | 298

(i) Calculate the average value, showing your working OENTIFIC CALCULATOR
clearly. m— =
Loal-slo = 2929 | 3527
.. : : I-s x2 10%  x? |
(i) Write down the average time fo the correct number ﬂoﬂ n (%)
of significant figures as indicated by the above sint cos-ltan-!
data. i [ENGHHIEOSI (tan) (+/5)
- § 1« tz:]E8%[t98) [ c](oN)
(iii) The range R of the data is defined as the maximum || U4 JXJLs]
value minus the minimum value. Calculate the range. || (12 EBI(+](Z)
L-G48- 20k = ©-86 @HEEE

(iv) The experimental uncertainty At in the average time 'r is taken o be half the
range R. Calculate At

A+ = ©- %517 = O-UJ
(v) Give an explanation why the experimental uncertainty At in the average fime
t is much larger than the 0.0l s @ j cy of The s’ropwa‘rch

At s Ca  Fes
PQ&C%'tOn + Ve Q/V‘V‘C)I"‘-

MMCJ\V\
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Formative

 Exercise Skill 2: Reading Scales

Using @ Measuring Cylinder

F

1 The diagram shows a meastiring cylinder containing a
volume V, of water. A steel ball is lowered carefully
into the cylinder so that the volume of water is
increased to V..

a) Write down the volume V, of the water in
millilitres and include the unit symbol.

3§ L

b) Write down the volume V, of the water in
millilitres and include the uhit symbol.

S |

c) Caiculate the volume V of the steel ball in
millilitres, showing your working clearly.

¢ ~——3§'=’L’L;~.L

V = AV =&¢1L[—1‘0L5f.

Usmg a Sprmg Balance
of the suspended mass.

symbol.

L6 N

2 The diagram shows a spring balance being used to measure the weight F,

a) Write down the weight F, of the suspended mass and include the unit

Volume of a Steel Ball

100

d) Write down the volume V of the steel ball in millilitres, with its experimental
uncertainty AV and give the number of significant figures it is quoted to.

b) What unit does the unit symbol stand for? |
N QA—J"{—‘JV'\-

¢) Write down the weight F, of the suspended mass, with its

figures it is quoted to.

F, = AF, =l 6+ OINfo’Lsf

& Meainncatcpoiolt

Usmg a Thermorne‘rer
measure The temperature 6 of the surrounding air.

unit symbol.

1<°C

3 The diagram on the next page shows a thermometer being used to

experimental uncertainty AF, and give the humber of significant

a) Write down the temperature 6 of the surrounding air and include the
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b) What unit does the unit symbol stand for? )
'De-f)re.e-f CJlsiog Qc
¢} Write down the temperature & of the surrounding air, with its =
experimental uncertainty AB and give the number of significant figures it FE
is quoted to. =1
0+ AB =11 z21°C toL sf. gfn
lessudie leieil 4 Vernier Callipers = o
Usmg Vernier Cn!hper's main scale El:
= i
4 The f:{iagram shows 0 10 20 30 0 Ef
vernter callipers = E
being used to S T T A T e e e A ot =2
measure the diameter ]Hé 5 %Ié 0.1 mm HE
d of a steel ball. 02468 [ =)=
8 =
a) Write down the vernier scale = E
diameter d of the = B
steel ball in steel bal = E
millimetres and =hs
include the unit = B
symbol. = E
C1 : 7 | e e 8 = i"
' b) Write down the diameter d of the steel ball in ST units and in scientific
nhotation using as 10° as a power of 10. o
O-0O0HTim YT ¥ 107F
¢) Write down the diameter d of the steel ball, with its experimental '
uncertainty Ad and give the number of significant figures it is quoted fo.
d # Ad = (41 70-{) x 107 p to Lsf.

Micrometer Screw Gauge P
s mam spindle scale =30

%25

o ——

Usmg a Mlcromefer
Screw Gauge

0123456789
|.|._‘,|.i,r.|.h’|,;|.f.

20

5 The diagram shows a
micrometer screw
gauge being used to
measure the
diameter d of the
same steel ball as
used in question 4.

Ny
steel ball

revolving drum

0.0Tmm._

a) Write down the diameter d of the steel ball in millimetres and include the unit

symbol.
9701 en

J243WOWIDY |

b) Write down the diameter d of the steel ball in ST units, with its experimental
uncertainty Ad and give the number of significant figures it is quoted Yo.

d + Ad = (972 7 0-0[) X 107~ T03 sf.
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Formative

| Exercise

T Gl
Using a Syringe

1 Diagram 1 shows a syringe containing a
trapped mass of air maintained at room
temperature, Diagrams 2, 3 and 4 show
the syringe loaded with similar books to
compress the Trapped air.

a) The table below is of the volume V of
the trapped air versus the number of
books N. By examining the diagrams
carefully, complete the data table.

N (hounit) |0 1 2
v (mL) Yol 6L |SL

b) The number of books N is the
independent variable. Why is this?

4
Lo

T_h '|5 Mc*v\‘\.nmk e

Skill 3: Plotting Graphs |-

{
¢) The volume V of the trapped air is
the dependent variable. Why is this?

TE ¢ ecsue

i~ \—‘LS‘{)Q.AY-L

d) Identify the variable To go on each
axis when graphing V versus N.

N Y- ey I

v = %) S
Plotting the Graph
2 Use the graph paper to plot a graph of
the volume V of the frapped air versus

number of books N, by following this
procedure:

a) Choose a range which covers the
majority of the graph paper for both
scales. The chosen range does not
necessarily start from zero. Write
down the range for each axis.

NaxisiQtolh Vaxisi3o to R0

each axis.

b) Choose appropriate linear scales which are easy to use. Write down the scale for

N axis: 1 main square = 1 Yboole v axis: 1 main square = 10 L
¢) Label each axis with the quaniity, formula symbol and unit symbol,
d) White an appropriate title fo the graph.

Compressing Air in a Syringe

—

Diagram 1
i Diagram 2
oo = |[io0
E 80 ; 80
;_ 60 = 60
Z__ 40 ;_ 401 -
%_ 20 ;_ 20
L0 \L0
I
Diagram 3

Illlllll IlIIIIlII I|Il|| IIIIIIIII lllllllll‘

E 40 40
= 20 20
mL0

¢
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e) Plot the data points using crosses so are clearly shown.
f) Draw a best-fit curve to show the shape of the graph.
Interpolation and Extrapolation

3 The graph can produce information using the processes of interpolation or
extrapolation.

a) Explain what is m (j(m by interpolation.

T‘f\@, C_.OASJ(M 1Oun a( o) Ab&c« ()Olka W]H\\IV\

e mw\i\)e, op e Clov‘\’&\ {)C)lvx&'f

b) Using interpolation and showing your working on the graph determine the volume
V of the trapped air when 3 books are placed on the syringe.

b G L

¢} Explain what is meant by extrapolation. &

ES’G O&\’\Q O VCA.N\«Q.- OF CA \/Oh-r\.c‘,LLL ‘o—“—o‘ow\

Hhe obeevidie ENES X

d) Using extrapolation and showing your working on the graph, determine the volume
V of the rapped air when B books are placed on the syringe.

EEy .
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Formative Skill 4: The Straight Line Graph

Comparing Two Temperature Scales

“ S Fahrenheit Scale Celsius Scale

Using Fahrenheit and Celsius Thermometers 6z (°F) ¢ (°C)

1 The diagram shows a beaker of hot water
and Two thermometers. One Thermometer
is calibrated in the Fahrenheit scale 6. and
the other in Celsius 8. The readings of the
two thermometers are taken as the water
cools. The results table is shown below.

a) By examining the results Table
carefully, write down the independent
variable. Explain your answer.

ec_ - FawaJ r_i"
pre..cléb_-.-m}m.e.ck .lv&'LVVC\lr

8, (‘C) 55 | 50 | 45 | 40 | 35 | 30 | 25 | 20 | 15
6. F) 133 | 120} 113 | 106 | 93 | 86 | 78 | 67 | 59

Forenhed lecp O _vs Ceins teng, O

%o

i3¢ -

10 -

ITAY

FCA\’{A\AQ’( |
'h:..w\? ' &F 1ol

¢e A

P . ‘XFE'“_II}-O""?Ol

NI

Go

us p

3o

] ! i : !
| ] H] T I

o tRY 2o W

"1y ‘o %)

) < lo ic 9 "
(,Ag'l\/\-f -\-.e.,...,\@‘@(_ oC:)
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b) Identify the variable to go on each axis when graphing 6; versus 8.
®¢ or\ ‘;(-c;.y(’.f QF Cim, \j—C&\ﬁ.‘.lS'

Plotting the Graph
2 Graph paper is supplied on the previous page.

a) Use the graph paper to plot a graph of the Fahrenheit temperature 8; versus the
Celsius Temperature 6,.

b) The relationship between the two temperature scales 8. and 8, is linear. Explain
what this means

b\)"\&/\ P ol(‘( & ﬂlfo(i./u\c_a_( Q\S‘LKA.\C,\«\\T k\w\.o._ C:,\/Q_A?\—\
¢) Draw a best- fl’r straight hne through the points using a ruler

Analysing the Graph

3 The diagram shows a general representation of a straight Straight Line Graph

line graph. y [slope m = rise
: s o run
a) The general equation for a straight line graph is given 0 1

by ¥ = mX + ¢. Write down the definitions of each of Z

the symbols in the equation. 5,
Q
)

trise
\/ s A= D Vo-\u\(‘_ \L A X CaNG Vealae
™A L§ l.,\g, o\v-mn\\e.vxk et om ’:,

[ A J
C ¢ “_’)‘ ezt 1‘?»\\’2-\'09-{?’( v S

b) Analyse the 6, versus 6, graph by following this >
procedure: .

(i) Calculate the slope m of the graph. DS % l - 1.94 °F C-

7
(i) Write down the value of the intercept ¢ on the 6. axis.
3UF
(iii) Write down the general straight line equation and identify the variable
symbols fo replace ¥ and X.

General equation for a straight line graph is \/ =Y C

Replacement variable symbol forY is _@_ £
Replacement variable symbol for X is Q c_

(iv) Write down the final empirical equation for the 8, versus 6. graph by
substituting the replacement symbols for ¥ and X and the values of m and ¢
into the general straight line equation,

General equation for a straight line gmph\{= oot < becomes @F =1-gl Q,_"F?\?-

¢) Calculate the boiling point of water in °F using the final empirical equation for the
8; versus 0, graph and the fact the boiling point of water = 100°C.

Qe= 8Ly loo +32 = LILTF
d) Calculate the equtvaleng temperature in °C for -40 °F.
®c. = #u f’{aqog_:- 2 = =34 C.a ((\nsweys‘ Var:)'

‘c‘e;
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| Ef(’;’:;i:’e Skill 5: Power Laws |

Examples of Power Laws
 yocix YK

Graphtcui Shapes Y/

The diagram shows the graphical shapes for four
examples of power laws. The power law is
represented by the statement: Y X

Y X'

which states that the dependent variable Y is
proportional to independent variable X to the
power of n.

Yo X

This statement can be written as an equation: » X
Y= mX'
which can be verified by plotting a graph of ¥

versus X' as shown in the diagram. The graph is a
straight line through the origin whose slope = m.

Verification of a Power Law
YA

Y =mX"

The Bendmg of a Ruler- Slope = m

1 The diagram shows the bending of a metre rule.
The dependent variable is the depressiond of the
metre rule. The two independent variables are the
length of the ruler L which is free to bend and the o X
mass M of the mass-stack. The data table shown 0 g
below is of d versus M for a fixed value of L.

Bending of a Ruler
bench ff; e .

depression d

M (kg) 0.10| 015 0.207 0.25| 0.30| 0.35| 0.40| 045 0560
d(m) 0.09| 0.14| 018 0.23] 0.28| 0.31| 0.37| 0.40| 045
a) Explain why a fixed value of L is chosen.

LJ& o.,\lc.\ u)a;l—\ 4‘0 lMQ—rl(lqd\j(Q_, ICJA-Q \el,,’(‘-ow("\.p
‘odwe,m M e d J., s A Com}‘fwﬂul VO\MVJOLQ.:

b) Use the graph paper on the next page to plot a graph of the depressiond of the
meire rule versus the mass M of the mass-stack.

Practical Physics Skills Worksheets page 10 sHoTocoPNG promemeD | R |
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d(m)

LN e .

7

Ve
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Lo .
¥
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2 + (0257
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2
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l, oy ket
4 = I
P
7]
y o
o-lo Olo LT { ] Oy o4
M (kg)

c) Describe the shape of the graph and the relationship betweend and M.
’O'w'e.ok\x\ {)VOOOV&?GV\A} Cl ol NN\
d) Calculate the Qépe m 01" the graph and include its unit. Ans o ersg V&vg
m:t:ji: f\s;\l« = 2:32: - 0,(‘11 Ke (

-1
e ——)

e) Write down the empirical formula connectingd and M.

Mass

Oscillations
on the End
of a Spring

e M
Mass Oscillating on the End of a Spring (T= Ny ‘-—K*)

2 The diagram shows a mass-stack, of mass M, oscillating with
period T on the end of a spring. The results table below shows
values of the period T for different values of the mass M.

a) Use the graph paper on the next page to plot a graph of the il
period T of the oscillations versus the mass M of the mass
stack.

M(kg) [0.05|0.10 | 015 | 0.20 |0.30 | 040 | 050 | - Mo

T (s) 0.63]089 | 1.09 | 126 {154 | 176 | 1.99
\,f'M(v"kg)O‘il o317 039| 0 LS 0:FS [0-63 | OTI
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T(s)
100 e W
(-Y o <=1
i~0o Wl
O‘TU /
_/'
7
o G0 o' ©-iF 00 oK G330 037 o4 O 4¢ o50 >
M (kg)
/M (vkg)

b) Describe the shape of the T versus M graph.

SqLL—\cA.LL troo‘( P‘Qla}-cdvx(k-luﬂ' 5 T oA \F/\

¢) Calculate the values of vM in the last row of the results table.

d) Use the above graph paper to plot a graph of the period T of the oscillations
- versus vM,

e) Describe the shape of the T versus vM graph and the relationship between T and

/M.
@'wo,ck‘:) Fbo'/?o\‘bow\o&’, T dmM

f) Calculate the slope m of the T versus vM graph and include its unit.

9 %Li-sks“'a: (3s. E) % Seo 3»0.fo
g) Write down the empirical formula connecting T and v,

T=2-3L {M
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Golf Ball Rollin ¥n a Slo;
olf Ball Rolling Down a Slope Golf ball starts

3 The diagram shows a golf ball rolling down a  from rest
slope from rest. It travels a distance d in
fime ¥. The results table below shows
values of the distance d for different
values of the time 1.

Golf Ball Rolling Down a Slope

a) Use the graph paper below to plot a
graph of the distance d down the slope
versus the fime taken t. Though d is the independent variable it is plotted along
the vertical axis to aid the analysis.

t(s) |141 (200 245|283 (3.16 | 346 | 3.74 [ 402 | 424 | 447
i d(m) [0.10[020 | 0.30 | 0.40 |0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 1.00
‘ () [1'99| L-oo| 600 | oo D94 |14 13-4 IG 6 1795 998

A

d (m)

lrog

o-Xo

obo

0- o

N

0-2o

oo 2-oco 3-oco Li-oca S oo
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b) Describe the shape of the d versus ¥ graph.
SqCAuVL V&G&lov\f “ ( eu\(o\ 0\ .)
¢) Calculate the values of 3% in the last row of the results table.

d) Use the above graph paper to plot a graph of the distance d down the slope
versus the square of the fime taken 1,

e) Descrlbe the shape of the d versus 1* graph and the relationship between d and

D.re.&\\, pvo?o W,\(B\ & mt’l‘

f) Calculate 'the sfopa m of the d versus 'r graph and include its unit.
C-oTo me* (Ls. ) % See c\mp\’\

g) Write down the empirical formula connec’rmg d and ¥,

(,Q:O C)S_‘O‘I'

Accelerating Trolley

e bl ball
Acceleraﬂon of a Trolley

4 The diagram shows a loaded
trolley being accelerated with
acceleration a. The computer
arrangement records the
acceleration a for different
masses M of the system (loaded
trolley plus the fixed
accelerating mass). The results
table below shows values of the
acceleration a for different
values of the mass M.

M(kg) |050[ 075] 10 | 125 [15 | 175 |20
a(ms®) |50 | 3.3 25 20 |17 14 |13
/M (kg?)| Leco| 33| V- 00| 0-Fo|0-6T| o5 1|oFe

Total mass of Trolley's ;
the system M acceleration a

2 accelerating
] Mass

a) Use the graph paper on the hext page to plot a graph of the accelerationa of the
loaded trolley versus the system's mass M.

b) Describe the shape of the a ver-sus M graph
r\/\ Vea (e L‘l«li

¢) Calculate the values of reciprocal of The system's mass 1/M in The last row of the
results table.

d) Use the graph paper on the next page to plot a graph of the accelerationa versus
the reciprocal of the system's mass 1/M. '

e) Describe the shape of the a versus 1/M graph and the relationship between a and

1/M.
araJ(L, Obo()o "mmg\ ’, c'*0’\":’:1\;/'\

\ o,A.S
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A
a (ms?)
Co
|
\
i !
Lo
\
\
.{ 3o N
“: \\
3 !5’
i u
] N
M
2-0 g
I-o
o >
v-fo |00 i-Co 1-vo
M (kg)
1/M (kg™
f) Calculate the slope m of the a versus 1/M graph and include its unit.
/L - S’_ kc_-)l-'\f-l
g) Write down the empirical foqr'muia connecting a and M.
= - A
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Self -assessment

Test Practical Physics Skills

-l e .

Measuring the Length of a Pencil

1 The diagram shows a ruler

The L.eng‘i'h of a Pencd | T T TR T T T T T e e[ T

1 2 3 4 5 6 7 8 9 10

being used o measure the
length of a pencil.

a) The length of the pencil is: ; :

Al10cm B75cm
C 8.5 cm D95 cm

£ 10.0 cm 311/
b) Place a'T'if true or an 'F' if false beside each of the following
statemenys.

(i) 1cm is the smallest division on the ruler.

v/

(ii) The experimental uncertainty in the length of the pencil is 1 mm.

] |

v

T
(iii) The length of the pencil is 75 = 1 mm. T
c) Itisincorrect to write the length of the pencil as:

A 75 mm B75x10°m C7B6ecm D75x10°cm EO075m E

1/

Timing a Rolling Golf Ball Golf Ball Rolling Down a Slope

2 The diagram shows the fiming of a golf ball
rolling down a slope. Three readings of the
golf ball travelling the full length of the
slope from rest are:

349s 358s 3.69s
a) The average time is best quoted as:

A 358666675 B3587s C358s D359s E36s G

v
b) Place a'T if true or an'F' if false beside each of the following ’
statements.
(i) The experimental uncertainty of the stop watch is 0.01 s. Tillv
(ii) The range of the three readings is 0.2 s. T
(iii) The experimental uncertainty in the average time is about 0.1 s. T v
Graphing Power Laws
3 The diagram oh the next page shows five graphical shapes forY plotted
against X, labelled A to E.
a) The graph that shows Y is proportional fo X is: Cl| v
b) The graph most likely Yo show that Y is inversely proportional To X is: Al
c) The graph most likely To show that Y is proportional to X® is: B3|
d) The graph most likely to show that ¥ is proportional to vX is: DIV
Page total = /13/
|
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e) The graph the most likely to show the

Graphical Shapes

Test Total =

general equation Y = mX + ¢ is: Clls 3
f) The graph the most likely o the following data is:
X 1t |2 [3 [4 / D
y 1 |4 16 | Bl /)
g) For the data in question f), a straight line through /
The origin is obtained if the following graph is /
plotted:
AYversus X BYversusX®  CYversus vX > X
DY versus 1/X E Y versus 1/X° Rl
Plotting and Analysing a Graph
4 The diagram below shows a graph of Y versus X.
a) Place a 'T"if true or an 'F' if false beside each of the following
statements.
(i) The axes are labelled correctly. T 1v
(if) The scales for axes have been chosen appropriately. T/
(i) The points are plotted with the correct symbal. Flllv
b) Place a'T if true or an'F' if false beside each of the following
statements.
(i) Y is proportional to X. Fll
(ii) Y varies linearly with X. T
(iii) The variation of ¥ with X is a power law. Fl
c) The slope of the graph is:
Allms' Bllsm® Y (m) A Graph of ¥ Versus X
€091 ms’ DOY91lsm® 050 !
E 0.09m Cillv ' : Z
d) The empirical formula describing
the variation of ¥ with X, using ST~ 940 A
units is: S aa caE
AY=091X+009 03 ?
BY= 091X - 0.10 S
CY=11X+0.09 0,200 iEE2iES |
DY =11X-0.10 S S
EY=091X+0.10 Alllv] o
R e N
-0.10 0 0.10 0.20 0.30 O.40x (s)
v''s out of a maximim of 24 v's Page total = /11/
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