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P E . = SPEC/4/PHYSI/SI53/ENG/TZO/XX_‘]
SECTION A

Answer all quesinns. Wril‘e your answers in the boxes provided.

1. The speed of sound in air, v, was measured at temperatures near 0 C. The graph shows the data
~and the hne of best—ﬁt The error bars for temperature are too small to be shown

A student suggests that the speed of sound v is related to the temperature 8 in degrees Celsius
by the equatlon

v=a+bl
where g and b are constants.
(@ (i) Determine the value of the constant a, correct to two significant figures. [1 ]

(This question continues on the following page)
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‘k (Question 1 continued)

(ii) Estimate the absolute uncertainty in b. F ‘ F ey
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(iii) A student calculates that b = 0.593m s‘l °C~'. State, using your answer to (a)(u) the
value of bto the correct number of 51gn1ﬁcant ﬁgures ; ; [1]
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(b) (i) Estimate the temperatu“reat which the speed of sound is zero. R
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(ii) Explam, thh reference to your answer in (b)(l) why the student’s suggestlon ~
- isnotvalid Yy I Yy y vy v
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A student uses an electronic timer in an attempt to estlmate the acceleratlon of free-fall g
She measures the time ¢ taken for a small metal ball to fall through a height /4 of 0.50m.
The percentage uncertainty in the measurement of tnne is O 3% and the percentage uncertamty
helght is 0 6% .

(a)‘ f Usmg h= % gt’, calculate the expected percentage unceltainty in ‘the value of g.

.........................................................................
...........................................................................
........................................................................

.......................................................................

(b)  State and explain how the student could obtein‘étfmpre reliable value for g.
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. Inan experunent to measure the spemﬁc heat capacrty of ametal, a plece of metal is placed - =

_inside a container of boiling water at 100°C. The metal is then transferred into a calorimeter
contammg water at a temperature of 10°C. The final equilibrium temperature of the water was ‘

" measured. One source of error in this experiment is that a small mass of borhng water will be ;
transferred to the calorlmeter along with the metal ~ - .

: (a) Suggest the effect ““ofr the error on the meed value of the speclﬁcheat ca.pacity of

the metal

(b)  State erje o‘t‘herkseurce oferror for th‘is‘“fexper‘iﬁ“xeﬁt,‘*i d SR E 1 7
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EXERCISE Uncertamty in Gradlent & Intercept

. ThlS is a workshop exercise in which you determme the grad}ent ofa linear graph hne and

its uncertainty. You will consider the gradient range by apprematmg the uncertamty bars,
not the scatter of data about the regressmn line. o

An electric toy car is travehng alqmg a straight lme and
measurements of its position and time are taken. The
'uncertamty in the time At is 30.005s and the uncertainty
" in the distance Asis +0 hn The followmg data has been

®

3

: (4)

: lDo the same for the y»mtercept find v+ Av Comment on the orlgm Does that toy car

recorded
- Distance - Time
Datali s/m t/s
1As=+0.1m | Az=20.005s
1 03 -0.802
2 07 | 1103 |
3§ 10 | 2110
4 || 16 | 3615 : ‘
s [P 20 | 4610 ~ b" net Crecle
: da:lu Po: s
Graph distance agamst time. Plot the dat:a pomts ﬁmaﬂm with a dot tacthe

cemterofereirerek. Use the graph paper provided on the next page or you can do this

on yOUI' computer 3

. [2) Ignoring the origin, construct the best~straxght line graph for thls data Extend the lme -

to cover the entxre graph sheet. b

~Determme which uncer'tamty (elther in time or in dlstance) is the mos’c sngmﬁcant.

Construct uncertamty bars on your graph for all the data pomts for just one quantrty

Determine the gradlent (slope) of your best stralght—lme Whatqahysxcal quant:ty does
- the graph‘s gradzent represent? Comment on the motxon of the toy car .

)

Constmct the mxmmum and maxxmum gradlents for your graph and calculate thetr

values. You are to construct minimum and maximum lines by appreciating all (or
most] of the ranges xepresented by all the data point uncertamty bars.

- Express the best gradnent value with its absolute uncertainty m+ +Am using the range

of the mlmmum and maximum gradlents Pay attention to sxgmﬁcant digits.

- ‘start at Zero d)splacement" Does the car accelerate"

EXERCISE Gradient Prohlem:.doc‘)( - Workshop @ 20 14, Dr. Mark Headlee o L
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' Guide to Significant Figures,

Significant Figures

; Deterrnining the Number of Si‘g‘ niﬁcant Figures: - :

- . Slgmﬁcant ﬁgures are determmed by the number of non-zero d1g1ts and non—leadmg .
zeroes -

o Zeroes in between noN-zero numbers count

o Trailing zeroes count when there is a decimal

; 0 ~ The magnitude of the_number does not affect thenumber of significant digitsj

- Example :1;: o

: 147.93C
e Thereare5 signiﬁcant digits
i Exemple 2
| et d

e There are 3 s1gn1ﬁcant digits ~
o Theé, 4 and last 0 count as 31gn1ﬁcant figures
o The precedmg zeroes do not affect the significant figures

Exatﬁple 3%
30080000
e There are 4 31gn1ﬁcant digits
o The 3,0, 0, and 8 count as 31gmﬁca11t digits

o The last zeroes do not count because there is no decimal
o The leading zeroes also do not count

Lob-30-



Example 4*:
30080000.
e There are 8 significant figures

o The decimal means that all the digits before it count as significant digits
o The only exception are the zeroes before the 3, those do not count.

Addition and Subtraction with Significant Figures:

e The number with the fewest decimal places determines the number of decimal placesin .

the solution

e Round the solution to the proper number of decimal places after adding or subtrakc:ting 1

Example 5:

21.532

+ 12.01
33.542

After rounding: 33.5‘4; .

e The first number has 3 decimal places, the second number has 2 decunal places
o The final value must have 2 decimal places e .

o Add the numbers normally, including all figures in both numbers

o Round the final solutlon down to 2 decimal places ‘

o Integer places (to the left of the decimal) should not be altered in the solutlon

Example 6:

9.894
+1.11
11.004

- After rounding: 11.00

. The ﬁrst number has 3 decimal places, the second number has 2 dec1ma1 placesf -
The ﬁnal value must have 2 de01ma1 places .
o Add the numbers normally, including all figures in both nurnbers -
s Round the ﬁnal solu‘non down to 2 decimal places



y In thrs case, even if the 2 decimal places are 0, 1nclude them
o ‘Integer ﬁgures (to the left of the decrmal) should not be altered r
k ‘ - For addition and subtraction, the number of 51gn1ﬁcant ﬁgures is not
k ,always conserved only the number of decimal places.
= This can be seen by the final number of srgmﬁcant figures bemg 4, Whrch
is larger than the smallest number of significant ﬁgures (1.11, which has 3
51gmﬁcant figures) but the solutron strll has only two dec1ma1 places b
z whrch is the proper amount - . g o

. Example 7:

e ,3.4
9 16

After roundmg 9 2

e The first number has 2 de01mal places the second number has 1 decimal place
- r The ﬁnal value must have 1 decimal place r
. o Subtract the numbers normally, 1nclud1ng all ﬁgures in both numbers ‘

o Round the ﬁnal solut1on down to 1 decrmal place o :
N ~ Since the raw subtracted value is 9.16, it rounds up to 9 2
2.0 Integer ﬁgures should not be altered T ‘

Multinlicatlon and Drvrslon w1th Srgmﬁcant F~1gures:

. :‘*The number with the fewest s1gmﬁcant ﬁgures determmes the number of srgmﬁcant
ﬁgures in the solution . T ¥ . ” L
Round to the proper number of 31gn1ﬁcant ﬁgures after multrplymg or d1v1d1ng fgp N

k‘ ‘~kExample 8
1 73

| A1
. 423850

. ﬁlkAfterrounding:ZlZ.él‘“‘ k

-_ : 'Both numbers have 3 srgmﬁcant drgrts SO the solutron must have only 3 srgmﬁcant l -
dlglts R § : l :



~ Example 1}0:‘ . s

. Multipiy the two numbers nonnally, round the solution to 3 most sigmﬁcant digits.
o The raw solution is 42.385, which has 5 significant digits; the 3 must be rounded
- up to 4 to make the solutlon 42.3 have 3 significant digits

-
1200

* 20.00
24000.00

After rounding: 24000

mgmﬁcant dlgits

. .

After ‘ifouﬁding: 1756

e The top number has 4 significant dlglts the bottom number has 3 significant digits.
e Divide the numbers normally, the solutlon must be rounded to 3 s1gn1ﬁcant ﬁgures

Labad




Cbpyﬁght © by Glencoe/McGraw—l-liil '

Date : Period Name

o J PhysicsSkills  ueus s
® ;.Ax.‘iQéO‘J,.,,.%.ﬁ_.g’; =z : = ‘ Gz e

Determining»Signiﬁcant Digits

~ Any measurement is inaccurate to some degree. The inaccuracy stems from several factors. The precision
 of any measuring device is limited. The person doing the measurement may introduce error. The experi-
mental technique may be faulty. Because a measurement contains some degree of inaccuracy, the -

number of digits that are valid for the measurement are also limited. :
 There are four basic rules that can be used to determine the number of significant digits in a mea-

surement. ; ‘ ‘ g ~ o
1. Nonzero digits are always significant.

2. All final zeros after the decimal point are significant. .

3. Zeros between two other significant digits are always sigﬁiﬁcant. p

4.  Zeros used only ‘fot:Spacing the decimal point are not significant.

Suppose an observer measures the speed of an object and determines that it is moving at 6.13 m/s.
The speed of a second object is determined to be 5.02 m/s. Which digits are significant in these two
measurements? According to rules 1 and 3, all the digits are significant. Using the rules given above,
determine the number of significant digits in each of the following measurements.

. 1.2330am 4 1843021 72000 12km 10. 000010104505
2, 365kg 5. 8701°C  ~ 8 05mL
3. 365kg 6. 200012mm 9. 704000 h

. When you perform r;ijéthematicql‘ calcqlatjdns, the result o f ‘yourfé‘alculatijdns can never be m‘or‘é‘pfe_‘
 cise than the least precise measurement. Add the following quantities: 44.1 kg + 8.002 kg + 0.93 kg=

53.032. The least precise measurement, 44.1 kg, is precise only to the nearest one-tenth. The sum of the
masses, therefore, must be rounded off to the nearest one-tenth. So, the answer is 53.0 kg.

‘ 11. Complete these addition problems. Write the sum as a least precise measurement.

a. 34145+ 10.02s + 583255 + 0.000 985

b 1884kg+ 094kg+ 1.0kg +9.778 kg

12. Complete these subtraction problems. Write the difference as a least precise measurement, -

a. 2104.1m — 463.09 m

 b. 2326h - 010408 h

Lab~3a

Physics: Principles and Problems -  Physics Siaus
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9 Physms Skills

Multhlymg and drvrdmg are a httle different. In these kinds of calculations, the product or quotient k
has the same number of significant digits as the least precise number. If you multiply 21.3 cm by
9.80 cm, the answer is 209, not 208.74. Because the less precrse measurement 21.3 cm, has only three
significant digits, the product has three significant digits.

13. Complete these muluPllcanon problems. Write the product as a least precise measurement.

a. 1019 m X 0.013 m

b. 140,01 cm X 26.042 cam X 0.0159 cm

14. Complete these division problems. Wntethe quotient as a le
a. 8023m + 245 .

ast precise measurement.

b. 4301 kg + 1.9 cm’®

. Averages follow the same rule Suppose a car travels around
~ the three trials are 45.0 km/h, 48.21 km/h and 47.024 km/h

45o+4821+47024—140234
140.234 = 3 = 46.744 66 T

a track three times. Your measurements for
Deterrmne the average speed of the car. . “

Because the least precise measurement is 45.0 km/h the answer can be precise only to the nearest -
one—tenth Thus the correct answer, rounded off, is 46.7 km/h. Answer the following quesnons

15. An expenment caﬂs for 16. 156 g of substance A 28. 2 g of substance B, 0. 0058 g of substance C
and 9. 44 g of substance D

a. How many srgmﬁcam digits are there in each measurement?
A B. C. D. __

b. What is the total mass of substances in this experiment?

c. How many significant digits are there in the answer to part b?

16. Your lab partner has measured 16.50 mL of water. You accidentally tip over the graduated cylinder

and spill some of the water. You stand the cylmder up and determine that there are 8.0 mL of
~ water left ~ ‘

[ItH-MEIDIW[202U2[D Aq o WBukdoD

a. Whlch measurement is more precrse, your‘ lab partner’s or yours? Exp‘klain.

 b. How much water did you lose when you tipped Qverthe ‘graduated cylinder? : ,

24 Dhysics Skills - o ‘Physzcs Prmcrples and Problems

La\a«?ab



Name:___
SL Physics
Measurements and Errors

~ From IB Ref Tables:

WIf y=aztb
Then Ay Aa+Ab

: . axb
If Y= C
- A A Ab A
 Then __X = - a‘ +— --€

k ~ Since measurements are never perfect experrmental data must consrder the possibility of
an error occurring while measurmg the data Errors are dependent on the type of dev1ce bemg
used; elther digital or analog. ~ . o

: Dl,qltal Devices:

Electromcally determrnes and electromcally dlsplays data measurements 0
o Examples: ‘
o Electronlc Gram Scale :
k o Multi-meter (Voltrneter + Ammeter + Ohmmeter)
- = We also have analogue meters of each
o Stopwatch -

Error for a d1g1tal devrce + the smallest 1ncrement: the dev1ce can rneasure
~‘Example l : i :
. A stopwatch measures tlme to the nearest hundredth ofa second Durlng an expenment -
j a student measures a time of 32. 14 seconds ‘The student records this data with the error as:
32 14+0.01s (equwalent to atAa Whe're ais32.14sand Aais 0. Ols)
e The plus Oor-minus srgn (+) denotes the error Wthh is referred to as Aa
e Since the stopwatch measures to the nearest hundredth of a second, the smallest
r increment is one one-hundredth (1/ lOO) of a second The error 1s therefore one one-
:t“?hundledth as well 0.01) o ‘

Analog Devices:

Lo~



e Whoever is conducting the experlment must determine the measurement. Generally does
not require electricity to determme or dlsplay the measurement ~
o Examples:
o Ruler
o Measuring Cup/Beaker/etc
o Clock (With a second hand)
¢ Error for an analog device: half the smallest increment
e When measurements are ‘made with an analog device, usually two measurements must be
made. The first measurement is the starting position; the second is the endmg posmon .
Both measurements must be recorded with the proper analog error.
e Generally measurements are made to one tenth the smallest increment, so the last dlglt is
“guessed”(see star below). ‘

e U T2 T3 e s le 17 s |9l

F1rst Measurement 0.0 cm) . Second “guessed” measurement(54cm) -

. -‘ff::Analogue- A single measurement is always

Read between the line k
L Uncertamty:i: smallest division oy ovndod to mat ch the number of dec1mal places .
ki‘kki:~k~zl“;Smallestdlwsmnls1 r— ikSk I ‘ ~ l k .
. L |
. :‘kf:f{’f‘Skmallest division is .5, iizé= :h.25 2 25 3
2.3+0.3 m ;
. T TN RN
Smallest divisionis .1, +>=+05 2. 2.5 3
2.36:0.05m
- Example 2:

student uses a ruler to measure the Iength of an object durlng an expenment The
ruler’s smallest increment is 1 cm. The student measures the starting posmon to be at 0 0 cm.
‘The end position is at 5. 4 cm The student records the two pleces of data as (See ruler above)
‘ . k 00+056m : ‘ L
. 544+05cm



v - Even though the ruler only measures as small as cent1meters, the student “guesses” (one
~ more decimal point) to the nearest 0.1 cm, using his or her best Judgment . -
o Also, the student determmes the error to be half the smallest 1ncrement whrch would be
+0 5cm ) ‘

v The measurements taken from an. expenment and recorded drrectly are called mw data or
kunprocessed daz‘a Th1s data has not been used n calculatrons yet Whlle raw data is necessary o
. in recervrng results from an experrment the data often times requires processrng for the analy51s i ~

~ Processed data is the result of calculatlons belng made with raw data, in order to better

E understand the srgmﬁcance of the experrment Since the raw data has an error assomated with it,

the processed data must also have an error, but also since calculations ¢ are being made to the data ~
‘7‘the errors must also be operated on and processedk with the data - ‘

“‘k}f:error of +O 0

Addition ‘and subtfaétibn with‘Error: &

. When addrng or subtractmg two numbers add them as one would normally, consrd 1ng ‘
. 51g : !ﬁcant digits and always add the errors together Addltron and subtractlon wrth error
S follows the following. relatlonshrp ¥y v v v v ¥
o Measurernents &

atha

“e -~a‘+b

- 4 ‘Ac =Aa+ AbT L
;Differenoe:: e |
. . = ‘“"{C=a—-b‘
A= da+ b

oz Whether the operation 1s addrtron or subtract1on the errors always add together
. - If y= ath v v
‘ Then Ay Aa + Ab L

l Exarnple 3




L A student measures two dlfferent lengths and needs o ﬁnd the sum of the two The
. ~ measurements are: ~ ~
k. a=164+0‘1cm

s b= 251+01cm ; .
y Let’s say we Want to ﬁnd ¢, the sum of these two numbers The processed sum of the : o -
. two p1eces of comes out to k - ‘ ‘
. ~ s c-a+b—‘164cm+251cm =451 cm
The error of thrs processed data i is: ~

. Ac=Aa+Ab = 01cm+01cm 0.2cm
The data should be ﬁnally recorded as:
451+ 0. 2 cm

. 1 Example 4.

bega measunng the length of an object by recording a startmg
In order to determine the actual length of the object, the two
. The two data values were:
0.0t 0. 5 cm
48 2 + 0 5 cm

positions need to be sub act

The processed dlfference comes out to o ~ .
- 482cm 00cm 4820m

' The error of this proeessed‘ dain s .
- 0.5 cm + 0.5 cm = 1.0 cm

“ eThe ﬁnal data should be recorded as: .
. 482+10cm“‘

k: V:f *Make sure e that the error has the SAME number of declmal places as the data The error for :ifﬁ: {  
thls prevrous example must be +1.0 cm not +1 cm . T

Multmhcatron and D1v1sron with Error: L
- Multrplyrng and D1v1d1ng data wrth errors is shghtly more involved than adding and
- . subtractlng Instead of the errors adding, the percent errors add Multiplication and D1v1smn
o ‘wrth error follows the foﬂowmg relat10nsh1p ~ .

. f‘fMeasurements:; r
‘ atAa
b+ Ab




Multiplication:

Ac Aa Ab
c a b
o ‘kDﬁiV:iSiOI’l: - .
N .y
°h
Ac Aa Ab
c a

*For multlphcatlon and d1v1s10n make s sure the error IS calculated using the above ratios, not by
i s1mply addmg the errors.

=t

. EXaniple 5:

A student determmes the accelerat1on of a cart rolhng down a ramp to be 2 65+ 0.12= =

. The student also deterrmnes the mass of the cart to be 1513 + 0. 0001 kg. The student must s
- use th1s 1nf0rmat10n to calculate the force actmg on the cart. The data values are:

265+012-—-

; .1513 + 0. 0001 kg
The product of the two data values: L

z.ssgxasi‘skg = 0.401N

- Error of thé‘processed data: ¥ ¥

. F =a m
A 012—
= S 0.04528
a - 265 —=
5

L ab"le .



Am _ 0.0001 kg
‘m  .1513 kg
= 0.04528 + 0.0006609

AF
0. 401 N

= 0.0006609

0.401 N
= 0.0459409‘ ,

AF = 0018 N

Final data should be recorded as:
0401+ 0.018N
Or
0.401N + 4.6%
Where .018 is the absolute error for F (same units).

*Remember that the error needs to be rounded so that the error has the same number of deamal .
places as the data value .

i ;;Example 6 . ; | | ‘
. A student wants to determme the electric field between two parallel plates. Through an

- fk‘expenment the student determmes the force on an electrlcally charged oil drop between the two . k

. ;::k‘:plates is 4.50 X 1073 +0.10 x 1073 N. The student also determmes that the charge of 011 dropk .
‘:ls 3. 02 X 10‘5 + O 05 X 10 s THe data values are: | .

4.50 x 10—3; +0.10 10‘-31\1‘
3.02x 1075+ 0.05x 1075 C

The ‘kq‘k‘u(‘)tient of the two data values:

.
E =
a s
450 x 107N _ 149 N
302 10° Sc e
Error of the processed data values: 1
‘ ‘ | . AE AF Aq .
B q
AF 010X10_3N
—'002222

F 450 x 103 N

oot



Ag_005x1075C
g T 302x105C

= 0.01656 ,f{

=0.02222 + 0.01656,

N
149'_(?‘
rE =6
Or

. AE = 39%

~ Final data should be recorded as:
‘ ~ : N
9.+ 6.—
14 . + 6 v
‘ ; OI” .
N
149 = + 3. 9%

% *Slgmﬁcant ﬁgures still apply to scientific notatlon but don’t affect the number of s1gn1ﬁcant
figuresin a number ~ ~

| Applying these rulésitko‘ Conversions of a given quantityf‘_‘
 Acork s determined to be 12.1 grams on a digital scale.
State this quantity and state the correct uncertainty in
~ A)Grams |
B) Kg :
C) we1ght in Newtons

Ans: . ® :
~a) 12.1 grams +/0.1 grams
b) 12.1¥10°kg +/-0.1*10%kg  or
~0.0121 kg +/- 0.0001 kg .
¢) 0.119N +-0.001 N

Practice Problems N - -
Complete the following problems relating to the packet. Show work on a separate sheet of

paper. o .
1. Determine the Error for the given device:

~ ~a. Digital Gram Scale Accurate to 0.01 g

Low-d 5



k~ b. Meter stick with 1mm increments

c¢. Stop watch accurate to 0.01 s

L d. ‘;Sto‘p Watch with a second-hand

2. P‘erfortn the given operation on the data values; include absolute th‘e‘en"or:
a. Add: 2.6430.01gand13.08+0.01g
b. Add: 6.0+0.1gand4.70+0.05 g
Subtract: 20.16 + 0.10 cm and 0.12 + 0.10 cm
 Subtract: 160.+1./ and 45.4 + 0.5 |

. Multiply: 1.3 x 10% +0.1 x 10% kg and 1254067

jof

o

bar

Multiply: 154 3 + 0 1 V and 4.76 £ 0.10 A
. Divide: 309i8 N by 15.8i .4;;

g
h. Divide: 521.67£ 1‘.51‘]‘“53‘(:“2‘4.96 +0.015s

3. Applymg these concepts to physics:
a. A cube has a side length of 0. 139 + 0 010 m. Determine the volume of thlS cube o
 with the error. A s

. b An Ob_] ect w1th mass 120 0 + 1 0 kg is experlencmg anet acceleratlon of
~280+t0. 05 - Calculatc the force actmg on the object with the error.

Fma

. ‘k c Convert 1.73 + 0. 10 m into cm. Include the error.
. 100cm=1m

L d | *A car ofmass 1200.+50. kg is moving with a speed of 22 8+ 1 O— Calculate;ku
 the kinetic energy of the car with the error. ~

KE"'l 2
E.=smy

k e. **A ball of mass 0.155 + 0.001 kg is being rctated in a circle, horizontally. “ The .
~ length of the string holdmg the ball is . 520 £ 0.010 m, and the ball is movmg at
~ aspeed of 2.68 + 0. 05 —. Calculate the force acting on the ball with the error..

mv?
F=—0
T

4. Measuring and pro‘ccssingdata:k

Lt



a. Measure and record the lengths of each side of the figure below. Record data i in
the correspondlng chart. Calculate the length of each side from the
measurements. All calculations should have the proper equatlon used and one
example of data bemg calculated . o

Slde Start Value ‘*Error{ End Value Error :

L

Processed Values

Value Error A

YV L L W
b. Calculate the area and perimeter of this figure and their proper errors

Perimeter

L4



- Answer Key — measurements and errors

1. Determined Error

a.
b.
c.
d.

+0.01 g (digital)
+0.5 mm (analog)
+0.01 s (digital)
+0.5 s (analog)

2. Solutions to the given operations and data

a.

n‘qo/rh”.d ae o

15.72+0.02 g

10.7402g

- 20.04+0.20cm
115,42.]

] 16><104+02x104k9m
734 +16 w (or VA)

19.6+1.0kg

. 20.90 + 0.07 W (or J/sec)

3 Apphed Concepts

a.

o o .0,9‘”

2.69 X 10~° £ 0.58 10%m* ..
336.+49.N

173 +10.cm

‘312><105+04O><105]
214+ 013N




“4};“Measuring and ProcessingiD;ata

a.

Measured Values

Side

Start : Error | kiEnd- . Error

W

0.00 cm | /-0.05cm | 13.39 | +-0.05

cm cm

0.00 om | H/-0.05 cm | 6.80om | +-0.05

|em

| “Prb‘c‘;es‘s‘e‘d Values

Value

Error

W ]1339%m |

0.10 cm

L F 6.80cm

[0100m

Perimeter (=L+L-+W+W): 40.38 +0.40 cm

 Area(=L*W): 91.1 + 2.0 cm?




IB Questions — measurement and uncertamtles

1. An object is rolled from rest down an inclined plane The k L 3 A stone is dropped down a Well and hltS the water 2. 0
distance travelled by the object was measured at seven dlfferent o is released. Using the equation d = —g Z and takmg .
times. A graph was then constructed of the distance travelled . 9=98lms?%a calculator yxelds a value for the depthdof
against the (time taken)2 as shown below : L the well as 19.62 m. If the time is measured to +0.1s then
9 - S oo . the best estlmate of the absolute error indis

E ‘~Ai0hn_‘ . C o %10m

58  B.02m . D dBm e

% ? 4. Inorderto determme the densrty of a certain type of wood

E . the fo]lowmg measurements were made on a cube of the

b : kvvood : - ~ ~ ~

it k L

&5 Mas -—493g :

%4 Length of each 51de =93em : :

) - The percentage uncertamty in the measurement of massis
: 3 o +0.5% and the percentage uncertalnty 1n the measurement .
5 - of length is £1.0%. ‘ ~ :
. The best estlmate for the uncertamty in the densrty is
1H A iOS% k f“;j . c 130%
N B. ilS% o ‘e;f D. i35%
0 ;

0 L 01 . 0 2~ . ! ;3 “ (“mB: taken]29 552 5 Astronauts wish to determine the gravitational acceleratron
- on Planet X by droppmg stones from an overhangmg cliff.

. a) (i) What quantrty is glven by the gradrent of such - ' Using a steel tape measure they measure the helght of the

a graph? = : 21 diffass = 7.64 m'+ 0,01 m. They then drop three srmﬂar
(11) Explain Why the graph suggests that the colleeted . stones from the cliff, timing each fall using a hand-held
data is valid but includes a systematic error. 21 electronic stopwatch which displays readings to one- o
(1u) Do the ese results. su gg ot that drstan ceis prop ortlonal . hundredth of a second. The recorded tunes for. three dropf e
to (time taken)z”) Explarn your answer. - [2] o 2.465, 2. 31 and 2. 40 5 ‘ e
(1v) Makmg allowance for the systematic error, calculate . a) Explain why the time readmgs vary by more
~ the acceleratlon of the object. B ~ thanatenthof a second although the stopwatch k
‘ o eadi to hnddthf d.
by The followmg graph shows that same data after the uncertamty L gives readings one hundredth of a cton ca [ :
: ranges have been calculated and drawn as error bars ~ b) Obrainthe average time  to fall, and write it in
%9‘ o So . ‘the form (value i uncertamty) to the appropnate
E- ; . number of srgmﬁcant digits. .
g 8 c) The astronauts then determme the gravrtatronal -
. %’ 5 f ‘accelerauon a, on the planet using the formula g = 2.
e a . : Calculate a, from the values ofsandy, and determme the
L mm uncertamty in ‘the calculated value B> ress the result 1n g
~wb %P1
2 F o theform . o
g 5 anm - oa= (value + uncertamty) o
-9 4 ann o ~1to the approprlate number of srgmﬁcant dxgxts B
°3 - - :: B {7@}
2 i : t o \«e ‘ . ~ t ~
k 6. ThlS questron is about ﬁndmg the relat1onsh1p between the o
1 : forces between magnets and their separauons . -
0 ; a T . Inan experiment, two magnets were placed with therr North- -
0.0 01 02 : 0,3 .04 05 - seeking poles facmg one another. The force of repulsion, f;
. - [tfme taken]z/ s2 and the separation of the magnets, 4, were measured and the
Add two lines to show the range . -of the possrble . results are shown In the table below e -
acceptable values for the gradlent of the graph. . - [2] £ separatron d/m: .| Porce Of repulsion fIN.

2. The lengths of the sides ofarectanoularplatearemeasured and . e 4.00

the diagram shows the measured values with thexr uncertamnes . 0.05 s . 198
“ 0+ 0.5mm - - e
T ... ‘009‘ B 032
25+ 0.5mm C . a) Plot a graph of log (force) agamst log (drstance) o T[3] .
i § | kb) The law relatmg the force to the separauon rs ] k D b i 6
oo oftheform . . k k
Which one of the following would be the best estimate of the e e Sl G o

DErcentace nncertainty in tha Aslmalasad avnn <21 - V. ~
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é S+/mof€3 /(Crror‘s
. f‘l‘.‘: : ‘:‘The dlameter of the nucfeus of a hydrogen atom is of the order of
A 10‘8m . .

D . ' ]0—3om . . o

2. Which one of the following lists a fundamental unit and a derived unit?

A | ampere | second

C. | coulomb | newton

D. | mewe | kilogiam

- The lengths of the SIdes of a rectangular plate are measured and the dlagram shows the measured values r
‘e“:‘W1ﬂ1ﬂ1e1runcertamt1es ‘ e - ; ; o L . e

; f ‘: :‘Wl'u‘ch of the ‘fe‘lk‘)wn"ng‘ls tiie bestk es‘um‘ate of the‘ ;eefceﬁtege uncertamty n the caleulated area of the
~“;plate'7 L ; ; .. .
..
kB‘.ag ;:4 %  k
De -

b oew



. volume) is

~The mass of an object is measured to be 4 652 kg and its volume 21 m’. If the density (mass ‘P‘,;er‘m‘,jt‘
calculated ﬁ'om these values, to how many s1gmﬁcant ﬁgures should 1t be expressed‘?

A

B
e s
D

Repeated measurem en ts of a quant1ty can reduce the effects of
A both random and systematlc errors L
. B. lOnly random errors.

only systematl erTors.

; D rnexther random nor systematlc errors o )
- The numbe:r‘kofcheertbeats ofa per: 50““31 rest ‘in one hour, to the nearest order of magnitude is

AL 10

B
D

¢ A‘student measures the current in 2 re51stor as 677 mA for a potentxal dlfference of 3 6 V A calculator 5
ffshows the resxstance of the resistor to be . 3175775 Q. Wthh one of the followmg gwes the re51stance

- to an appropnate number of mgmf cant ﬁgures‘? :

A 530

i5329

_53189

s 31765775 a

 The diameter of a p‘ oton is of the.or:der of rnagnitude of ‘k ;

A 10—121'“

E D 1 0—21 m




;:Whjchkoné of the fonow;ﬁg‘;gigzs‘c‘alar quanti“ty‘:?“; o

* Pressure

. B. lmpuléé -

. D Weight s

diameter of a nucleus

T io T
| _The ratt diameter of anatom
: A,IO-‘S-

B. 107°.

c. 107°.

D. 107

C. Magnetic field strength™

is approximately equal to




