Hong Kong Examinations and Assessment Authority & Curriculum Development Institute, EDB

Teachers’ Meeting for HKDSE Physics SBA

Date : 2" November, 2013 (Saturday)
Time : 9:30 a.m. to 11:30 a.m.
Venue : Lung Kong WFSL Lau Wong Fat Secondary School
Programme :
Time
9:30 a.m. — 9:40 a.m. Registration
9:40 a.m. — 10:10 a.m. Introduction

- 2013 SBA moderation

- 2014 + 2015 SBA requirements
- Plagiarism handling procedures
Mr SZETO Yuk Tong (HKEAA)
Supervisors’ remarks

- 2013 SBA Supervisors” Report

10:10 a.m. — 10:40 a.m.

- Detailed report requirements
Dr LAU Yiu Hon (EDB)

10:40 a.m. —11:05 a.m.

HKDSE SBA administration

- 2014 S5&S6 SBA marks online submission

Ms Tansy CHUN (HKEAA)
11:05 a.m. — 11:30 a.m. Q&A
List of Documents
1 HKDSE SBA arrangement, Resource Materials and Useful Websites

PowerPoint presentations

b Sl

2013 A/AS Physics Practical Examination (Paper 4)

Detailed experimental report — Format and Sample
List of suggested experimental work for SBA
Experiments contributed from teachers (Mr Law Man Wai, Mr Chung On Wing & “THE PHYSICS TEACHER™)
Most favourable distractors (2012-2013 HKDSE Physics multiple-choice questions)
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Gp. No.  District Co-ordinators
1. Mr. MUI Yuen Hung (f&§7T5)
Mr. CHU Wing Yin (455K E¥)
Mr. CHIK Kin Hang (i E2£5)
Mr. SHUM On-Bong (&-42£[5)
Ms. LIN Chi Wan (#85E)
. NG Pun Hon (%2 45#)
Mr. LEUNG Negai Chung (Z231E)
Mr. MAK Tsz Pun (Z2F#/)
Mr. CHUNG Sai Chak (5 [H-75)
10. Mr. LAW Man Wai (83 EH)
11. Mr. LAW Chak Sang (£/24})
2. Mr. PANG King Fai (§/5#)

+ indicates change of District Co-ordinator
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Co-Supervisors: Dr. LAU Yiu Hon (Z##;%) and Dr. NG Pun Hon (52 74%4#)
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List of District Coordinators

District Co-ordinators
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Mr. HONG Chung Yin (FE{fEf)
Mr. HO Yau Sing (15 ) t
Mr. TAM Kwok Wai (FBIEE{#)
Mr. WAN Ka Kit GRZ £

Mr. LAU Kwok Leung (%/E] ()
Mr. LO Wai Pui (ZE{&£%)

Mr. LEE Chi Ming (ZZ7:0H)
Mr. YUE Kwok Wah (z[E%E)
Mr. LEE Wai Kit (Z24E{E)

Mr, MA Chin Kay (BEE) 1
Mr. YING Pui Chi, Bosco (TL{fizE)
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Materials available on HKEAA web page (http://www.hkeaa.edu.hk/tc/sba/sba hkdse elective/dse subject.html?20)

Handbook for School Leaders on SBA
SBA Teachers’ Handbook
SBA Sample Tasks
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L]
L]

2013 FAEPECEYEER AL ST RN R ) S i

HERTRER - frim P AL SRIEME(WEER4Y) (3755 2016 HA T ESUES L ER)
HETRERIA - Fis PR (% 2016 FE T EUES AL ER)

BEERGRI - Frm P A ST (YR 53 (57 2014 3¢ 2015 FHEPECEH L)
HEBEREER IR - YRR (B0 2014 B¢ 2015 TP ESURE B4 E )
EEPEIUEE W A ST (W) AR A (RS (R AR (FSE)

T E OB WEER - A RZIR AR (RREVHE)

FRPEIUEEH YR/ A SRR - B - AFREE R

BB BB AR R

VIERB AR R L EYS

e http://edblog.hkedcity.net/cdiphysics

RICEBFIMURFIE

http://www . lesd.gov. hk/CE/Museum/Space/Education/Selflearning/c_education_sl.htm

RS

http://www.hk-phy.org/atomic world/

SEENEEIRHVER

http://www.hk-phy.org/energy/index_e.html

B2y

http:// www.hkedcitv.net/article/project/medicalphysics/

e Interactive Learning and Teaching Package for Medical Physics
http://cd].edb.hkedcity.net/cd/science/phvsics/NSS/Medical Physics.zip

1 AR P T Bl 53 1 (HDMVA)

http://physics.hk/hdmva/

Tracker - http://www.cabrillo.edu/~dbrown/tracker/

#

HEHRER

http://etv.edb.gov.hk/home-c.aspx ( P3ZHR)
http://etv.edb.gov.hk/resource grade.aspx?id=sci&subiject=129 (TR )

HRIHTE (VHER)

TEREETE ) BT PR R — (A B R BETE) - SRR —ERVER © TERHEEET -
TS A RN R HERE - 2EFLEEENEMERNNTEE i ER7AEE - B 1R ER
EEEITHRE  WERTTEIBEdAE - T IRATTE | REENHRRETE  RHEE TERGRE T
BRSSP B PRARIRERVEE S o TERAVRE ) REUTEL BB NREERETTA
—(EFE - LETGRERR (RA) FI2ERENERNER  BEHRENRE - #0578 - HEE
DA THIEGE) - EREERETE Mtk B MBI RS2 EERMET THRAE | (vER
FOSRNS » Rl 2k (PR TR U PR R 2 B R AT B0 E B - HBMERINRIR T E T

TERGEIRE | TR P R AT R SR A AR ALY SR - AT H AR A EEHET - BE R HRERITEEEN
B GRS PR T RIS ) VBN B -

e http://resources.hkedcity.net/resource detail.php?rid=741932149 (bR AR
e http://resources.hkedcity.net/resource _detail.php?rid=1858942238 (EHEERR)
e htip://resources.hkedcity.net/resource detail.php?rid=1139923892 (B4 rhR)

e http://resources.hkedcity.net/resource detail.php?rid=780251301 (B4 TRk )




A ERHT EIR
FRNTTAREZET LIEEZANERNEHREREREERGHERIY - S EMEEEE R SIS

FEEAIEE ST - W EERAR IR - IEAERREEAER - B52011EE " RERIERI]
#% o EFRERTERHEES . AEBRIHARS  TEBEZIEHERERM -

e  http://resources.hkedcity.net/resource detail.php?rid=19010548 (P RR)

e hittp://resources.hkedcity.net/resource detail.php?rid=116886921 (ERR)

FH 1R D% (Seeing Through the Human Body Part |)
&7 B B ARG 8 =ER R 2 A ERETRT - SEXNEEIEET R SR - MRS
FArFI A SRR - 67 H B8 EB R A A E—(ERHENN4E » FENSF A= EEEe e =
fEFEE 1R FTIE ARV 2R - ERIEMER T S S S EERE RIS - ThnhnEHRE 28
Ao PR B AVEEAE - 52PN EBAEIE - A6 B RAESHET L2 EERS PR T B2y
'%_I E’U’%ﬂé{z?ﬁ\*j s

e  hitp://resources.hkedcity.net/resource detail.php?rid=1757173944 (k)

e  http:/resources.hkedcity.net/resource _detail. php?rid=567576077 (TEHR)

FE DA (Sequel of Seeing Through the Human Body Part I1)
7 B iR G R R R A rY SR R SR R R A T B B R T - Mk
WA B e PR TRy E | EREL -

e hitp://resources.hkedcity.net/resource detail.php?rid=617519262 (HschRD
e http://resources.hkedcity.net/resource_detail.php?rid=111500338 (TESChR )
e REHM (Sky and Earth)
AT A A 0 S T R B AR AR Ry PR TR SCERRINUR R | (VEEEH - 8 B M AR E R
e B AR IUR RS 2R PIVALE » RE AR R 4 FE Pl Z B0V R R R BT B - BfE
KERIVHE H E BRI A o E) -
ETV Channel
e http://etv.edb.cov.hk/resource wmv-c.aspx?c=1&id=19279 (BT hED
e http://etv.edb.gov.hk/resource wmv-c.aspx?¢=1&id=19277 (3R
Edcity
e hitp://resources.hkedcity.net/resource_detail.php?rid=1953282919 (BECHR)
e hitp://resources.hkedcity.net/resource detail.php?rid=657189804 (HszhED)
o HHEF: FRIAM 2 ERBEHT]

hitp://minisite.proj.hkedcitv.net/hkiakit/cht/Science/index.html

BEIFMEHRBEEEEMEGRE  FEREEFERTEEE TIEHMSEE - BENITHRERER
RIEMNER - BB SRERE TRETEYE - #HNEHEE " EfEENER , ¥xbaER
R ZE - GEMEAERIESEREH N ZE AR - NEEE

o BENE—FE[OER

o ERERAYMRE P EL

o FEEMEEMEVERENVETEMER

o HEIBUET{ELT—3&

%  EEEENAEREE SRR R SEaE T IR RAR SUE
BB - P - EERRERVEEHE /BRI AR — AR - TSR] - TR R AR RS

8. BERTEERHEH (AL FHEA)

R - B EUEREERATHLIE G EHE (14/2/2012)
http://www .hkeaa.edu.hk/DocLibrary/Media/PR/PR_20120214 chi.pdl
hitp://www.hkeaa.edu.hk/DocLibrarv/Media/PR/PR_20120214 eng.pdf

o FRPEIUER HRHMZAHM (£ 2016)

http://www.hkeaa.edu.hlk/te/hkdse/Assessment Framework/




HONG KONG EXAMINATIONS AND ASSESSMENT AUTHORITY
HONG KONG ADVANCED LEVEL EXAMINATION 2013
PHYSICS A-LEVEL/AS-LEVEL  PAPER 4

Candidate No. Bench No. Total : 20 marks

Time allowed: 1 hour 30 minutes (Questions marked with * involve measurements. The first 60 minutes is for

performing the experiment and all measurements must be finished within this period. The remaining
30 minutes is for writing-up.)

Warning :  The switch should be open when you are not taking readings.

Objective :  To measure the strength of the magnetic field between two slab-shaped magnets by studying the magnetic

force on a current-carrying coil.

Apparatus : 1 battery (18 V), 1 triple beam balance with a 360° circular protractor fixed on its pan, 1 digital

Procedures :

*2.

multimeter, 1 switch, 1 square search coil, 1 steel yoke with two slab-shaped magnets and with a pointer
attached at the middle of its bottom surface, 4 connecting wires, 1 set of retort stand and clamp.

search coil

Figure 1

side view

With the switch S open, set up the apparatus as shown in Figure 1 and ensure the following points:

(a) Place the steel yoke on the protractor such that the pointer overlaps the 90° and 270°
marks of the protractor.

coil

(b) Connect the search coil to the battery via the switch and the multimeter that serves as a
milliammeter to measure the current through the coil.

(c) With the handle of the search coil pointing vertically upwards, adjust the position of the
search coil until its bottom side lies in-between the two slab-shaped magnets as shown.
The bottom side should be horizontal and parallel to the magnets (i.e. perpendicular to the
magnetic field between the magnets) but the coil and the connecting wires should not
touch anything on the balance. pointer =

Ask the Examiner to check the set-up. A short time is allowed for you to correct any faults; if you are still
unable to set up the apparatus, you may ask the Examiner to set it up for you. You will lose 3 marks for this.

Measure the total mass Ry of the objects placed on the pan of the balance when there is no current in the coil.
Record the reading R, correct to 2 decimal places in unit of gram and its error.

R(): * g

In this set-up, what is the angle & between the bottom side of the search coil and the magnetic field between the

magnets ?
8= °

2013-AL PHY 4-1



*4,

5,

it

*8.

Close the switch to pass an electric current 7 through the coil. Record the current / and its error.

I= + mA

Due to the current 7, there is a magnetic force F acting on the bottom side of the coil. As a result, the triple beam
loses its balance (i.e. the pointer of the balance deviates from the zero mark). Restore its balance and then take the
balance reading R and its error.  Explain how the readings R, and R can be used to estimate the magnitude of F.

R= T g

The number of turns N of the search coil and the length £ of its bottom side are 5000 and 2.0 cm respectively.
Take the gravitational acceleration g as 9.81 m s™. Use the data obtained to estimate the strength B of the
magnetic field between the two slab-shaped magnets. Show your steps clearly and state any assumption related to
the estimation of magnetic field strength. Given: force on a current-carrying conductor in a magnetic field is

BI{ sin @ where 0 is the angle between the conductor and the magnetic field.

Estimate the error in the value of B found in Question 6. Neglect the errors in N, £ and g.

By changing the orientation of the steel yoke alone, repeat the procedures in Questions 4 and 5 until you get 7 sets
of readings for @and R. Then complete the following table and plot a graph of ]R - R0| against sin@

el 90° 65° 45° 30° 20° 10° 0°

R/g

siné

[R-Ri|/¢g

2013-AL PHY 4-2



9.  Use the graph to find the strength B of the magnetic field between the two slab-shaped magnets.

10. Apart from the assumption in Question 6, state ONE major source of error and suggest how to reduce this error.

END OF PAPER
2013-AL PHY 4-3
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A/AS Physics Practical 2013
Day 1(25.5.2013) Sessions : 1 & 2 (9:15 a.m. - 10:45 a.m./11:00 a.m. - 12:30 p.m.)

Bench spaces 1-18

Apparatus 1 18-V battery
1 switch (plug key)

1 digital multimeter (used as milliammeter 0 — 20 mA)

1 triple beam balance with a 360° circular protractor fixed on it

1 square search coil (5000 turns, ~ 2.0 cm x 2.0 cm)

1 steel yoke with 2 slab-shaped magnets, with a pointer attached at the middle of the bottom surface
1 set of retort stand and clamp

4 connecting wires

During session Instruct candidates to dismantle the set-up and collect the battery at the end of the
60-minute experiment session.

Measurement after Measure the strength B of the magnetic field between the slab-shaped magnets with the

a.m. sessions set-up OR a magnetic field sensor.
Marking Scheme
Area A: Performance in Practical Work
1. The procedure for practical work is carried out safely (1 mark)
- Switch is open when the set-up is not attended. 1 mark (code 1)
2. Work is done in an organized way (2 marks)

- *The apparatus and connecting wires are arranged neatly so that the 1 mark (code?2)
circuit can be checked easily.

- Graph is sketched or plotted during the taking of data / before the 1 mark (code 3)
apparatus is dismantled or answering the questions.

3. Apparatus is handled competently (2 marks)
- *Circuit is connected correctly without the help of examiners. 1 mark (code 4)
- Able to use the triple beam balance to take readings. 1 mark (code 5)

4. Instruments are used in appropriate ways to make accurate measurements (2 marks)

- *Bottom side of the search coil is horizontal, parallel to and in-between the 1 mark (code 6)
slab-shaped magnets.

- Able to change the orientation of the steel yoke without affecting the 1 mark (code?7)
protractor and search coil.

Area B: Reporting of Practical Work

1. Quality of the written account on the procedures and techniques (2 marks)
- Correct explanation for Q5 [Q.5] 2 marks

2. Quality of the recording of data (3 marks)
- Table completed with correct calculation
- Correct graph with suitable scales and axis labels [Q.8] 3 marks
- Data points are correctly plotted with a suitable best-fit straight line

3. Quality of the presentation of results (7 marks)
- Ry and R correct within + 5% of examiner’s values; error =+ 0.05/0.1 g [Q.2]&[Q5] 1 mark
- @correct and 7 correct within + 5% of examiner’s values; A/=4+ 0.01 mA [Q3]&[Q4] 1 mark

R-R
| O|g } [accept without 1000]

- Correct equation to calculate Bin Q6 ( B=—+—
1000NI/ sin &

[Q.6] 2 marks
- Correct assumption related to the estimation of magnetic field

- Showing correct estimation of errors in Ry, R and / due to scale uncertainties.
(ARy=AR = 0.05/0.1 g; Al =0.01 mA)

7] 2 marks
- Correct expression in finding AB (ﬁ = ML.A{) [Q7]
B |R-R| I
- B from the slope correct within £ 10% of examiner’s value [Q.9] 1 mark
4. Quality of the interpretation of the results and conclusion (1 mark)

- Able to state one major source of error and suggest a suitable method to[

107 1 k
reduce the error Q.10] 1 mar



A/AS Physics Practical 2013
Sample Answer

#2. Measure the total mass R, of the objects on the pan of the balance when there is no current passing through the coil. Record
the reading R; correct to 2 decimal places in grams and its error.

Ry= _ 13300 4 005

3. Inthis set-up, what is the angle &between the bottom side of the search coil and the magnetic field between the magnets ?

g= 90 o

*4, Close the switch to pass an electric current / through the search coil. Record the current [ and its error.
I= 1074+ 001 qA

*5, Due to the current /, there is a magnetic force F acting on the bottom side of the search coil. As a result, the triple beam loses
its balance (i.e. the pointer of the balance deviates from the zero mark). Now restore the balance of the triple beam and then
take the reading R of the balance and its error.  Explain how the readings Ry and R can be used to estimate the magnitude of F.

R= _ 13030 + 005

There is a reaction magnetic force acting on the magnets and the steel yoke according to Newton’s 3 law. (1M)

The change in reading of the balance is a measure of the magnitude of the force. (IM)
|R— Ry
Le. K :Wg where g = gravitational acceleration

6. The number of turns N of the search coil and the length £ of its bottom side are 5000 and 2.0 cm respectively. Take the
gravitational acceleration g as 9.81 m s™.  Use the data obtained to estimate the strength B of the magnetic field between the
two slab-shaped magnets. Show your steps clearly and state any assumption related to the estimation of field strength.
Given: force on a current-carrying conductor in a magnetic field is B/ £ sin @ where @ is the angle between the conductor and
the magnetic field.

_|R-R|
— 1000

NRIlsin@

He |R-Rplg 13030 -133.00/(9.81)

ALL

=0.0247T
1OAO 1 et 1 an sy a3 n o aaas
TOUUINIISITD TOUUJOUUURTU /84X TU ) IUUZU SIS

=3

The magnetic field is uniform, horizontal and perpendicular to the bottom side of the search coil
Or the magnetic force on the upper side of the coil is neglected. (Accept other reasonable ans.)

7.  Estimate the error in the value of B found in question 6. Neglect the errors in &, /, fand g.

e _
__R-Rlg _AB_AR-R) Al _AR+AR, Al __ 0.05+005 001

= - = =
1000NIsind ~ B |R-Rl 1 [R-RJ 1 [13030=13300] 10.74

AB=0.94mT =1 mT (or AB=1.9mT for taking AR=0.1 g)




A/AS Physics Practical 2013

*8. Repeat the procedures in questions 4 and 5 until you get 7 sets of readings for @and R by changing the orientation of the steel
yoke alone. Then complete the following table and plot a graph of |R - RO| against siné.

90°

65°

45°

30°

20°

10°

00

Rig

130.30

130.60

130.95

131.55

132.05

132.60

133.00

sind

1.0

0.91

0.71

0.50

0.34

0.17

|R-Ry|/g

2.70

2.40

2.05

1.45

0.95

0.40

|R-Ry|/¢g

2l
2.5

2.25

1.75
15
1.25

0.75

05 %L ‘

0.25/ —

0 01 02 03 04 05 06 07 08 09 1 sind

9. Use the graph to find the strength B of the magnetic field between the two slab-shaped magnets.

| | 1000NBII .
ll\ 1\0] . SITY

1000 g

Qiiann [N —
o CCH

1000NBII (1000)(5000) B(10.74 x107*)(0.02)
—=2./383=

; = b5=0.02501
g 9.81

Hence, slope =

10.  Apart from the assumption in Question 6, state ONE major source of error and suggest how to reduce this error.
Scale uncertainty of the triple beam balance is large when compared to the weak magnetic force.

An electronic balance with less scale uncertainty should be used

Or Use stronger magnets to increase the magnetic force. (Accept other reasonable ans.)
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(Draft as of 28 Oct 2013)

Detailed Experiment Report - Format

The following table serves to illustrate the scope of a detailed report comparing to a formal report/full report:

Title detailed report formal report/full report
1. Problem statement + N
2. Experimental hypothesis / objectives N *J

(May be given in the lab

manual or implied from the
problem statement)

3. Experimental design
(i) Apparatus \ \
(ii) Description of design
- Theory /X (optional) \l
- Procedures X (Covered in the +
lab manual)

(iii) Measurement N +
4. Data evaluation v v
3. Error analysis v/ X (optional) y
6. Summary, conclusions and possible \ N

improvements

Note: Ttems 1, 2 and 3(i)(ii) are often partly covered in the laboratory manual provided by teachers, students are
only required to complete the remaining items such that the laboratory manual together with the student’s
work will combine to give a detailed report.



Physics - Detailed Laboratory Report (Sample)

(Part A - Complied by teacher)
Title: To determine the internal resistance of a cell

Aim: Using a voltmeter and an ammeter to determine the internal resistance of a cell froma V - | graph.

Apparatus: dry cell, ammeter, multimeter (set to the range 250 mA), voltmeter, rheostat, resistance box.

Theory: o & F £
—L_1 F— ——
E R
O, 3 ®
Figure 1 Figure 2

A dry cell stores chemical energy. When a dry cell is connected in a circuit, the dry cell releases the chemical
energy as the electrical potential energy. The electromotive force (e.m.f.) £of a cell shows how much electrical
energy would be converted from the cell per unit charge passing through it.

The electromotive force can be measured by a voltmeter which is connected across it directly as shown in Figure 1.
When the cell is connected to a resistor #(shown in Figure 2), a current /, measured by the ammeter, would pass
through it. If the cell has internal resistance 7, the energy per unit charge that it transfers externally will be less
than the electromotive force, because some energy will be consumed by the internal resistance. The amount of
energy dissipated within the cell depends on the current and the internal resistance, and so voltage drop is equal
to /.

Taking stock of the energy changes in the complete circuit including the cell, based on conservation of energy, we
can say
Energy supplied per coulomb by cell

= energy changed per coulomb by external circuit + energy wasted per coulomb by internal resistance of cell

Or, from the definitions of e.m.f. and p.d.,
e.m.f. = p.d. across A+ p.d. across r (where R: external resistance, r: internal resistance)
Insymbols, £ = I, + vV,
e.m.f. usefulvolts lost volts

where Vis the p.d. across the internal resistance of the cell, a quantity that cannot be measured directly but
obtained only by subtracting V,from £ From the equation £= V,+ V, we see that the sum of the p.d.s across all
the resistance in a circuit (external and internal) equals the e.m.f. Since IV, =/Rand V= /r, the previous equation
can be rewritten: E=IR+1Ir

i.e. E=/(R+r)



Method:

Measuring e.m.f. and internal resistance of a cell from V-1 graph

(VL
R
. g . )
; o o—
Y
R !
] ®
i
Rheostat
(Figure 3)
Procedure (format 1 - less structured approach):
1. Setup the apparatus as shown in Figure 3.
2. Connect the circuit such that the dry cell is in series with a rheostat and an ammeter.
3. Measure the external voltage across terminals of the cell by a voltmeter.
4, Adjust the resistance & of the rheostat to obtain 8 pairs of ammeter reading /and voltmeter reading Vover

the widest possible range of A.

Procedure (format 2 - structured approach):

1.
2.

Connect the circuit as shown in Figure 3.

Keep the switch open. Take the reading of the voltmeter. This is the initial electromotive force (e.m.f.) of
the cell.

Set the rheostat to zero. Close the switch and take the ammeter and voltmeter readings. Open the switch
once the readings are taken.

Increase the resistance of the rheostat. Close the switch and adjust the rheostat until the current is roughly
0.1 A below the value in step (3). Take the ammeter and voltmeter readings. Remember to open the switch
once the readings are taken.

Repeat step (4) by decreasing the current in steps of 0.1 A. Plot a graph of the voltage Vagainst the current /



Results (Part B- Compiled by individual student)

Measurement and data evaluation:

Voltage V/V 2.0 21 2.3 2.4 2.5 2.6 a7 2.8
Current I/A 0.083 | 0.060 | 0.050 | 0.040 | 0.030 | 0.023 | 0.015 | 0.005

2. Based on the circuit shown in Figure 3, the terminal voltage V across the cell is related to e.m.f. E of the cell,
the internal resistance r of the cell and the current I by the following equation:

V=E-1Ir
OrV=-rI+E (This is a straight line equation of the form:y = mx + c)

3. The terminal voltage V against current I was plotted on a graph paper (Graph 1).

4. The slope of the graph was measured to give the internal resistance r and the Y-intercept to give the
e.m.f. € of the cell.

5. Slope of the graph = -11.1 V A"
Y-intercept = 2.85 V

6. The internal resistance of the cell = 11.1Q
The e.m.f. E of the cell =2.85 V

Discussion:

I. Source of error:

i

The wire used to connect the circuit contains resistance, so thicker wire should be used to reduce the
resistance, so a more accurate result will be obtained. _

The result of the experiment would be affected by the condition of the surrounding. For example, if
the temperature increases, the resistance of the wire will decrease.

The readings of the voltmeter, ammeter and multimeter were not read by us vertically, so the readings

were not so accurate.

IT. Precautions:

I

The multimeter should be set-zero before it is used as an ohmmeter. Set-zero is also necessary when
the scale in the ohmmeter is changed.

The resistance box may have poor resistance because of rusting at the contact surfaces. Use
sand-paper to polish all the contacting points before use.

Note the polarities of the meters and the cell. Avoid causing the pointer to deflect in the wrong
direction.

Set the rheostat to the largest value before the experiment starts.

Never close the switch while the connection is being made.

To avoid unnecessary heating, open the switch after each reading. Also, this can minimize the change of

e.m.f. E and so to obtain a more accurate resulf.

Conclusion:

In the experiment, the voltmeter-ammeter method has been used to find the e.m.f. and internal resistance of a

cell.

Based on the result of experiment, the internal resistance of the cell was 11.1 Q and its em.f. Ewas 2.85 V.

3



Method (V - I graph):

VIV

Graph (1): Relationship between Terminal Voltage and Current
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Alternative Method:
(Complied by teacher)

Title: To determine the internal resistance of a cell

Aim: Using a voltmeter and an ammeter to determine the internal resistance of a cell fromaR - 1/l graph.

&)~

Resistance box
(Figure 4)

Procedure:
1. Connect the circuit as shown in Figure 4 in which the resistance box and the ammeter are in series.
2. Setthe resistance box to an appropriate large value. Record the values of /and A.

3. Reduce resistance Aof the resistance box. Repeat the measurements of /and Ato obtain 8 pairs of data.

Results (Compiled by individual student)

Measurement and data evaluation:

1. | Resistance R/ 34 30 27 25 22 19 17 15
Current I/A 0.060 | 0045 | 0.067 | 0073 | 0081 | 0.087 | 0.091 | 0.097
1L 7 A2 16.8 155 15.0 137 12.4 115 11.0 10.3

2. Based on the circuit shown in Figure 4, the current I is related to e.m.f. E of the cell, the internal resistance
r of the cell and the external resistance R by the following equation:
I=(E-Ir)/R
OrR=E(/I)-r (This is a straight line equation of the form:y = mx + ¢)
The resistance R against the reciprocal of current 1/I was plotted on a graph paper (Graph 2).
4. The slope of the graph was measured to give the e.m.f. E of the cell and the Y-intercept to give the internal
resistance r,
4. Slope of the graph = 2.92 () A™
Y-intercept = -15.0 2
5. The em.f. Eof thecell =292V

The internal resistance of the cell = 15.0 (2



Discussion:

I. Source of error:

L.

The wire used to connect the circuit contains resistance, so thicker wire should be used to reduce the
resistance, so a more accurate result will be obtained.

The result of the experiment would be affected by the condition of the surrounding. For example, if
the temperature increases, the resistance of the wire will decrease.

The readings of the voltmeter, ammeter and multimeter were not read by us vertically, so the readings

were not so accurate.

II. Precautions:

L.

The multimeter should be set-zero before it is used as an ohmmeter. Set-zero is also necessary when
the scale in the ohmmeter is changed.

The resistance box may have poor resistance because of rusting at the contact surfaces. Use
sand-paper to polish all the contacting points before use.

Note the polarities of the meters and the cell. Avoid causing the pointer to deflect in the wrong
direction.

Set the rheostat to the largest value before the experiment starts.

Never close the switch while the connection is being made.

To avoid unnecessary heating, open the switch after each reading. Also, this can minimize the change of

e.m.f. E and so to obtain a more accurate result.

Conclusion:

In the experiment, the voltmeter-ammeter method has been used to find the e.m.f. and internal resistance of a

cell.

Based on the result of experiment, the internal resistance of the cell was 15.0 Qand its em.f. Ewas 2.92 V.



Alternative Method (R - 1/T graph):

Graph (2): The Relationship between External Resistance and Reciprocal of Current
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Making and Evaluating
an Electrical Battery

Adam Niculescu and Peter Martin, Virginia Commonwealth University, Richmond, VA

his paper describes an experiment that can be

used to introduce the operation and working

parameters of a battery to either high school
or college students. The experiment shows students
how to use a simple cell to light an LED and how to
measure current, voltage, and power when they are
changing with time. The experiment can be extended
to show how effective electrode area controls the cur-
rent and voltage, and how to measure the internal
resistance of the battery.

It is estimated that the U.S. battery market alone
will continue to grow 5.5% annually to reach $14
billion in 2007.1:2 Each month more than 50 global
patents are being issued on battery-related technology,
and whar used to be a mature industry concerned with
carbon-zinc and lead-acid technology has blossomed
into the rapidly growing segments of alkali, lithium,
silver, nickel metal hydride, and rechargeable batter-
ies. Without this technology, the average student’s day
would come to a grinding halt: no calculators, no
iPods, no music, and no cars.

There is a demonstrated need? for physics courses,
especially those not targeting science majors, to allow
students to see the relevance of what they learn in class
to their everyday life. The battery is an ideal topic since
it incorporates the fundamental concepts of electricity
generation and transfer, while exposing students to the
practical aspects of constructing an electrical circuit
and the meaning and measurement of current, voltage,
power, and load. Once they understand these basics,
it is hoped that they will appreciate why there is such
a range of battery technology available and how the

THE PHYSICS TEACHER + Vol, 44, September 2006

different commercial products that are part of their
everyday experience differ from each other.

The project, which is described below, can be used
in any introductory or conceptual physics course at the
high school or college level. It has the students make
a simple battery cell and assess its performance. The
level of assessment can be varied according to the time
available and the ability of the students.

Every battery cell® has a positive and a negative
electrode. These electrodes are immersed in an elec-
troﬁyte that permits the passage of ions between the
electrodes. The electrode materials and electrolyte are
chosen and arranged so that sufficient electromotive
force and electric current can be developed between
the terminals to operate lights, machines, or other de-
vices. Since an electrode contains only a limited num-
ber of units of chemical energy convertible to electrical
energy, it follows that a battery of a given size has a
certain capacity to operate devices and will eventually
become exhausted. Battery usefulness is limited not
only by capacity but also by how fast current can be
drawn from it. The salt ions chosen for the electrolyte
solution must be able to move fast enough through
the solvent to carry chemical matter between the elec-
trodes equal to the rate of electrical demand. Battery
petformance is thus limited by the diffusion rates of
internal chemicals as well as by capacity.

The voltage of an individual cell and the diffusion
rates inside it are also influenced by the temperature of
the electrolyte and are both reduced if the temperature
is lowered from room temperature. If the temperature
is raised deliberately, faster discharge can be sustained,

DOI: 10.1119/1.2336133 343



but this is not generally advisable because the battery
chemicals may evaporate or react spontaneously with
one another leading to early failure.

Within the battery, the negative ions of the elec-
trolyte are pushed toward the negative terminal (and
positive ions toward the positive terminal). The elec-
trolyte resists the flow of ions, the internal resistance
of the battery. Thus, the total resistance of the circuit
containing an external resistor of electrical resistance R
and a battery is the sum of the resistance of the exter-
nal resistor and the internal resistance of the battery.

The electromotive force (emf)e generates a current
I flowing through the resistance R and the internal
resistance 7. Ohm's law is then written as

e=(R+7r 1 (1)
The potential drop of the external resistance R is
V=RI (2)

and is less than the emf, by the amount r /.

Alchough the battery described below is not de-
signed for commercial use, it is well-suited for illustra-
tion of the principles involved in its operation.

Making the Battery>

Kits for making this type of battery are available in
scientific catalogs such as Fisher Scientific® or Caro-
lina.” The necessary materials to perform the steps
described in this paper are given below.

e plastic cups (2}

e copper electrodes (2)

e zinc electrodes (2)

e (coated) paper clips (4)

» red light emitting diode (LED) (low
current and high light output) (1)

¢ alligator clip leads (3)

s 1000-{} resistor (1)

e 500-0) resistor (1)

e container for preparation of the solution
» table salt (not ionized)

» stopwatch

e sandpaper (to clean the electrodes)

e multimeters (2)

The assembled barttery cell is shown in Fig. 1. The
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Fig. 1. Battery cell
containing a copper
and a zinc electrode
immersed in a table
salt solution. When
performing different
steps of the experi-
ment, the salt solu-
tion level should
be maintained the
same.

Connecting wires
k>

Copper
electrode Long leg
o ““\» Light
E /-7 emitting
T [ diode
Zinc ¥ Short leg
electrode

Fig. 2. Circuit diagram of an LED connected to the battery
containing two cells in series.

copper and zinc electrodes are set vertically inside the
plastic cup and are anchored to opposite sides with
coated paper clips. A saturated solution of table salt in
tap water is poured into the cup.

An intuitive way to show that the cell is a source of
electrical energy is by lighting an LED. The power out-
put of this type of cell is relatively low. The red LED
requires a low current to operate. It fires at around 1.7
V, while the cell just made puts out close to 0.8 V. Two
cells connected in series (a two-cell battery) should
do the trick, though. The second cell should be made
identical to the first one.

For the cells to be in series, the zinc electrode of the
first cell is connected with the copper electrode of the
second one with an electrical lead provided. Now the
battery terminals of the system of the two cells are the
copper clectrode of the first cell and the zinc electrode
of the second one.

When examining the LED, one will notice that one
of the legs is longer than the other. Connect the long
leg of the LED to the copper electrode and the short
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Fig. 3. Circuit for measuring the voltage across—and cur-
rent through—the resistor.
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Fig. 4. Time dependence of the power dissipated in the
1000-() resistor.

one to the zinc electrode. Figure 2 gives a diagram of
the circuit. If everything was done right, the red LED
will light up to demonstrate that even the simple cell
can be used to generate a practical quantity of electric-

iry.
Battery Performance

Power and energy

The purpose of the second part of the experiment
is to sec how different components of the battery in-
fluence its performance. First, a measurement of the
open circuit voltage is performed. An open circuit is
when no load (chat dissipates energy) is placed in the
circuit. Next, a circuit containing one cell and a
1000- resistor is made. Measurements are made by
inserting the ammeter and the voltmeter in the circuit

(see Fig. 3).
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Fig. 5. Computing the energy dissipated in the 1000-()
resistor for the 10-min interval.

Taking readings of the voltage and current every
minute shows that the output of the cell decreases
quickly. Table I gives sample data of the readings taken
at one-minute intervals.

Note that there is a direct proportionality between
the current (measured in amperes) and the voltage
(measured in volts) with the constant of proportional-
ity being 1000, which is the value of the resistor in the
circuit. This verifies Ohm’s law (Eq. [2]).

From the data given in Table I one can calculate the
power P dissipated in the resistor:

P=VI. (3)

The time dependence of the power dissipated in the
resistor is shown in Fig. 4.

One can go one step further and find the amount
of energy put out by the battery for the period when
the measurements were made.8 At any instant in time,
the energy delivered (£) can be found by multiplying
the power delivered with the time interval that power
was delivered. Thus,

[ = P X time interval (4)
(one assumes that the power delivered in a short
time interval is constant). The power does not

remain constant in time as shown in Fig. 4; however,
one could use a simple method to approximate the
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Table I. Voltage and current measured at 1-min inter-
vals.

Reading #  Current (mA) Voltage (V)

0 0.71 0.72
1 0.66 0.67
2 0.61 0.61
3 0.56 0.56
4 0.50 0.50
5 0.43 0.44
6 0.40 0.40
7 0.37 0.37
8 0.35 0:35
9 0.35 0.34
10 0.33 0.33

The open-circuit voltage: 0.78 V

1 mA = 1/1000 A

energy dissipated through the following line of rea-
soning (see Fig. 5).

When plotting the constant power (such as the
0.1 mW) dissipated in a resistor in a period of time
such as one minute (see the shaded rectangle shown in
Fig. 5 on the lower left side), the energy dissipated is
numerically equal to the area of the rectangle
(0.1 mW X 60 s = 6 mJ). Now, if the power changes
in time as in this case, one could assume that for very
short periods of time the power dissipated stays con-
stant, so the graph will take the appearance of narrow
rectangular slices for which one could compute the
energy dissipated. Ultimately, that will lead to the
fact that the energy dissipated for the entire period is
numerically equal to the area under the curve of the
power-versus-time graph. One can approximate the
areas under the curve for each minute interval with
rectangles as shown in the figure. In this case the en-
ergy delivered within the 10-min interval was found

to be 144 m].

Internal resistance of the battery
As shown in Table I, the open-circuit voltage across
the cell was found to be 0.78 V, while the inirtial volt-
age across the resistor was 0.72 V. The balance of
0.06 V is the voltage drop across the internal resis-
tance of the cell. It is instructive to check this out.
The electromotive force & of a battery (which is the
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open-circuit voltage) is related to the electric current
Iflowing through the resistor R and the internal resis-
tance » by Eq. (1).

In order to measure the internal resistance of the
cell, one can make a solution with the same concen-
tration of salt as in the experiment above and insert
two copper electrodes on the opposite sides of the cup.
One can measure the resistance with the ohmmerter
function of the multimeter. The resistance found in
our trials was around 110 . This is close to the value
calculated from the above Eq. (1).

r=g/l-R=0.78V/0.00071 A-1000 Q=98 Q.

(Norte: the resistance berween the electrodes in the
same configuration and using distilled water instead
of salt solution is 92 kQ).

Effect of the electrode surface area

The effect of the doubling of the electrodes’ sur-
face area on the electric output of the battery can be
checked by connecting two copper electrodes together
and two zinc clectrodes effectively doubling the sur-
face area of the electrodes. Will the output change?
When measuring the voltage change versus time for
this configuration, we found that the voltage decreases
slower in time than in the experiment with single elec-
trodes (see Fig. 6).

It follows that in the new configuration the energy
delivered to the resistor increases compared with
single electrodes.

Influence of the magnitude of external
resistance

The above measurements were made with one
1000-2 resistor. If one decreases the value of the ex-
ternal resistance, one would expect the value of the
current to increase; thus, the battery would discharge
more rapidly. Indeed, when the 1000-02 resistor was
replaced with a 500-Q one, the voltage across the re-
sistor decreased faster, as shown in Fig. 7.

A simp§C computation shows that in this case the
cutrent flowing through the external circuit is doubled
from the 1000 (2, so the battery is discharged faster. If
one replaces the 500-Q resistor with a 100-£2 one, the
battery will be discharged even faster.
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Fig. 6. Time dependence of voltage for single and double
electrodes.

Conclusions

This experiment has proven to be an effective in-
troduction to the concept of a battery, its operation,
and the parameters defining its capabilities. It can eas-
ily be expanded to show how the electrical parameters
are affected by using different materials for the elec-
trodes (carbon, iron, and aluminum give good data),
and the electrolyte (lemon juice, sodas, and di-ionized
water provide interesting results), and to show the ef-
fects of combining batteries in series and in parallel.
The “Wonders of Technology” course for which the
experiment was originally developed also requires each
student to undertake a short experimental research
project at the end of the semester. Students have built
on their learning from this experiment to carry out
projects comparing the lifetimes of different commer-
cial batteries and to show how the electrical output is
affected by the salt concentration of the electrolyte or
the temperature of the battery.
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Experiment 3: Measuring the luminous flux emitted by a light source and Find the energy
efficiency of the Source

Apparatus: 1 lampstand, 1 light source, 1 wattmeter, 1 illuminance meter, 1 half-metre ruler, 1 box

Experiment:
1. Set up the apparatus as shown below.

Connect the lampstand and the mains supply via an a.c. wattmeter.

Turn on the power and the wattmeter. Wait for about 2 — 3 minutes for the wattmeter reading
to stabilize.

The light source is

Input electrical power P (record the reading of the wattmeter):

[lluminance £ (record the reading of the illuminance meter):

Distance between the lamp and the illuminance meter 7:

2. Calculate the luminous flux by applying E = 4(1)
b

d=4m*xE=

Efficacy =- luminous flux D _

input electrical power P

The experimental value is [ larger than / within the range of / smaller than ] the typical value of the

light source.



Multiple-Choice Questions, HKDSE

Most Favourable Distractor

2012 2013
Paper 1A Paper 2 Paper 1A Paper 2

1. D(21%) [1.1 B(36%) 1. D@37%) |1.1 A10%)
2. B(12%) | 1.2 D(26%) 2. C(24%) 1.2 C(29%)
3. B@B3%) (13 C(18%) 3. A(28%) 1.3 C(21%)
4. C(17%) | 1.4 B (20%) 4. A(20%) 1.4 C(43%)
5. D(@28%) | 1.5 D (30%) 5. D@23%) |15 C(@3%0)
6. C(24%) | 1.6 D (26%) 6. B(22%) |1.6 A(21%)
7. B(17%) | 1.7 A(22%) 7. D(34%) |1.7 D((1%)
8. B(26%) | 1.8 A(17%) 8. B(@37%) 1.8 A (24%)
9. C(7%) 9. C(14%)

10. A(18%) |2.1 A(25%) 10. B(22%) |2.1 A(25%)
11. C(16%) |22 D (23%) 11. A@B0%) |22 A(26%)
12. D(19%) | 2.3 D(27%) 12. D20%) [23 D(23%)
13. B(19%) |2.4 B (21%) 13. C(43%) |24 C(28%)
14. C(18%) |2.5 B(23%) 14. D (8%) 2.5 D21%)
15. A(14%) | 2.6 B (9%) 15. A(14%) |2.6 D(17%)
16. B(12%) | 2.7 C(27%) 16. D(10%) |27 A(34%)
17. A(11%) |2.8 A(22%) 17. C(18%) |2.8 D (36%)
18. C(18%) 18. B (23%)

19. C(12%) | 3.1 D(10%) 19. D(26%) |3.1 B(28%)
20, C(17%) |32 B(26%) 20. D(15%) |32 A(11%)
21. B(28%) |33 C(34%) 2. €(23%) |33 A(ll%)
22. C(25%) | 3.4 D(14%) 22. A(23%) |34 C(18%)
23. D(23%) | 3.5 C(T%) 23. C(24%) |35 A(19%)
24. C(7%) 36 C(12%) 24, C(20%) |[3.6 C(52%)
25. D(30%) |3.7 A(11%) 25. B(Q20%) |[3.7 C(12%)
26. C(18%) |3.8 D(38%) 26. B(29%) |3.8 A(18%)
27. C(19%) 27. A(17%)

28. D((30%) |4.1 B (23%) 28. A(23%) | 4.1 C(30%)
29. AQ21%) |42 A(35%) 29. C(26%) |42 B (24%)
30. D(24%) |43 A(26%) 30. C(31%) |43 B (30%)
31. D(22%) |44 D (41%) 31. B(29%) |44 B (26%)
32. C(26%) (4.5 A(22%) 32. D(24%) |45 B(38%)
33. A(40%) | 4.6 B (23%) 33. DB1%) |46 D (26%)
34. B(24%) |47 A(21%) 34, C(10%) |4.7 D (34%)
35. A(16%) | 4.8 C(38%) 35. A(23%) |48 C(12%)
36. B (23%) 36. C(16%)




