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1.0  INTRODUCTION
1.1  Background Information

This new Physics syllabus for Form V and Form VI replaces the 1997 syllabus 
which has been phased out. The former syllabuses were not competence based and 
most teaching and learning strategies were not learner centred.

The revision process has observed a paradigm shift from that of content – based 
curriculum to a competence-based curriculum.  The teaching and learning strategies 
used in this reviewed syllabus are learner-centred and activity oriented.  Students 
are expected to be engaged in a variety of activities culminating to meaningful 
learning.  Moreover the revision has also taken into consideration the requirements 
of the Secondary Education Development Plan (SEDP), and cross-cutting issues.

1.2  Subject Description
Physics in Advanced level Secondary Education provides with a contemporary 
and coherent understanding of energy, matter and their interrelations. It focuses on 
investigating natural phenomena and then applying patterns, principles, theories 
and laws to explain the physical behaviour of the universe.

The study of Physics relies on the understanding and application of a number of 
basic laws and principles that govern the microscopic and macroscopic holds. 
Physics provides students with an understanding of system that is the basis of the 
development of technological applications.

This syllabus is intended for Advanced level secondary schools students, using this 
syllabus teacher’s will be able to apply different methods and strategies in guiding 
students to perform activities related to the subject content of their level. Students 
are expected to be engaged in a variety of activities that will end to a meaningful 
learning.

1.3  Rationale for the Review of the Physics Syllabus
The review of Physics syllabus was based on the stakeholders’ comments, which 
indicated four areas of improvement. It was revealed that some content were 
outdated, difficult, repetitive and irrelevant.

In this revised syllabus; mechanics was split into three independent topics namely; 
mechanics, fluid dynamics and properties of matter in order to avoid repetitive 
of content. On the other hand to bring good flow of topics, dimension and error 
have been treated under one topic known as measurement. Some content have 
been shifted to appropriate/topic/subtopics such as AC theory which shifted from 
electromagnetism to current electricity, kinetic theory from Heat to properties of 
matter, and electrolysis to Chemistry subject.  It should be noted that in this review 
Geophysics and Maser topics were dropped out and new topic of environmental 



iv

physics has been introduced so as to include the crosscutting issues and give room 
for some content from Geophysics. Likewise new sub-topics have been introduced 
in various topics.
Difficult topics have been addressed by reorganizing content and subtopics as well 
as improving teaching and learning strategies.

2.0  AIMS AND OBJECTIVES OF EDUCATION IN TANZANIA
The general objectives of education in Tanzania are to:
a) guide and promote the development and improvement of the personalities of 

the citizens of Tanzania, their human resources and effective utilization of their 
resources in bringing about individual and national development.

b) promote the acquisition and appreciation of culture, customs and traditions of 
the people of Tanzania.

c) promote the acquisition and appropriate use of literary, social, scientific, 
vocational, technological, professional and other forms of knowledge, skills 
and understanding for the development and improvement of man and society.

d) develop and promote self-confidence and an inquiring mind, an understanding 
and respect for human dignity and human rights and a readiness to work hard 
for personal self advancement and national improvement.

e) enable and expand the scope of acquisition, improvement and upgrading of 
mental, practical productive and other life skills needed to meet the changing 
needs of industry and the economy.

f) enable every citizen to understand the fundamentals of the national constitution 
as well as the enshrined human and civic rights, obligation and responsibilities.

g) promote the love for work, self and wage employment and to improve 
performance in the production and service sectors.

h) inculcate principles of national ethic and integrity, national and international 
cooperation, peace and justice through the study, understanding and adherence 
to the provision of the National Constitution and International basic charters.

i) enable a rational use, management and conservation of our environment.   
                 

3.0  AIMS AND OBJECTIVES OF SECONDARY EDUCATION
The aims and objectives of secondary education are to:
a) consolidate and broaden the scope of baseline ideas, knowledge, skills and 

principles acquired and developed at primary education levels.
b) enhance further development and appreciation of national unity, identify and 

ethnic personal integrity, respect for and readiness to work, human rights, 
cultural and moral values, customs, traditions and civic responsibilities and 
obligations.
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c) promote the development of competency in linguistic ability and effective 
use of communication skills in Kiswahili and at least one foreign language

d) promote opportunities for the acquisition of knowledge, skills, attitudes and 
understanding in prescribed or selected fields of study.

e) prepare students to tertiary and higher education; vocational, technical 
and professional.

f) inculcate a sense and ability for self-study, self-reliance and self-advancement 
in new frontiers of science and technology, academic and occupational 
knowledge and skills.

g) prepare the student to join the world of work.

4.0  GENERAL SUBJECT COMPETENCES
By the end of the course student should have the ability to:
a) communicate using the language of Physics.
b) apply theories, laws and principles of Physics.
c) use the scientific method in designing and carrying out experiments in 

Physics.
d) apply scientific and technological knowledge and skills in management, 

conservation and sustainable use of the environment.
e) handle and manage various technological appliances in solving daily 

life problems.
f) work independently for self-advancement in new frontiers of physics.
g) use ICT to acquire and generate knowledge.

5.0  GENERAL  SUBJECT  OBJECTIVES
By the end of the course, the student should be able to:
a) understand the language of Physics.                                                                                                           
b) explain theories, laws and principles of Physics.
c) understand the scientific method in solving problems.
d) promote scientific and technological knowledge and skills in management, 

conservation and sustainable use of the environment.
e) promote manipulative skills to manage various technological appliances.
f) promote self-study for self-advancement in new frontiers of Physics.
g) appreciate the role of ICT in the process of learning Physics.
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6.0  ORGANIZATION OF THE SYLLABUS
This Physics syllabus has a slightly different structure compared to that of 1997. 
The following changes were added for improvement:
a) general competences for the course.
b) competences for each class.
c) suggested areas for assessment.
d) number of periods per sub-topic.

6.1  Subject  Competences
Competences have been stated for each class/level of Physics course. The class 
level competence is derived from the class level objectives.

6.2  Subject  Objectives
When the stated class objective is achieved, then the expected competence is 
realized by learner. The general objectives for each class are stated in general terms 
to indicate the scope of content to be covered within each level.

6.3  Content Matrix
6.3.1  Topics/sub-topics

The topics have been derived from the class level competences and objectives. 
Most of the topics in the 1997 Physics syllabus have been retained.  However 
Error and Dimensions of Physical Quantities topics have been combined under one 
topic called Measurement. Mechanics topic has been split into three independent 
topics namely Mechanics, Fluid Dynamics and Properties of Matter. One new topic 
namely Environmental Physics has been introduced to replace Geophysics so as to 
allow treatment of environment as a cross-cutting issue. Likewise sub-topics have 
been arranged to attain a logical order. Some of sub-topics have been shifted to 
more appropriate topics or subjects.

6.3.2  Specific objectives
Each sub-topic has more than one specific objective. These specific objectives are 
the expected learning outcomes. They also reflect the process to attain competences 
within the cognitive, affective and psychomotor domains.

6.3.3  Teaching and learning strategies
The teaching and learning strategies indicate what the students and teacher are 
expected to do in the process of teaching and learning.  Students are encouraged 
to work in small groups for maximum participatory and cooperative learning. The 
teacher shall assume the role of a facilitator to promote, guide and help students’ 
learning activities. The whole teaching and learning process should be participatory 
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and interactive, where the student learns by doing a series of logical activities.
The suggested teaching and learning strategies are not exhaustive.  The students 
and teacher may use any other strategies which suit the teaching and learning 
environment depending on the available resources.

6.3.4  Teaching and learning resources
In the teaching of Physics a variety of teaching and learning resources will be needed 
in quality and quantity.  In case the standard teaching and learning resources are not 
available, the teacher should work with students to collect or improvise alternative 
resources available in their environment. The teaching and learning resources listed 
are not exhaustive, the teacher is advised to use relevant and more contextualized 
resources.

6.3.5  Assessment
For every specific instructional objective, there is a suggested question or area 
for assessment. Formative and summative assessment should be geared towards 
mastering all the competences and skills developed within the course. Teachers 
should use assessment tools to assess student’s ability by the end of the lesson. 
Examples of these tools are: Tests, quizes, assignments, exercises, project work, 
experimental work and portifolios. 
   

6.3.6  Estimated number of periods
The number of periods has been allocated per each sub-topic.  Ten periods per week 
of 40 minutes each, have been allocated for both Form V and Form VI. According 
to the Education Circular No. 9 of 2004, there are a total of 194 effective teaching 
days per year. Each sub-topic is allocated with appropriate number of periods for 
teaching/learning depending on its content.

7.0  INSTRUCTIONAL TIME
This syllabus is to be covered in two academic years including two weeks reserved 
for mid-year and annual examinations each year.  Lost instructional time should be 
compensated for.

8.0  ASSESSMENT FOR A-LEVEL PHYSICS SUBJECT
The table below shows the types of assessment and accompanied assessment 
measures to be used. The assessment measures listed in the table contributes 
to continuous and final assessment of the student achievement. The frequency for 
each assessment measure has been indicated with the weight in percentage (%). You 
are therefore strongly advised to apply a wide selection of assessment measures in 
order to develop students’ ability for the mastering of the subject matter during the 
teaching and learning process.
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FORM V

Class Competences
By the end of Form V course the student should have the ability to:

1. Communicate effectively using the language of Physics.
2. Apply theories, laws and principles of mechanics, heat, vibration and waves, and 

electrostatics in daily life.
3. Make appropriate and accurate measurements.
4. Investigate physical phenomena scientifically.
5. Use and maintain domestic appliances.

Class Objectives
By the end of Form V course, the students should be able to:

a) identify standard symbols and nomenclature used in Physics.
b) explain theories, laws and principles of mechanics, heat, vibrations and waves, 

and electrostatics.
c) demonstrate knowledge and skills in the use of measuring instruments.
d) design and perform experiments in mechanics, heat, vibration and waves and 

electrostatics.
e) design and construct simple technological appliances.
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ibr
an

t 
fo

rce
s o

n a
 bo

dy
 re

sti
ng

 on
 a 

ho
riz

on
tal

 an
d i

nc
lin

ed
 pl

an
e.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
co

mp
ute

 
eq

uil
ibr

an
t f

or
ce

s o
n a

 bo
dy

 of
 

ho
riz

on
tal

 an
d i

nc
lin

ed
 pl

an
e.

• 
Sp

rin
g b

ala
nc

es
• 

Pu
lle

ys
• 

Lo
ad

s/m
ass

es
• 

In-
ex

ten
sib

le 
 

• 
str

ing
• 

Inc
lin

e p
lan

e

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 
eq

uil
ib

ran
t f

or
ce

s o
f 

a b
od

y?

24
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S

b)
 

de
riv

e e
xp

res
sio

ns
 fo

r 
ten

sio
n a

nd
 ac

ce
ler

ati
on

 fo
r 

co
nn

ec
ted

 bo
die

s.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

gro
up

s t
o 

dis
cu

ss 
Ne

wt
on

’s 
law

s o
f m

oti
on

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
pe

rfo
rm

 
ex

pe
rim

en
t t

o d
ete

rm
ine

iii
) 

ac
ce

ler
ati

on
 of

 co
nn

ec
ted

 bo
die

s i
n 

ho
riz

on
tal

 an
d i

nc
lin

ed
 pl

an
es

. 
iv)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e 
ex

pr
es

sio
ns

 fo
r t

en
sio

n a
nd

 ac
ce

ler
ati

on
 

fo
r t

he
 co

nn
ec

ted
 bo

die
s.

• 
Pu

lle
ys

• 
M

ass
es

• 
Str

ing
• 

Inc
lin

e p
lan

e

Is 
the

 st
ud

en
t a

ble
 to

de
riv

e e
xp

res
sio

ns
 

fo
r t

en
sio

n a
nd

 
ac

ce
ler

ati
on

 of
 

co
nn

ec
ted

 bo
die

s?

c) 
de

ter
mi

ne
 re

ac
tio

n f
orc

es.
i) 

St
ud

en
ts 

in 
gr

ou
ps

 th
ro

ug
h r

ole
-pl

ay
 

to 
de

mo
ns

tra
te 

rea
cti

on
 fo

rce
s o

n a
 

ho
se

pip
e, 

fir
ing

 gu
n, 

ro
ck

et 
an

d j
et 

pla
ne

.
ii)

 
St

ud
en

ts 
to 

ca
lc

ul
at

e r
ea

ct
io

n 
for

ce
s.

• 
Ho

sep
ipe

• 
Gu

n
• 

Ro
ck

et 
(w

ate
r)

• 
Jet

-pl
an

e
• 

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 re
ac

tio
n 

for
ce

s?

d)
 

sta
te 

an
d a

pp
ly 

the
 la

w 
of 

co
ns

erv
ati

on
 of

 li
ne

ar 
mo

me
ntu

m.

i) 
St

ud
en

ts 
to 

us
e N

ew
ton

’s 
La

ws
 to

 
de

du
ce

 th
e p

rin
cip

le 
of

 co
ns

erv
ati

on
 of

 
lin

ea
r m

om
en

tum
.

ii)
 

Stu
de

nts
 th

rou
gh

 gr
ou

p t
o d

isc
us

s o
n 

dis
tin

cti
on

 be
tw

ee
n e

las
tic

 an
d i

ne
las

tic
 

co
llis

ion
.

• 
Ba

lls
• 

Tr
oll

ey
• 

Ba
llis

tic
  p

en
du

lum

Is 
the

 st
ud

en
t a

ble
 to

sta
te 

an
d a

pp
ly 

the
 

law
 of

 co
ns

erv
ati

on
of

 li
ne

ar 
mo

me
ntu

m?
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iii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
the

 
ap

pli
ca

tio
ns

 of
 th

e p
rin

cip
le 

of 
co

ns
erv

ati
on

 of
 lin

ea
r m

om
en

tum
.

e) 
de

sc
rib

e a
pp

lic
ati

on
s o

f 
Ne

wt
on

’s 
law

s o
f m

oti
on

 
in 

da
ily

 lif
e.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

  t
o b

rai
ns

tor
m 

an
d d

isc
us

s a
pp

lic
ati

on
s o

f
Ne

wt
on

’s 
law

s o
f m

oti
on

.

   M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
sc

rib
e a

pp
lic

ati
on

s 
of

 N
ew

ton
’s 

law
s o

f 
mo

tio
n i

n d
ail

y l
ife

?

2.2
  P

ro
jec

til
e  

M
oti

on
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

de
sc

rib
e p

ro
jec

til
e m

ot
io

n 
pa

ram
ete

rs.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss

pr
oje

cti
le 

mo
tio

n, 
tra

jec
tor

y, 
tim

e o
f fl

igh
t, 

ran
ge

, m
ax

im
um

 he
igh

t a
nd

 an
gle

 of
 

pro
jec

tio
n.

• 
So

cc
er 

ba
ll

• 
Ca

tap
ult

• 
Bo

w 
an

d a
rro

w
• 

Gu
n a

nd
  

• 
bu

lle
ts 

(co
mp

ute
r       

      
sim

ula
tio

n)

Is 
the

 st
ud

en
t a

ble
 to

de
sc

rib
e p

roj
ec

tile
 

mo
tio

n p
ara

me
ter

s?

6

b)
 

de
riv

e p
ro

jec
til

e m
oti

on
 

pa
ram

ete
rs.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e

ex
pr

es
sio

ns
 fo

r t
raj

ec
tor

y, 
ma

xim
um

 
he

igh
t, 

an
gle

 of
 pr

oje
cti

on
, r

an
ge

 an
d t

im
e 

of
 fli

gh
t.

  M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
riv

e p
roj

ec
tile

 m
oti

on
 

pa
ram

ete
rs?

c) 
de

sc
rib

e t
he

 ap
pli

ca
tio

ns
 

of
 pr

oje
cti

le 
mo

tio
n.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
gr

ou
ps

 to
dis

cu
ss 

ap
pli

ca
tio

ns
 of

 pr
oje

cti
le 

mo
tio

n.
  M

an
ila

 sh
ee

ts
Is 

the
 st

ud
en

t a
ble

 to
de

sc
rib

e a
pp

lic
ati

on
s 

of
 pr

oje
cti

le 
mo

tio
n?
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2.3
  U

nif
orm

 C
irc

ula
r  

 
    

   M
oti

on
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to:
a) 

ex
pla

in 
an

gu
lar

 
di

sp
lac

em
en

t, 
ve

lo
cit

y 
an

d a
cc

ele
ra

tio
n w

ith
 

res
pe

ct 
to 

cir
cu

lar
 

mo
tio

n.

i) 
St

ud
en

ts 
to 

wh
irl

 an
 ob

jec
t i

n a
 ve

rti
ca

l 
an

d h
or

izo
nta

l p
lan

e a
nd

 ob
se

rv
e t

he
 

mo
tio

n.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
dis

pla
ce

me
nt,

 ve
loc

ity
, a

cc
ele

rat
ion

 
an

d c
en

tri
pe

tal
 fo

rce
.

iii
) 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

du
ce

 
ex

pr
es

sio
n f

or
 te

ns
ion

 an
d p

eri
od

 of
 th

e 
ve

rti
ca

l a
nd

 ho
riz

on
tal

 m
oti

on
.

• 
Str

ing
• 

Pe
nd

ulu
m 

bo
b

• 
Sto

p w
atc

h

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in:
 

i) 
an

gu
lar

 
dis

pla
ce

me
nt

ii)
 

 ve
loc

ity
 an

d 
ac

ce
ler

ati
on

 w
ith

 
res

pe
ct 

to 
cir

cu
lar

 
mo

tio
n?

12

b) 
de

scr
ibe

 ap
pli

ca
tio

ns
 of

 
cir

cu
lar

 m
oti

on
.

i) 
St

ud
en

t t
o d

isc
us

s c
on

ce
pt

 of
 ba

nk
in

g 
as

 ap
pli

ed
 to

 an
 ob

jec
t n

eg
oti

ati
ng

 a 
co

rne
r.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
gr

ou
ps

 
to 

dis
cu

ss 
co

nd
iti

on
s f

or 
stu

dy
ing

 an
d 

ov
ert

urn
ing

.
iii

) 
St

ud
en

t i
n g

ro
up

s t
o d

em
on

str
ate

 
ce

ntr
ifu

ga
l m

oti
on

.
iv)

 
Te

ac
he

rs 
to 

gu
ide

 st
ud

en
ts 

to 
de

du
ce

 
the

 re
lat

ion
sh

ip 
be

tw
ee

n c
en

tri
pe

tal
 an

d 
ce

ntr
ifu

ga
l f

or
ce

.
v)

 
St

ud
en

ts 
in 

gro
up

s t
o d

isc
us

s a
pp

lic
ati

on
s 

of 
ce

ntr
ifu

ga
l m

ot
io

n i
n d

ail
y l

ife
.

• 
Ch

ar
ts 

wi
th

• 
di

ag
ra

m 
of 

ve
hi

cle
, 

ro
ad

 an
d r

ail
wa

ys
• 

Ai
d p

lan
e (

co
mp

ute
r 

sim
ul

ati
on

)
• 

Bu
ck

et
• 

Te
st 

tub
e

• 
W

ate
r

• 
Gr

an
ule

s

Is 
the

 st
ud

en
t a

ble
 to

de
sc

rib
e a

pp
lic

ati
on

 
of

 ci
rcu

lar
 m

oti
on

?
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2.4
   S

im
ple

 H
arm

on
ic  

      
M

ot
io

n (
SH

M
)

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
de

sc
rib

e S
im

pl
e H

arm
on

ic 
M

oti
on

.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 
de

mo
ns

tra
te 

Si
mp

le 
Ha

rm
on

ic 
M

oti
on

.
ii)

 
St

ud
en

ts 
in 

gr
ou

ps
 to

 
de

mo
ns

tra
te 

ex
ist

en
ce

 of
 

res
tor

ing
 fo

rce
.

iii
) 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
rel

ate
 S

HM
 an

d c
irc

ula
r 

mo
tio

n.

• 
He

lic
al 

sp
rin

g
• 

M
as

se
s

• 
Si

mp
le 

pe
nd

ulu
m

• 
U-

tub
e

• 
W

ate
r

• 
Sp

rin
g b

ala
nc

e m
etr

e 
rul

e
• 

Gr
ap

h p
ap

er

Is 
the

 st
ud

en
t a

ble
 to

de
sc

rib
e S

im
ple

 
Ha

rm
on

ic 
M

ot
ion

?

12

b)
 

de
du

ce
 di

sp
lac

em
en

t, 
ve

loc
ity

, a
cc

ele
rat

ion
 an

d 
pe

rio
d f

or
 S

HM
.

i) 
Te

ac
he

r t
o g

ui
de

 st
ud

en
ts 

to
 di

sc
us

s a
nd

 de
riv

e 
ex

pre
ssi

on
s f

or 
the

ii)
 

dis
pla

ce
me

nt,
 v

elo
cit

y, 
ac

ce
ler

ati
on

 an
d p

eri
od

 of
 

SH
M

.
iii)

 
Stu

de
nts

 to
 so

lve
 pr

ob
lem

s 
for

 bo
die

s e
xe

cu
tin

g S
HM

.

• 
Lo

ad
ed

 sp
rin

g 
• 

W
ate

r i
n U

-tu
be

• 
Sim

ple
  p

en
du

lum
• 

Flo
ati

ng
 lo

ad
ed

 te
st-

tub
e

• 
Sto

p w
atc

h

Is 
the

 st
ud

en
t a

ble
 to

 
de

du
ce

 di
sp

lac
em

en
t,

ve
loc

ity
, a

cc
ele

rat
ion

 
an

d p
eri

od
 fo

r S
HM

?

c) 
an

aly
ze

 en
erg

y c
ha

ng
es

 in
 

SH
M

.
i) 

Stu
de

nts
 in

 gr
ou

ps
 to

 di
scu

ss 
PE

 an
d K

E c
ha

ng
es 

in 
SH

M
.

ii)
 

St
ud

en
ts 

to 
sk

etc
h g

rap
h o

f 
en

erg
y c

ha
ng

es
 in

 SH
M

.

Ch
art

s w
ith

 gr
ap

hs
 of

 
en

erg
y c

ha
ng

es
 in

 SH
M

Is 
the

 st
ud

en
t a

ble
 to

 
an

aly
ze

 en
erg

y c
ha

ng
es

 
in 

SH
M

?
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d)
 

 ex
pla

in 
the

 ap
pli

ca
tio

ns
 

of 
SH

M
.

St
ud

en
ts 

to 
br

ain
sto

rm
 an

d d
isc

us
s 

ap
pli

ca
tio

ns
 of

 SH
M

.
M

an
ila

 sh
ee

ts
Is 

the
 st

ud
en

t 
ab

le 
to 

ex
pla

in 
the

 
ap

pli
ca

tio
ns

 of
  

SH
M

?

2.5
   G

rav
ita

tio
n

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
ex

pl
ain

 th
e t

hr
ee

 K
ep

ler
’s 

law
s o

f P
lan

eta
ry

 m
ot

io
n.

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

to 
sta

te 
an

d 
ill

us
tra

te 
Ke

ple
r’s

 la
ws

 of
 pl

an
eta

ry
 

mo
tio

n.

• 
M

an
ila

 sh
ee

ts
• 

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

the
 th

ree
 

Ke
ple

r’s
 la

ws
 of

 
Pl

an
eta

ry
 m

oti
on

?

14

b)
 

de
du

ce
 N

ew
ton

’s 
La

w 
of 

Un
ive

rsa
l G

rav
ita

tio
n.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 di
sc

us
s f

orc
es 

ex
ist

ing
 be

tw
ee

n t
wo

 bo
die

s.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
du

ce
 N

ew
ton

’s 
law

 of
 un

ive
rsa

l 
Gr

av
ita

tio
n.

• 
M

an
ila

 sh
ee

ts
• 

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 

to 
de

du
ce

 N
ew

ton
’s 

La
w 

of
 U

ni
ve

rsa
l 

Gr
av

ita
tio

n?

c) 
de

riv
e K

ep
ler

’s 
thi

rd
 la

w 
of 

pla
ne

tar
y m

oti
on

 fr
om

 
Ne

wt
on

’s 
law

 of
 un

ive
rsa

l 
gra

vit
ati

on
.

St
ud

en
ts 

to 
us

e N
ew

tow
n’s

 L
aw

 of
 

Un
ive

rsa
l g

rav
ita

tio
n t

o d
eri

ve
 K

ep
ler

’s 
thi

rd
 la

w 
of

 pl
an

eta
ry

 m
oti

on
.

• 
M

an
ila

 sh
ee

ts
• 

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t 

ab
le 

to 
de

riv
e 

Ke
ple

r’s
 th

ird
 la

w 
of

 pl
an

eta
ry 

mo
tio

n 
fro

m 
Ne

wt
on

’s 
law

 of
 un

ive
rsa

l 
gr

av
ita

tio
n?
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d) 
de

ter
mi

ne
 gr

av
ita

tio
na

l 
po

ten
tia

l o
f a

 bo
dy

.
i) 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 

co
nc

ep
t o

f g
rav

ita
tio

na
l p

ote
nti

al.
ii)

 
St

ud
en

ts 
in 

gr
ou

ps
 to

 de
riv

e a
n e

xp
res

sio
n 

fo
r t

he
 gr

av
ita

tio
na

l p
ote

nti
al 

of
 a 

bo
dy

.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t 

ab
le 

to 
de

ter
mi

ne
 

gr
av

ita
tio

na
l 

po
ten

tia
l o

f a
 bo

dy
?

e) 
ap

ply
 K

ep
ler

’s 
law

s 
an

d N
ew

ton
’s 

law
 of

 
Un

ive
rsa

l g
rav

ita
tio

n i
n 

sat
ell

ite
 m

oti
on

.

i) 
St

ud
en

ts 
in

 g
ro

up
s t

o 
ex

am
in

e s
ate

lli
te 

mo
tio

n.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e e
sc

ap
e 

ve
loc

ity
, h

eig
ht 

an
d v

elo
cit

y o
f a

 pa
rk

ing
 

orb
it.

iii
) 

St
ud

en
ts 

to 
br

ain
sto

rm
 an

d d
isc

us
s 

im
po

rta
nc

e o
f a

rti
fic

ial
 ea

rth
 sa

tel
lite

s.

• 
M

an
ila

 sh
ee

ts
• 

Co
mp

ute
r 

sim
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 to

ap
ply

 K
ep

ler
’s 

law
s a

nd
 N

ew
ton

’s 
law

 of
 U

niv
ers

al 
gr

av
ita

tio
n i

n 
Sa

tel
lit

e m
oti

on
?

2.6
   R

ot
ati

on
 of

 R
igi

d 
    

    
 B

od
ies

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ex

pla
in 

the
 co

nc
ep

t o
f 

rot
ati

on
 of

 a 
rig

id 
bo

dy
.

St
ud

en
ts 

in 
gr

ou
ps

 to
 de

mo
ns

tra
te 

rig
id 

bo
dy

 
mo

tio
n.

• 
Ri

gid
 ro

d
• 

Ro
tat

ing
 st

oo
l

• 
M

ass
es

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

the
 

co
nc

ep
t o

f r
ota

tio
n 

of
 a 

rig
id 

bo
dy

?

32

b)
 

de
ter

mi
ne

 th
e 

mo
me

nt 
of 

In
ert

ia 
of

 a 
ro

tat
ing

 ri
gid

 bo
dy

.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 
me

an
ing

 of
 m

om
en

t o
f i

ne
rti

a.
ii)

 
Stu

de
nts

 in
 gr

ou
ps

 to
 pe

rfo
rm

 an
 ex

pe
rim

en
t 

to 
de

ter
mi

ne
 th

e m
om

en
t o

f i
ne

rti
a o

f a
 bo

dy
.

• 
Ro

d
• 

Di
sc

• 
Cy

lin
de

r
• 

Sp
he

re
• 

La
mi

na

Is 
the

 st
ud

en
t a

ble
 

to 
de

ter
mi

ne
 th

e 
mo

me
nt 

of
 In

ert
ia 

of 
a r

ota
tin

g r
igi

d 
bo

dy
?
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T
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AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S

iii
) 

St
ud

en
ts 

to
 de

du
ce

 ex
pr

es
sio

ns
 fo

r 
m

om
en

t o
f i

ne
rti

a.
iv)

 
St

ud
en

ts 
to 

us
e t

he
 ex

pr
es

sio
n o

f 
mo

me
nt 

of
 in

ert
ia 

to 
de

ter
mi

ne
 th

e 
mo

me
nt 

of
 in

ert
ia 

of
 a 

ro
d, 

dis
c, 

lam
ina

, c
yli

nd
er 

an
d s

ph
ere

.

c) 
de

du
ce

 th
e r

ad
ius

 of
 gy

rat
ion

 
of 

a r
ota

tin
g r

igi
d b

od
y.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 m
ea

nin
g  

 of
 gy

rat
ion

.
ii)

 
St

ud
en

ts 
in 

gr
ou

ps
 to

 pe
rfo

rm
 an

 
ex

pe
rim

en
t t

o d
ete

rm
ine

 th
e r

ad
ius

 
of

 gy
rat

ion
 of

 a 
ro

d, 
dis

c, 
lam

ina
, 

cy
lin

de
r a

nd
 sp

he
re.

• 
Ro

d
• 

Di
sc

• 
La

mi
na

• 
Cy

lin
de

r
• 

Sp
he

re.

Is 
the

 st
ud

en
t a

ble
 to

 
de

du
ce

 th
e r

ad
ius

 of
 

gy
rat

ion
 of

 a 
ro

tat
ing

 
rig

id 
bo

dy
?

d)
 

 d
ed

uc
e e

xp
res

sio
n f

or 
tor

qu
e.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 m
ea

nin
g o

f t
orq

ue
.

ii)
 

St
ud

en
ts 

to 
de

du
ce

 th
e e

xp
res

sio
n 

fo
r t

or
qu

e t
hr

ou
gh

 de
mo

ns
tra

tio
n.

• 
Hi

ng
ed

 do
or

• 
Di

sc
• 

La
mi

na

Is 
the

 st
ud

en
t a

ble
 to

ex
pr

es
sio

n f
or 

tor
qu

e?

e) 
de

riv
e e

xp
res

sio
n f

or 
Ki

ne
tic

 en
erg

y o
f a

 
ro

tat
ing

 ri
gid

 bo
dy

.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e 

ex
pr

es
sio

n f
or

 th
e k

ine
tic

 en
erg

y o
f a

 
ro

tat
ing

 ri
gid

 bo
dy

.

• 
Ri

gid
 bo

dy
• 

Di
sc

• 
M

etr
e r

ule

Is 
the

 st
ud

en
t a

ble
 to

 
de

riv
e e

xp
res

sio
n f

or 
Ki

ne
tic

 en
erg

y o
f a

 
ro

tat
ing

 ri
gid

 bo
dy

?
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T
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AT
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NU

M
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R 
OF

 
PE

RI
OD

S
f) 

de
du

ce
 ex

pr
es

sio
n f

or 
wo

rk
 do

ne
 by

 a 
tor

qu
e.

St
ud

en
ts 

in 
gr

ou
ps

 to
 di

sc
us

s a
nd

 
de

riv
e e

xp
res

sio
n 

fo
r w

or
k d

on
e b

y a
 

tor
qu

e.

• 
Ro

tat
ing

 ro
d

• 
M

etr
e r

ule
Is 

the
 st

ud
en

t a
ble

 to
 

de
du

ce
 ex

pr
es

sio
n 

for
 w

or
k d

on
e b

y a
 

tor
qu

e?

g)
 

ex
pla

in 
the

 co
nc

ep
t o

f 
an

gu
lar

 m
om

en
tum

.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
mo

ns
tra

te 
an

d d
isc

us
s t

he
 co

nc
ep

t o
f 

an
gu

lar
 m

om
en

tum
.

• 
Bi

cy
cle

 w
he

el 
on

 
ax

le
• 

Ro
tat

ing
 st

oo
l

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 co
nc

ep
t 

of
 an

gu
lar

 m
om

en
tum

?

h)
 

de
du

ce
 th

e p
rin

cip
le 

of 
co

ns
erv

ati
on

 of
 an

gu
lar

 
mo

me
ntu

m.

i) 
St

ud
en

ts 
to 

de
mo

ns
tra

tec
on

ser
va

tio
n 

of
 an

gu
lar

 m
om

en
tum

.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
du

ce
 th

e p
rin

cip
le 

of 
co

ns
erv

ati
on

 of
 an

gu
lar

 m
om

en
tum

.

Ro
tat

ing
 bo

dy
Is 

the
 st

ud
en

t a
ble

 to
 

de
du

ce
 th

e p
rin

cip
le 

of
 co

ns
erv

ati
on

 of
 

an
gu

lar
 m

om
en

tu
m?

i) 
 de

scr
ibe

 th
e a

pp
lic

ati
on

s o
f 

rot
ati

on
al 

mo
tio

n o
f r

igi
d 

bo
die

s i
n d

ail
y l

ife
.

St
ud

en
ts 

in 
gr

ou
ps

 to
 br

ain
sto

rm
 an

d 
dis

cu
ss 

ap
pli

ca
tio

ns
 of

 ro
tat

ion
al 

mo
tio

n o
f r

igi
d b

od
ies

.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t 

ab
le 

to 
de

sc
rib

e 
the

 ap
pli

ca
tio

n o
f 

ro
tat

io
na

l m
ot

io
n 

of
 

rig
id

 b
od

ies
 in

 d
ail

y 
lif

e?

3.0
  F

LU
ID

 
DY

NA
M

IC
S

3.1
  S

tre
am

lin
e F

lo
w 

   
   

an
d C

on
tin

uit
y

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

   
 e

xp
lai

n 
th

e 
co

nc
ep

ts 
of

 fl
ui

d 
m

ot
io

n.

i) 
St

ud
en

ts 
in

 g
ro

up
s t

o 
br

ain
sto

rm
 

an
d d

isc
us

s c
on

ce
pt

s o
f fl

ui
d 

mo
tio

n.

Ch
art

 w
ith

 st
rea

m 
lin

es
Is 

the
 st

ud
en

t a
ble

 to
 

ex
pla

in 
the

 co
nc

ep
ts 

of 
flu

id 
mo

tio
n?

6
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GI
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RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 N
UM

BE
R 

OF
 P

ER
IO

DS

ii)
    

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s t

o 
ex

pl
ain

 co
nc

ep
ts 

of
 fl

ui
d 

mo
tio

n 
(c

om
pr

es
sib

le 
an

d 
inc

om
pre

ssi
ble

 
flu

id
s, 

str
ea

m
lin

e fl
ow

, v
isc

ou
s 

flo
w,

 tu
rb

ul
en

t fl
ow

, c
rit

ica
l 

ve
loc

ity
).

b) 
de

riv
e t

he
 la

w 
of 

ma
ss 

co
nti

nu
ity

.
i) 

St
ud

en
ts 

in
 g

ro
up

s t
o 

pe
rfo

rm
 an

 
ex

pe
rim

en
t t

o 
de

ter
m

in
e v

olu
me

 
ra

tes
 o

f i
n-

flo
w 

an
d 

ou
t-fl

ow
 o

f a
 

liq
ui

d 
in

 a 
pip

e.
ii)

 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s t
o 

de
riv

e t
he

 la
w 

of
 m

as
s c

on
tin

uit
y.

• 
W

ate
r (

liq
uid

)
• 

Pip
e

• 
Gr

ad
ua

ted
 

co
nta

ine
r (

lar
ge

 an
d 

sm
all

)
• 

sto
pw

atc
h

Is 
the

 st
ud

en
t a

ble
 

to 
de

riv
e t

he
 la

w 
of 

ma
ss 

co
nti

nu
ity

?

3.2
  B

er
no

ul
li’

s P
rin

cip
le

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
de

du
ce

 B
er

no
ul

li’
s 

pri
nc

ipl
e.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

du
ce

 
Be

rno
ull

i’s
 eq

ua
tio

n f
rom

 th
e c

on
tin

uit
y 

eq
ua

tio
n.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

 
de

du
ce

 B
ern

ou
lli’

s 
pri

nc
ipl

e?

8

b)
 

ex
pla

in 
ap

pli
ca

tio
ns

 of
 

Be
rn

ou
lli

’s 
pri

nc
ipl

e.
Stu

de
nts

 to
 de

mo
ns

tra
te 

an
d d

isc
us

s i
n

gro
up

s t
he

 ap
pli

ca
tio

ns
 of

 B
ern

ou
lli’

s 
pri

nc
ipl

e i
n j

ets
 an

d n
oz

zle
s, 

ae
rof

oil
s, 

ve
ntu

ri 
me

ter
 an

d P
ito

t tu
be

.

• 
Bu

ns
en

 bu
rne

r
• 

Fil
ter

 pu
mp

• 
Pa

int
 sp

ray
er

• 
Sa

il
• 

Ve
ntu

ri 
 m

ete
r

• 
Pit

ot 
tub

e

Is 
the

 st
ud

en
t a

ble
 to

ex
am

ine
 ap

pli
ca

tio
ns

 
of 

Be
rno

ull
i’s

 
pri

nc
ipl

e?
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ED
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S

3.3
   V

isc
os

ity
 an

d 
    

    
Tu

rbu
len

t F
low

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
ex

pl
ain

 th
e c

on
ce

pt
 of

 
vis

co
sit

y.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
t o

f v
isc

os
ity

.
ii)

 
St

ud
en

ts 
in 

gr
ou

ps
 to

 pe
rfo

rm
 

an
 ex

pe
rim

en
t t

o d
ete

rm
ine

 th
e 

co
effi

cie
nt 

of
 vi

sco
sit

y.

• 
Sm

all
 sp

he
re 

(ba
ll)

• 
Vi

sco
us

 liq
uid

• 
W

ate
r

• 
Sto

p w
atc

h

Is 
the

 st
ud

en
t a

ble
 to

:
i) 

ex
pla

in 
the

 
co

nc
ep

t o
f 

vis
co

sit
y?

ii)
 

de
ter

mi
ne

 th
e 

co
effi

cie
nt 

of 
vis

co
sit

y?

30

b) 
  d

ed
uc

e P
ois

eu
lli

’s 
for

mu
la.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

pe
rfo

rm
 an

 ex
pe

rim
en

t t
o 

de
ter

mi
ne

 flo
w 

rat
e o

f a
 li

qu
id 

as
 

a f
un

cti
on

 of
 tu

be
 le

ng
th,

 tu
be

 
rad

ius
 an

d p
res

su
re 

dif
fer

en
ce

.
ii)

 
St

ud
en

ts 
to 

us
e t

he
 m

eth
od

 of
 

dim
en

sio
na

l a
na

lys
is 

to 
de

du
ce

 
Po

ise
ull

i’s
 fo

rm
ula

.

• 
Flo

w 
tub

es
• 

Li
qu

id
• 

Gr
ad

ua
ted

 co
nta

ine
r

• 
Sto

p w
atc

h

Is 
the

 st
ud

en
t a

ble
 to

 
de

du
ce

 Po
ise

ull
i’s

 
for

mu
la?

c) 
de

riv
e S

tok
e’s

 la
w.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

gro
up

s t
o u

se
 di

me
ns

ion
al 

an
aly

sis
 to

 de
riv

e S
tok

e’s
 la

w.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

pe
rfo

rm
 an

 ex
pe

rim
en

t t
o 

de
ter

mi
ne

 th
e c

oe
ffi

cie
nt 

of
 

vis
co

sit
y o

f a
 li

qu
id 

by
 us

ing
 

St
ok

e’s
 la

w 
.

• 
Hy

dro
me

ter
• 

M
ete

r r
ule

• 
Vi

sco
us

 liq
uid

• 
Ste

el 
ba

lls
 of

 va
ryi

ng
 

dia
me

ter
s

• 
Sto

p w
atc

h
• 

M
ea

su
rin

g c
yli

nd
er

Is 
the

 st
ud

en
t a

ble
 to

de
riv

e S
tok

es 
law

 
an

d d
ete

rm
ine

 
the

 co
effi

cie
nt 

of 
vis

co
sit

y?
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d) 
ex

pla
in 

the
 va

ria
tio

n o
f 

co
effi

cie
nt 

of 
vis

co
sit

y w
ith

 
tem

pe
rat

ure
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
pe

rfo
rm

ex
pe

rim
en

t to
 de

ter
mi

ne
 co

effi
cie

nt 
of 

vis
co

sit
y o

f a
 liq

uid
 at

 va
ryi

ng
 

tem
pe

rat
ure

.

• 
Vi

sc
ou

s l
iq

ui
d

• 
M

etr
e r

ul
e

• 
St

ee
l b

all
• 

St
op

 w
atc

h
• 

M
ea

su
rin

g c
yli

nd
er

• 
He

ate
r

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 va
ria

tio
n 

of 
co

effi
cie

nt 
of 

vis
co

sit
y w

ith
 

tem
pe

rat
ure

?

e) 
De

sc
rib

e t
he

 ap
pli

ca
tio

ns
 

of 
vis

co
sit

y.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

ap
pli

ca
tio

ns
 of

 vi
sco

sit
y.

M
an

ila
 sh

ee
t

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e 
ap

pli
ca

tio
ns

 of
 

vis
co

sit
y?

4.0
  P

RO
PE

RT
IE

S 
OF

 
    

   M
AT

TE
R

4.1
   S

ur
fa

ce
 Te

ns
ion

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

de
sc

rib
e s

ur
fa

ce
 te

ns
ion

 
in 

ter
ms

 of
 th

e m
ole

cu
lar

 
the

ory
.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
su

rfa
ce

 te
ns

ion
 in

 te
rm

s 
of

 th
e m

ole
cu

lar
 th

eo
ry.

ii)
 

St
ud

en
ts 

in 
gr

ou
ps

 to
 

de
mo

ns
tra

te 
an

d e
xp

lai
n v

ari
ou

s 
ph

en
om

en
a d

ue
 to

 su
rfa

ce
 

ten
sio

n.

• 
W

ate
r

• 
M

erc
ury

• 
Be

ak
er

• 
Co

mp
ute

r s
im

ula
tio

n

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 su
rfa

ce
 

ten
sio

n i
n t

erm
s o

f 
the

 m
ole

cu
lar

 th
eo

ry?

12

b)
 

an
aly

se
 su

rfa
ce

 te
ns

io
n i

n 
ter

ms
 of

 su
rfa

ce
 en

erg
y.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ho
w 

to 
de

du
ce

 su
rfa

ce
 te

ns
ion

 in
 te

rm
s 

of 
su

rfa
ce

 en
erg

y.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 

to 
an

aly
se

 su
rfa

ce
 

ten
sio

n i
n t

erm
s o

f 
su

rfa
ce

 en
erg

y?

c) 
de

ter
mi

ne
 th

e c
oe

ffi
cie

nt 
of

 su
rfa

ce
 te

ns
ion

 of
 a 

liq
uid

.

St
ud

en
ts 

in 
gr

ou
ps

 to
 pe

rfo
rm

 
an

 ex
pe

rim
en

t t
o d

ete
rm

ine
 th

e 
co

effi
cie

nt 
of 

su
rfa

ce
 te

ns
ion

 fo
r 

va
rio

us
 liq

uid
s.

• 
Va

rio
us

 liq
uid

• 
Fu

nn
el

• 
Be

ak
er

• 
M

ea
su

rin
g c

yli
nd

er

Is 
the

 st
ud

en
t a

ble
 

to 
de

ter
mi

ne
 th

e 
co

effi
cie

nt 
of 

su
rfa

ce
 

ten
sio

n o
f a

 liq
uid

?



16

TO
PI

C/
SU

B-
TO

PI
C

SP
EC

IF
IC

 O
BJ

EC
TI

VE
S

TE
AC

HI
NG

 A
ND

 L
EA

RN
IN

G 
ST

RA
TE

GI
ES

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 N
UM

BE
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4.2
   E

las
tic

ity
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
ela

sti
cit

y i
n t

erm
s o

f 
the

 m
ole

cu
lar

 th
eo

ry.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

thr
ou

gh
thi

nk
-pa

ir 
sh

are
 m

eth
od

 to
 di

scu
ss 

the
 

co
nc

ep
t o

f e
las

tic
ity

.

Ch
art

 of
 m

ole
cu

lar
dis

loc
ati

on
 an

d s
lip

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

ela
sti

cit
y 

in 
ter

ms
 of

 th
e 

mo
lec

ula
r t

he
ory

?

26

b) 
dis

tin
gu

ish
 be

tw
ee

n b
rit

tle
 

an
d d

uc
tile

 m
ate

ria
ls 

in 
ter

ms
 of

 th
eir

 m
ole

cu
lar

 
str

uc
tur

es.

Th
rou

gh
 de

mo
ns

tra
tio

n t
he

 te
ac

he
r t

o 
gu

ide
 st

ud
en

ts 
to 

dis
tin

gu
ish

 be
tw

ee
n 

bri
ttle

 an
d d

uc
tile

 m
ate

ria
ls.

• 
Gl

ass
 ro

d
• 

Co
pp

er 
wi

re
• 

Ru
bb

er
• 

Ste
el 

rod

Is 
the

 st
ud

en
t a

ble
 to

dis
tin

gu
ish

 be
tw

ee
n 

bri
ttle

 an
d d

uc
tile

 
ma

ter
ial

s i
n t

erm
s 

of 
the

ir 
mo

lec
ula

r 
str

uc
tur

es?

c) 
dis

tin
gu

ish
 di

ffe
ren

t  m
od

uli
 

of 
ela

sti
cit

y.
i) 

Te
ac

he
r to

 gu
ide

 st
ud

en
t to

 pe
rfo

rm
 

ex
pe

rim
en

t  t
o d

ete
rm

ine
, Y

ou
ng

’s 
mo

du
lus

, b
ulk

 m
od

ulu
s a

nd
 sh

ea
r 

mo
du

lus
 of

 el
ast

ici
ty.

ii)
 

 St
ud

en
ts 

in 
gro

up
s t

o d
isc

us
s 

the
 di

ffe
ren

ce
 be

tw
ee

n m
od

uli
 of

 
ela

sti
cit

y.

• 
Ba

llo
on

• 
Ve

rni
er 

ca
lip

pe
r

• 
W

ire
s

• 
Slo

tte
d w

eig
hts

• 
M

etr
e r

ule
• 

M
icr

om
ete

r s
cre

w 
ga

ug
e

Is 
the

 st
ud

en
t a

ble
 to

 
dis

tin
gu

ish
 am

on
g t

he
 

mo
du

le 
of 

ela
sti

cit
y?

d) 
de

riv
e e

xp
res

sio
n f

or 
the

 po
ten

tia
l e

ne
rgy

 of
 a 

de
for

me
d s

oli
d b

od
y.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e 

the
 ex

pre
ssi

on
 fo

r p
ote

nti
al 

en
erg

y i
n 

ex
ten

din
g o

r c
om

pre
ssi

ng
 a 

ma
ter

ial

• 
Ve

rni
er 

ca
lip

er
• 

Slo
tte

d m
ass

es
• 

W
ire

s
• 

M
icr

om
ete

r s
cre

w 
ga

ug
e

Is 
the

 st
ud

en
t a

ble
 to

 
de

riv
e e

xp
res

sio
n f

or 
the

 po
ten

tia
l e

ne
rgy

 
of 

a d
efo

rm
ed

 so
lid

 
bo

dy
?
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e) 
de

scr
ibe

 th
e a

pp
lic

ati
on

s o
f 

ela
sti

cit
y o

f m
ate

ria
ls.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 

ap
pli

ca
tio

ns
 of

 el
ast

ici
ty.

M
an

ila
  s

he
ets

Is 
the

 st
ud

en
t 

ab
le 

to 
de

scr
ibe

 
the

 ap
pli

ca
tio

ns
 

of 
ela

sti
cit

y o
f 

ma
ter

ial
s?

4.3
  K

ine
tic

 Th
eo

ry 
of 

  
    

  G
ase

s
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
int

erp
ret

 th
e a

ssu
mp

tio
ns

 of
 

the
 K

ine
tic

 th
eo

ry 
of 

ga
ses

.

i) 
Te

ac
he

r to
 gu

ide
 st

ud
en

ts 
in 

gro
up

s 
to 

dis
cu

ss 
the

 as
su

mp
tio

ns
 of

 th
e 

Ki
ne

tic
 th

eo
ry 

of 
ga

ses
.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
sta

te 
the

 as
su

mp
tio

ns
 of

 th
e K

ine
tic

 
the

ory
 of

 ga
ses

.

• 
Ch

art
s

• 
Co

mp
ute

r s
im

ula
tio

n
Is 

the
 st

ud
en

t a
ble

 
to 

int
erp

ret
 th

e 
ass

um
pti

on
s o

f t
he

 
Ki

ne
tic

 th
eo

ry 
of 

ga
ses

?

8

b) 
ob

tai
n e

xp
res

sio
n f

or 
pre

ssu
re 

of 
a g

as.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

gro
up

s t
o

de
du

ce
 th

e p
res

su
re 

of 
a g

as 
us

ing
 th

e
Ki

ne
tic

 th
eo

ry 
of 

ga
ses

.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

ob
tai

n e
xp

res
sio

n f
or 

pre
ssu

re 
of 

a g
as?

c) 
de

du
ce

 th
e r

ms
 sp

ee
d o

f a
 

ga
s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e t

he
roo

t m
ea

n s
qu

are
 sp

ee
d (

rm
s) 

of 
a g

as.
M

an
ila

 sh
ee

ts
Is 

the
 st

ud
en

t a
ble

 to
de

du
ce

 th
e r

ms
 sp

ee
d 

of 
a g

as?

d) 
est

ab
lis

h t
he

 re
lat

ion
sh

ip 
be

tw
ee

n k
ine

tic
 en

erg
y a

nd
 

tem
pe

rat
ure

 of
 a 

ga
s.

Stu
de

nts
 in

 gr
ou

ps
 to

 de
du

ce
 th

e
rel

ati
on

sh
ip 

be
tw

ee
n K

ine
tic

 en
erg

y 
an

d t
em

pe
rat

ure
 fr

om
 th

e p
res

su
re 

of 
the

 ga
s a

nd
 th

e g
as 

eq
ua

tio
n.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

est
ab

lis
h t

he
 

rel
ati

on
sh

ip 
be

tw
ee

n 
kin

eti
c e

ne
rgy

 an
d 

tem
pe

rat
ure

 of
 a 

ga
s?
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5.0
  H

EA
T

5.1
   T

he
rm

om
ete

rs

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

ex
pl

ain
 th

e t
he

rm
om

etr
ic 

pr
op

er
tie

s o
f s

ub
sta

nc
e.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
mo

ns
tra

te 
the

 th
erm

om
etr

ic 
pr

op
ert

ies
 of

 m
ate

ria
ls.

ii)
 

St
ud

en
ts 

in 
gr

ou
ps

 to
 di

sc
us

s 
the

 th
erm

om
etr

ic 
pr

op
ert

ies
 

of
 m

ate
ria

ls 
an

d f
un

da
me

nta
l 

int
erv

al.

• 
M

erc
ury

 /a
lco

ho
l 

the
rm

om
ete

rs
• 

Pla
tin

um
 th

erm
om

ete
r

• 
Co

ns
tan

t-v
olu

me
 

the
rm

om
ete

r

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 
the

rm
om

etr
ic 

pro
pe

rti
es 

of 
su

bs
tan

ce
?

10

b)
 

de
sc

rib
e  

th
erm

od
yn

am
ic 

sca
le 

of 
tem

pe
rat

ure
.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

t 
to 

dis
cu

ss 
the

rm
od

yn
am

ic 
tem

pe
rat

ur
e, 

tri
ple

 po
int

 
of

 w
ate

r a
nd

 ab
so

lut
e z

ero
 

tem
pe

rat
ure

.
ii)

 
St

ud
en

ts 
in 

gr
ou

ps
 to

 de
du

ce
 th

e 
the

rm
od

yn
am

ic 
tem

pe
rat

ur
e.

• 
M

erc
ury

/al
co

ho
l 

the
rm

om
ete

rs
• 

Pla
tin

um
 th

erm
om

ete
r

• 
Co

ns
tan

t-v
olu

me
 

the
rm

om
ete

r

Is 
the

 st
ud

en
t 

ab
le 

to 
de

scr
ibe

 
the

rm
od

yn
am

ic 
sca

le 
of 

tem
pe

rat
ure

?

c) 
cla

ssi
fy

 ty
pe

s  
an

d u
se

s o
f 

the
rm

om
ete

rs.
i) 

St
ud

en
ts 

in 
gr

ou
ps

 to
 id

en
tif

y 
dif

fer
en

t t
yp

es
 of

 th
erm

om
ete

rs 
an

d t
he

ir 
us

es.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
on

 
ca

lib
rat

ion
 of

 th
erm

om
ete

rs.

• 
M

erc
ury

 /a
lco

ho
l 

the
rm

om
ete

rs
• 

Pla
tin

um
    

    
    

 
the

rm
om

ete
r

• 
Co

ns
tan

t-v
olu

me
 

the
rm

om
ete

r

Is 
the

 st
ud

en
t a

ble
 to

cla
ssi

fy 
typ

es 
of 

an
d u

ses
 of

 
the

rm
om

ete
rs?

5.2
  H

ea
t T

ran
sfe

r

5.2
.1 

 T
he

rm
al 

    
    

   c
on

du
cti

on

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
ex

pl
ain

 th
er

ma
l 

co
nd

uc
tio

n i
n t

er
ms

 of
 th

e 
Ki

ne
tic

 th
eo

ry
 of

 m
att

er.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ho
w 

mo
lec

ule
s t

ran
sfe

r h
ea

t e
ne

rg
y.

Su
sp

en
de

de
las

tic
 ba

lls
 

in 
a r

ow
Is 

the
 st

ud
en

t a
ble

 to
ex

pla
in 

the
rm

al 
co

nd
uc

tio
n i

n t
erm

s 
of 

the
 K

ine
tic

 th
eo

ry 
of 

ma
tte

r?

16
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b)
 

de
riv

e a
n e

xp
res

sio
n f

or
 

the
 ra

te 
of

 fl
ow

 of
 he

at 
thr

ou
gh

 a 
co

nd
uc

tor
.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 pe
rfo

rm
 an

 
ex

pe
rim

en
t t

o d
ete

rm
ine

 th
e r

ate
 

of 
flo

w 
of

 he
at.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

du
ce

 th
e h

ea
t fl

ow
 eq

ua
tio

n.

• 
La

gg
ed

 m
eta

l r
od

• 
Th

er
mo

me
ter

s
• 

So
ur

ce
 of

 he
at

• 
Ice

• 
Ve

rni
er 

ca
lip

er
• 

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
riv

e a
n e

xp
res

sio
n 

for
 th

e r
ate

 of
 flo

w 
of 

he
at 

thr
ou

gh
 a 

go
od

 
co

nd
uc

tor
?

c) 
de

sc
rib

e t
he

 ap
pli

ca
tio

ns
 

of
 th

erm
al 

co
nd

uc
tio

n i
n 

do
me

sti
c a

nd
 in

du
str

ial
 

ac
tiv

itie
s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

scr
ibe

 
the

 ap
pli

ca
tio

ns
 of

 th
erm

al 
co

nd
uc

tio
n 

in 
do

me
sti

c a
nd

 in
du

str
ial

 ac
tiv

itie
s.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e 
ap

pli
ca

tio
ns

 of
the

rm
al 

co
nd

uc
tio

n 
in 

do
me

sti
c a

nd
 

ind
us

tri
al 

ac
tiv

itie
s?

5.2
.2 

 Th
erm

al 
co

nv
ec

tio
n

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

ex
pl

ain
 th

e p
ro

ce
ss

 of
 he

at 
tra

ns
fe

r b
y c

on
ve

cti
on

.

i) 
tea

ch
er 

to 
gu

ide
 st

ud
en

ts 
to 

ex
pla

in 
the

 pr
oc

es
s o

f h
ea

t 
tra

ns
fer

 by
 co

nv
ec

tio
n.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

in 
gr

ou
ps

 th
e 

me
ch

an
ism

 of
 he

at 
tra

ns
fer

 by
 

co
nv

ec
tio

n.
iii

) 
Te

ac
he

r t
o g

ui
de

 st
ud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f n

atu
ral

 
an

d f
orc

ed
 co

nv
ec

tio
n.

• 
W

ate
r a

nd
 ai

r
• 

Co
nta

ine
r

• 
So

urc
e o

f h
ea

t
• 

Co
lou

r
• 

He
ate

d s
urf

ac
e

• 
Bl

ow
er

• 
Ho

t li
qu

ids
• 

Sto
p w

atc
h

• 
Ca

lor
im

ete
rs

• 
 So

urc
e o

f h
ea

t
• 

Th
erm

om
ete

rs
• 

Gr
ap

h p
ap

ers
• 

Sti
rre

r

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 pr
oc

ess
 

of 
he

at 
tra

ns
fer

 by
 

co
nv

ec
tio

n?
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b)
 

inv
es

tig
ate

 fa
cto

rs 
tha

t 
aff

ec
t t

he
 ra

te 
of

 co
oli

ng
.

i) 
St

ud
en

ts 
to 

pe
rfo

rm
 ex

pe
rim

en
ts 

to 
de

ter
mi

ne
 fa

cto
rs 

tha
t a

ffe
ct 

the
 ra

te 
of

 co
oli

ng
.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

du
ce

 N
ew

ton
’s 

law
 of

 co
oli

ng
.

• 
Ca

lor
im

ete
r

• 
So

urc
e  

of 
he

at
• 

Th
erm

om
ete

r
• 

Sti
rre

r
• 

Gr
ap

h  
pa

pe
r

Is 
the

 st
ud

en
t a

ble
 to

inv
est

iga
te 

fac
tor

s 
tha

t a
ffe

ct 
the

 ra
te 

of 
co

oli
ng

?

c) 
ap

ply
 th

e k
no

wl
ed

ge
 of

 
the

rm
al 

co
nv

ec
tio

n i
n 

do
me

sti
c a

nd
 in

du
str

ial
 

ac
tiv

itie
s.

St
ud

en
ts 

to 
co

nd
uc

t p
ro

jec
t t

o 
inv

es
tig

ate
 ap

pli
ca

tio
ns

 of
 th

erm
al 

co
nv

ec
tio

n.

• 
Ca

lor
im

ete
r

• 
So

ur
ce

  o
f h

ea
t

• 
Th

er
mo

me
ter

• 
St

irr
er

• 
Gr

ap
h  

pa
pe

r

Is 
the

 st
ud

en
t 

ab
le 

to 
ap

ply
 th

e 
kn

ow
led

ge
of

 th
erm

al 
co

nv
ec

tio
n i

n 
do

me
sti

c a
nd

 
ind

us
tri

al 
ac

tiv
itie

s?

5.2
.3 

  T
he

rm
al 

   
   

   
 ra

dia
tio

n
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
ex

pla
in 

the
 pr

oc
es

s o
f h

ea
t 

tra
ns

fer
 by

 ra
dia

tio
n.

i) 
St

ud
en

ts 
to 

br
ain

sto
rm

 on
 th

e 
pr

oc
es

s o
f h

ea
t t

ran
sfe

r b
y 

rad
iat

ion
. 

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 pr

oc
es

s o
f h

ea
t 

tra
ns

fer
 by

 ra
dia

tio
n.

• 
Ch

art
s

• 
Inf

rar
ed

 th
erm

om
ete

r
• 

Th
erm

os
 fla

sk
• 

em
 sp

ec
tru

m 
ch

art

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 pr
oc

es
s 

of 
he

at 
tra

ns
fer

 by
 

rad
iat

ion
?

12

b)
 

de
sc

rib
e s

pe
ctr

a  
of

 th
erm

al 
rad

iat
ion

 em
itt

ed
 by

 bl
ac

k 
bo

dy
.

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

to 
dis

cu
ssi

on
 

on
 th

e s
pe

ctr
a p

ro
du

ce
d b

y t
he

rm
al 

rad
iat

ion
.

Di
ag

ram
 of

 sp
ec

tru
m 

fo
r t

he
 bl

ac
k b

od
y 

rad
iat

ion
.

Is 
the

 st
ud

en
t 

ab
le 

to 
de

scr
ibe

 
sp

ec
tra

l o
f t

he
rm

al 
rad

iat
ion

 em
itte

d b
y 

bla
ck

bo
dy

?
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c) 
sta

te 
law

s o
f b

lac
kb

od
y 

rad
iat

ion
.

St
ud

en
ts 

in 
gr

ou
ps

 di
sc

us
s l

aw
s o

f 
bla

ck
bo

dy
 ra

dia
tio

n i
.e.

 W
ien

’s 
law

 
an

d S
tef

an
’s 

law
.

Sp
ec

tru
m 

of 
  

bl
ac

kb
od

y r
ad

iat
ion

Is 
the

 st
ud

en
t a

ble
 

to 
sta

te 
law

s o
f 

bla
ck

bo
dy

 ra
dia

tio
n?

d)
 

ap
ply

 th
e l

aw
s o

f 
bla

ck
bo

dy
 ra

dia
tio

n i
n d

ail
y 

lif
e.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 

ap
pli

ca
tio

ns
 of

 W
ien

’s 
law

s a
nd

Ste
fan

’s 
of 

bla
ck

bo
dy

 ra
dia

tio
n.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

ap
ply

 th
e l

aw
s o

f 
bla

ck
bo

dy
 ra

dia
tio

n 
in 

da
ily

 lif
e?

e) 
ex

pla
in 

Pr
ev

os
t’s

 th
eo

ry
 of

 
he

at 
ex

ch
an

ge
.

i) 
St

ud
en

ts 
to 

de
mo

ns
tra

te 
Pr

ev
os

t’s
the

or
y o

f h
ea

t e
xc

ha
ng

e.
ii)

 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s t
o 

sta
te 

Pr
ev

os
t’s

 th
eo

ry
 o

f h
ea

t 
ex

ch
an

ge
.

• 
Hi

gh
 va

cu
um

 el
ec

tri
c 

lam
p

• 
Ca

n o
f w

ate
r

• 
Th

erm
om

ete
r

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

Pr
ev

os
t’s

 
the

ory
 of

 he
at 

ex
ch

an
ge

?

5.
3 

   
Fi

rst
 la

w 
of 

    
    

  T
he

rm
od

yn
am

ics
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

ex
pl

ain
 th

er
m

od
yn

am
ic 

pro
ce

sse
s.

i) 
St

ud
en

ts 
in

 g
ro

up
s t

o 
di

sc
us

s 
the

 m
ea

nin
g o

f t
he

rm
od

yn
am

ic 
pr

oc
es

s.
ii)

 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s t
o 

di
sc

us
s i

n 
gr

ou
ps

 Is
ot

he
rm

al,
 

iso
ch

ori
c, 

iso
ba

ric
 an

d 
ad

iab
ati

c 
pro

ce
sse

s.

Ch
art

s (
gra

ph
 of

 
the

rm
od

yn
am

ic 
pro

ce
ss)

Is 
th

e s
tu

de
nt

 
ab

le 
to

 e
xp

la
in

 
th

er
m

od
yn

am
-

ic
 p

ro
ce

ss
es

?

18

b)
 

id
en

tif
y s

pe
cifi

c h
ea

t 
ca

pa
cit

y o
f g

as
es

.
i) 

Th
ro

ug
h 

lib
ra

ry
 an

d 
in

ter
ne

t 
se

ar
ch

 st
ud

en
ts 

to
 d

ist
in

gu
ish

 
be

tw
ee

n 
 C

v a
nd

 C
p.

ii)
 

St
ud

en
ts 

to
 sh

ow
 th

e r
ela

tio
n 

be
tw

ee
n 

sp
ec

ifi
c h

ea
t 

ca
pa

cit
ies

 an
d t

he
 ga

s c
on

sta
nt

 
R.

Int
ern

et
Is 

th
e s

tu
de

nt
 ab

le 
to 

id
en

tif
y 

sp
ec

ifi
c 

he
at 

ca
pa

cit
y 

of
 

ga
ses

?
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ED
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c)
  d

er
iv

e e
xp

re
ss

io
ns

 fo
r 

th
e 

wo
rk

 d
on

e d
ur

in
g 

th
er

m
od

yn
am

ic 
pr

oc
es

se
s.

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s t

o 
de

riv
e 

ex
pr

es
sio

ns
 fo

r t
he

 w
or

k 
do

ne
 

du
rin

g 
th

er
m

od
yn

am
ic 

pro
ce

sse
s.

• 
Ch

art
s (

gra
ph

s)
• 

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

 
de

riv
e e

xp
res

sio
ns

 
for

 th
e w

ork
 do

ne
 

du
rin

g t
he

rm
od

yn
am

ic 
pro

ce
sse

s?
d)

  e
sta

bl
ish

 th
e 

Fi
rst

 la
w 

of
 

th
er

m
od

yn
am

ic
.

i) 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s t
o 

di
sc

us
s p

ar
tit

io
ni

ng
 o

f h
ea

t 
su

pp
lie

d 
to

 a 
sy

ste
m.

ii)
 

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s 

to 
es

tab
lis

h 
th

e F
irs

t l
aw

 of
 

the
rm

od
yn

am
ics

.

• 
Cy

lin
de

r
• 

Pis
ton

• 
M

an
ila

 sh
ee

ts

Is 
th

e s
tu

de
nt

 
ab

le 
to 

es
tab

lis
h 

fir
st 

law
 of

 
the

rm
od

yn
am

ic?

e) 
ide

nti
fy

 ap
pli

ca
tio

ns
 

of
 th

e F
irs

t l
aw

 of
 

the
rm

od
yn

am
ics

.

Te
ac

he
r t

o g
ui

de
 st

ud
en

ts 
to

 co
nd

uc
t 

pr
oje

ct 
to 

ide
nti

fy
 ap

pli
ca

tio
ns

 of
 

the
 F

irs
t l

aw
 of

 th
erm

od
yn

am
ics

.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

 
de

ve
lop

 ap
pli

ca
tio

ns
 

of 
the

 Fi
rst

 la
w 

of 
the

rm
od

yn
am

ics
?

6.0
   V

IB
RA

TI
ON

S A
ND

  
    

    
 W

AV
ES

6.1
   M

ec
ha

nic
al 

    
    

Vi
bra

tio
ns

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
di

sti
ng

ui
sh

 be
tw

ee
n f

re
e 

an
d f

or
ce

d v
ibr

ati
on

s.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 
de

mo
ns

tra
te 

fre
e a

nd
 fo

rce
d 

vib
rat

ion
s.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

tin
gu

ish
 be

tw
ee

n f
ree

 an
d 

fo
rc

ed
 vi

bra
tio

ns
.

• 
W

ate
r

• 
He

lic
al 

sp
rin

g
• 

Co
up

led
 pe

nd
ulu

m
• 

Sim
ple

 pe
nd

ulu
m

Is 
the

 st
ud

en
t a

ble
 to

 
dis

tin
gu

ish
 be

tw
ee

n 
fre

e a
nd

 fo
rce

d 
vib

rat
ion

s?

6

b)
 

dis
tin

gu
ish

 be
tw

ee
n 

un
de

r- 
da

mp
ed

, c
rit

ica
lly

-
da

mp
ed

, a
nd

 ov
er-

da
mp

ed
 

vib
ra

tio
ns

.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
mo

ns
tra

te 
the

 co
nc

ep
t o

f 
da

mp
ing

.

• 
Lo

ad
ed

 he
lic

al 
sp

rin
g

• 
Li

qu
ids

 of
 va

ryi
ng

 
vis

co
sit

y

Is 
the

 st
ud

en
t a

ble
 

to 
dis

tin
gu

ish
 am

on
g 

un
de

r-d
am

pe
d, 

cri
tic

all
y-

da
mp

ed
, 

an
d o

ve
r-d

am
pe

d
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ii)
 

St
ud

en
ts 

in 
gr

ou
ps

 to
 

de
mo

ns
tra

te 
the

 th
ree

 ty
pe

s 
of

 da
mp

ing
 an

d s
ke

tch
 

dis
pla

ce
me

nt 
ve

rsu
s t

im
e g

rap
hs

.
iii

) 
St

ud
en

ts 
to 

dis
cu

ss 
ap

pli
ca

tio
ns

 
of

 da
mp

ing
 (e

.g.
 in

 ca
rs 

an
d 

ele
ctr

ica
l m

ete
rs)

 .

vib
rat

ion
s?

c) 
de

riv
e t

he
 ve

loc
ity

 of
 

vib
rat

ion
.

St
ud

en
ts 

in 
gr

ou
ps

 to
 us

e 
dim

en
sio

na
l a

na
lys

is 
to 

de
riv

e t
he

 
ex

pr
es

sio
n f

or 
ve

loc
ity

 of
 vi

bra
tio

n.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

 
de

riv
e t

he
 ve

loc
ity

 
of 

vib
rat

ion
?

6.2
    

W
av

e M
oti

on
Th

e s
tud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
dis

tin
gu

ish
 be

tw
ee

n 
pro

gre
ssi

ve
 an

d s
tat

ion
ary

 
wa

ve
s.

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 de

mo
ns

tra
te 

pro
gre

ssi
ve

 an
d s

tat
ion

ary
 w

av
es

ii)
 

Te
ac

he
rs 

to 
gu

ide
 st

ud
en

ts 
to 

dis
tin

gu
ish

 be
tw

ee
n p

rog
res

siv
e 

an
d s

tat
ion

ary
 w

av
es.

• 
Str

ing
• 

Sli
nk

y s
pri

ng
Is 

the
 st

ud
en

t a
ble

 to
dis

tin
gu

ish
 be

tw
ee

n 
pro

gre
ssi

ve
 an

d 
sta

tio
na

ry 
wa

ve
s?

12

b) 
  d

eri
ve

 ex
pre

ssi
on

 fo
r

pro
gre

ssi
ve

 an
d 

sta
tio

na
ry 

wa
ve

 m
oti

on
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e

ex
pre

ssi
on

s f
or 

dis
pla

ce
me

nt 
an

d v
elo

cit
y o

f w
av

es 
mo

tio
n.

M
an

ila
 sh

ee
t

Is 
the

 st
ud

en
t a

ble
 to

ex
pre

ssi
on

 fo
r 

pro
gre

ssi
ve

 an
d 

sta
tio

na
ry 

wa
ve

 
mo

tio
n?

c) 
   d

ed
uc

e t
he

 pr
inc

ipl
e o

f
su

pe
rpo

sit
ion

 of
 w

av
es.

i)
 

 S
tud

en
ts 

in 
gro

up
s t

o d
em

on
str

ate
 

su
pe

rpo
sit

ion
 of

 w
av

es.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

sta
te 

the
 pr

inc
ipl

e o
f s

up
erp

os
itio

n o
f 

wa
ve

s.

• 
Ri

pp
le 

 ta
nk

• 
Sli

nk
 sp

rin
g

• 
Str

ing

Is 
the

 st
ud

en
t a

ble
 to

de
du

ce
 th

e p
rin

cip
le 

of 
su

pe
rpo

sit
ion

 of
 

wa
ve

s?
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6.3
   S

ou
nd

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

riv
e t

he
 ve

loc
ity

 of
 so

un
d 

in 
ma

ter
ial

s.

Th
e t

ea
ch

er 
to 

gu
ide

 st
ud

en
ts 

to 
de

riv
e 

ve
loc

ity
 of

 so
un

d i
n s

oli
ds

, li
qu

ids
 an

d 
ga

ses
.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
riv

e t
he

 ve
loc

ity
 of

 
so

un
d i

n m
ate

ria
ls?

16

b) 
de

ter
mi

ne
 th

e v
elo

cit
y o

f 
so

un
d i

n a
ir.

i) 
    

 St
ud

en
ts 

to 
pe

rfo
rm

 an
 ex

pe
rim

en
t

    
    

to 
me

asu
re 

the
 ve

loc
ity

 of
 so

un
d 

in 
air

.

• 
Tu

rni
ng

 fo
rk

• 
Gl

ass
 tu

be
• 

W
ate

r
• 

Gl
ass

 ja
r

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 th
e 

ve
loc

ity
 of

 so
un

d i
n 

air
?

c) 
de

scr
ibe

 th
e a

pp
lic

ati
on

s o
f 

me
ch

an
ica

l v
ibr

ati
on

s a
nd

 
wa

ve
s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

scr
ibe

 
the

 ap
pli

ca
tio

ns
 of

 m
ec

ha
nic

al 
vib

rat
ion

s a
nd

 w
av

es.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e 
ap

pli
ca

tio
ns

 of
 

me
ch

an
ica

l v
ibr

ati
on

s 
an

d w
av

es?

6.4
   E

lec
tro

ma
gn

eti
c

    
    

W
av

es 
(em

-w
av

es)
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
na

tur
e o

f e
m 

wa
ve

s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 m

ag
ne

tic
 an

d e
lec

tri
c v

ec
tor

s o
f e

m 
wa

ve
s.

• 
Co

mp
ute

r s
im

ula
tio

n
• 

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

na
tur

e o
f e

m 
wa

ve
s?

6

b) 
de

scr
ibe

 pr
op

ag
ati

on
 of

 em
 

wa
ve

s.
Stu

de
nts

 to
 di

scu
ss 

the
 pr

op
ag

ati
on

 
of 

em
 w

av
es 

in 
ter

ms
 of

 os
cil

lat
ing

 
ele

ctr
ic 

an
d m

ag
ne

tic
 ve

cto
r.

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 pr
op

ag
ati

on
 

of 
em

 w
av

es?

6.5
    

Ph
ys

ica
l O

pti
cs

6.5
.1 

 In
ter

fer
en

ce
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
ne

ce
ssa

ry 
co

nd
itio

ns
 

for
 in

ter
fer

en
ce

 of
 lig

ht.

i) 
Te

ac
he

r to
 gu

ide
 st

ud
en

ts 
in 

gro
up

s 
to 

de
mo

ns
tra

te 
int

erf
ere

nc
e o

f tw
o 

lig
ht 

be
am

s.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

sta
te 

co
nd

itio
ns

 fo
r i

nte
rfe

ren
ce

 of
 lig

ht.

• 
M

on
oc

hro
ma

tic
 lig

ht 
so

urc
e

• 
Sc

ree
n

• 
Do

ub
le 

sli
t

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

ne
ce

ssa
ry 

co
nd

itio
ns

 fo
r 

int
erf

ere
nc

e o
f l

igh
t?
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S
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TI
M

AT
ED

 N
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BE
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OF PE
RI

OD
S

b) 
de

ter
mi

ne
 w

av
ele

ng
th 

of 
am

on
oc

hro
ma

tic
 lig

ht 
by

 
int

erf
ere

nc
e m

eth
od

.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
pe

rfo
rm

ex
pe

rim
en

t to
 de

ter
mi

ne
 th

e w
av

ele
ng

th 
of 

mo
no

ch
rom

ati
c l

igh
t u

sin
g t

he
 

Yo
un

g’s
  d

ou
ble

 sl
it a

nd
 th

e
Ne

wt
on

’s 
rin

gs
 m

eth
od

s.

• 
W

hit
e l

igh
t

• 
Co

nv
ex

 le
ns

• 
Fla

t g
las

s p
lat

e
• 

Tr
av

eli
ng

 m
icr

os
co

pe

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 w
av

ele
ng

th 
of 

a
mo

no
ch

rom
ati

c 
lig

ht 
by

 in
ter

fer
en

ce
 

me
tho

d?

c) 
inv

est
iga

te 
pro

du
cti

on
 of

 
int

erf
ere

nc
e b

y t
hin

 fil
ms

.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
mo

ns
tra

te 
pro

du
cti

on
 of

 in
ter

fer
en

ce
 

by
 th

in 
tra

ns
pa

ren
t fi

lm
s.

• 
So

ap
 fil

m
• 

Oi
l fi

lm
Is 

the
 st

ud
en

t a
ble

 
to 

inv
est

iga
te 

pro
du

cti
on

 of
 

int
erf

ere
nc

e b
y t

hin
 

film
s?

d) 
ide

nti
fy 

ap
pli

ca
tio

ns
 of

 
int

erf
ere

nc
e o

f l
igh

t. 
Stu

de
nts

 in
 gr

ou
ps

 to
 di

scu
ss 

 
ap

pli
ca

tio
ns

 of
 in

ter
fer

en
ce

 of
 lig

ht 
in 

len
gth

 m
ea

su
rem

en
t, w

av
ele

ng
th 

me
asu

rem
en

t a
nd

 te
sti

ng
 of

 op
tic

al 
su

rfa
ce

s.

M
an

ila
 sh

ee
ts 

Is 
the

 st
ud

en
t a

ble
 to

 
ide

nti
fy 

ap
pli

ca
tio

ns
 

of 
int

erf
ere

nc
e o

f 
lig

ht?

6.5
.2 

  D
iff

rac
tio

n
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

 ex
pla

in 
ne

ce
ssa

ry 
co

nd
itio

ns
 fo

r d
iff

rac
tio

n o
f 

lig
ht 

to 
oc

cu
r.

i) 
Te

ac
he

r to
 gu

ide
 st

ud
en

t in
 gr

ou
ps

 
to 

de
mo

ns
tra

te 
dif

fra
cti

on
 of

 a 
be

am
 of

 lig
ht.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
giv

e 
the

 m
ea

nin
g a

nd
 co

nd
itio

ns
 fo

r 
dif

fra
cti

on
.

iii)
 

Stu
de

nts
 to

 de
riv

e e
xp

res
sio

n 
for

 w
av

ele
ng

th 
for

 Fr
au

nh
ofe

r 
dif

fra
cti

on
 by

 si
ng

le 
sli

t.

• 
So

urc
e o

f l
igh

t
• 

Sin
gle

 sl
it

• 
Sc

ree
n

• 
La

rge
 ap

ert
ure

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

ne
ce

ssa
ry 

co
nd

itio
ns

 fo
r 

dif
fra

cti
on

 of
 lig

ht 
to 

oc
cu

r?
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RI
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b) 
ex

pla
in 

pri
nc

ipl
e o

f t
he

 
dif

fra
cti

on
 gr

ati
ng

.
i) 

Te
ac

he
r to

 gu
ide

 st
ud

en
ts 

in 
gro

up
s 

to 
ex

pla
in 

the
 pr

inc
ipl

e o
f th

e 
dif

fra
cti

on
 gr

ati
ng

.
ii)

 
Stu

de
nts

 to
 de

du
ce

 th
e g

rat
ing

 
eq

ua
tio

n.

• 
Di

ffr
ac

tio
n g

rat
ing

• 
So

urc
e o

f l
igh

t
• 

Sc
ree

n

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

pri
nc

ipl
e 

of 
the

 di
ffr

ac
tio

n 
gra

tin
g?

c) 
de

ter
mi

ne
 th

e w
av

ele
ng

th 
of 

mo
no

ch
ro

ma
tic

 li
gh

t b
y 

dif
fra

cti
on

 m
eth

od
.

St
ud

en
t t

o p
erf

or
m 

ex
pe

rim
en

t t
o

de
ter

mi
ne

 th
e w

av
ele

ng
th 

of 
mo

no
ch

ro
ma

tic
 li

gh
t u

sin
g a

 
dif

fra
cti

on
 gr

ati
ng

.

• 
Di

ffr
ac

tio
n g

rat
ing

• 
So

urc
e o

f l
igh

t
• 

Sc
ree

n

Is 
the

 st
ud

en
t a

ble
 

to 
de

ter
mi

ne
 th

e 
wa

ve
len

gth
 of

 
mo

no
ch

rom
ati

c 
lig

ht 
by

 di
ffr

ac
tio

n 
me

tho
d?

d)
 

ide
nti

fy
 ap

pli
ca

tio
ns

 of
 

dif
fra

cti
on

 of
 li

gh
t.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
gro

up
s t

o
dis

cu
ss 

ap
pli

ca
tio

ns
 of

 di
ffr

ac
tio

n o
f 

lig
ht.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

 
ide

nti
fy 

ap
pli

ca
tio

ns
 

of 
dif

fra
cti

on
 of

 lig
ht?

6.5
.3 

  P
ola

riz
ati

on
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
ex

pl
ain

 th
e c

on
ce

pt
 of

 
po

lar
iza

tio
n 

of
 lig

ht.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 de
mo

ns
tra

te 
po

lar
iza

tio
n.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
giv

e t
he

 m
ea

nin
g o

f p
ola

riz
ati

on
.

• 
Str

ing
• 

Sli
t

• 
Po

lar
oid

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t 
of

 po
lar

iza
tio

n o
f 

lig
ht?

10

b)
 

de
sc

rib
e m

eth
od

s f
or 

pr
od

uc
ing

 pl
an

e p
ola

riz
ed

 
lig

ht.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to
de

mo
ns

tra
te 

pro
du

cti
on

 of
 pl

an
e 

po
lar

ize
d l

igh
t b

y p
ola

roi
d, 

refl
ec

tio
n, 

do
ub

le 
ref

rac
tio

n a
nd

 by
 sc

att
eri

ng
.

• 
Li

gh
t s

ou
rce

• 
Po

lar
oid

• 
Gl

ass
 bl

oc
k

• 
Ni

co
l p

ris
m

• 
Sc

att
eri

ng
    

    
  

me
diu

m

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 m
eth

od
s 

for
 pr

od
uc

ing
 pl

an
e 

po
lar

ize
d l

igh
t?
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c) 
de

du
ce

 B
rew

ste
r’s

 la
w.

Stu
de

nts
 in

 gr
ou

ps
 to

 de
riv

e B
rew

ste
r’s

law
.

Is 
the

 st
ud

en
t a

ble
 to

 
de

du
ce

 B
rew

ste
r’s

 
law

?
d)

 
ex

am
ine

 op
tic

al 
ac

tiv
ity

 of
 

so
lut

ion
s.

St
ud

en
ts 

to 
de

mo
ns

tra
te 

op
tic

al 
ac

tiv
ity

 of
 a 

so
lut

ion
.

    
Sa

cc
ha

rim
ete

r 
ap

pa
ra

tu
s

Is 
the

 st
ud

en
t a

ble
 to

ex
am

ine
 op

tic
al 

ac
tiv

ity
 of

 
so

lut
io

ns
?

6.6
   D

op
ple

r E
ffe

ct
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
Do

pp
ler

 ef
fec

t  
wi

th
 so

un
d.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 
de

mo
ns

tra
te 

the
 D

op
ple

r e
ffe

ct 
wi

th 
so

un
d.

ii)
 

Te
ac

he
r t

o g
ui

de
 st

ud
en

t t
o 

de
riv

e t
he

 ap
pa

ren
t f

req
ue

nc
y 

for
 ap

pr
oa

ch
ing

, r
ec

ed
ing

 an
d 

sta
tio

na
ry

 ob
ser

ve
r.

• 
So

urc
e o

f s
ou

nd
• 

M
icr

op
ho

ne
• 

Ob
ser

ve
r

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
Do

pp
ler

 
eff

ec
t w

ith
 so

un
d?

10

b)
 

ex
pla

in 
Do

pp
ler

 ef
fec

t 
wi

th 
lig

ht.
i) 

St
ud

en
ts 

in 
gr

ou
ps

 to
 ex

am
ine

 
Do

pp
ler

 ef
fec

t w
ith

 li
gh

t.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e a
pp

are
nt 

sp
ee

d f
or

 
ap

pro
ac

hin
g, 

rec
ed

ing
 an

d 
sta

tio
na

ry
 so

urc
e.

• 
Co

mp
ute

r s
im

ula
tio

n
• 

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
Do

pp
ler

 
eff

ec
t w

ith
 li

gh
t?

c) 
    

de
scr

ibe
 th

e a
pp

lic
ati

on
s o

f 
the

 D
op

ple
r e

ffe
ct.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
bra

ins
tor

m
an

d d
isc

us
s t

he
 ap

pli
ca

tio
ns

 of
 th

e 
Do

pp
ler

 ef
fec

t w
ith

 so
un

d a
nd

 w
ith

 
lig

ht 
in 

da
ily

 lif
e.

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e 
ap

pli
ca

tio
ns

 of
 th

e 
Do

pp
ler

 ef
fec

t?
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7.0
   E

LE
CT

RO
ST

AT
IC

S

7.1
   T

he
 E

lec
tri

c F
iel

d

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
de

sc
rib

e t
he

 C
ou

lom
b’

s 
law

.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 br
ain

sto
rm

 
on

 th
e f

or
ce

 be
tw

ee
n t

wo
 

ch
arg

ed
 bo

die
s.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
fo

rm
ula

te 
Co

ulo
mb

’s 
law

.

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 

to 
de

sc
rib

e t
he

 
co

ulo
mb

’s 
law

?

6

b)
 

de
sc

rib
e t

he
 el

ec
tri

c fi
eld

 
of 

a p
oin

t c
ha

rge
.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 br
ain

sto
rm

 
on

 th
e c

on
ce

pt 
of

 el
ec

tri
c fi

eld
 

an
d l

ine
r o

f f
orc

e.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
du

ce
 th

e r
ela

tio
ns

hip
 be

tw
ee

n 
ele

ctr
ic 

fo
rce

s, 
am

ou
nt 

of
 ch

arg
e 

an
d e

lec
tri

c fi
eld

 in
ten

sit
y.

Ch
art

s w
ith

 di
ag

ram
s o

f 
ele

ctr
ic 

fie
lds

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e e
lec

tri
c 

fie
ld 

of 
a p

oin
t 

ch
arg

e?

c) 
de

riv
e e

lec
tri

c fi
eld

 
int

en
sit

y f
or

 si
mp

le 
sy

mm
etr

ica
l c

ha
rge

 
dis

tri
bu

tio
n.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
co

mp
ute

 
ele

ctr
ic 

fie
ld 

int
en

sit
y f

or 
sim

ple
 

sy
mm

etr
ica

l c
ha

rge
 di

str
ibu

tio
ns

.

• 
Po

int
 ch

arg
e

• 
Ch

arg
ed

 sp
he

re
• 

Pla
ne

 co
nd

uc
tor

• 
Li

ne
 ch

arg
e

Is 
the

 st
ud

en
t a

ble
 

to 
de

riv
e e

lec
tri

c 
fie

ld 
int

en
sit

y f
or

 
sim

ple
 sy

mm
etr

ica
l 

ch
arg

e d
ist

rib
uti

on
?

7.2
   E

lec
tri

c P
ote

nti
al

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
ex

pl
ain

 th
e c

on
ce

pt
 of

 
ele

ctr
ic 

po
ten

tia
l.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 di
sc

us
s t

he
 

co
nc

ep
t o

f e
lec

tri
c p

ote
nti

al.
 

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e e

xp
res

sio
n f

or
 el

ec
tri

c 
po

ten
tia

l a
t a

 po
int

.
iii

) 
St

ud
en

ts 
to 

de
du

ce
 re

lat
ion

sh
ip 

be
tw

ee
n e

lec
tri

c p
ote

nti
al 

an
d 

ele
ctr

ic 
fie

ld 
int

en
sit

y.

• 
Di

ag
ram

s o
f p

oin
t 

ch
arg

e a
nd

 pl
an

e 
Co

nd
uc

tor
• 

M
an

ila
 sh

ee
ts

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 co
nc

ep
t o

f 
ele

ctr
ic 

po
ten

tia
l?
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b)
 

de
riv

e e
lec

tri
c p

ote
nti

al 
du

e t
o a

 ch
arg

e 
dis

tri
bu

tio
n.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

co
mp

ute
 el

ec
tri

c p
ote

nti
al 

du
e 

to 
sim

ple
 sy

mm
etr

ic 
ch

arg
e 

dis
tri

bu
tio

ns
.

• 
Ch

arg
ed

 sp
he

re
• 

Po
int

 ch
arg

e
• 

Pla
ne

 co
nd

uc
tor

• 
Li

ne
 ch

arg
e

Is 
the

 st
ud

en
t a

ble
 to

de
riv

e e
lec

tri
c 

po
ten

tia
l d

ue
 to

 a 
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FORM VI

Class Competences
By the end of Form Six, the student should have the ability to:

1. Apply theories, laws and principles of electromagnetism, current electricity, electronics, 
atomic physics and environmental physics in daily life.

2. Apply laboratory skills in solving daily life problems.
3. Use sustainable energy conversion systems for environmental conservation.
4. Use ICT tools in accessing information, simulating and modelling physical 

phenomena.         
 

Class Objectives
By the end of Form Six, the student should be able to:

a) explain theories, laws and principles of electromagnetism, current electricity, electronics, 
atomic physics and environmental physics.

b) design and perform experiments in electromagnetism, current electricity, electronics, 
atomic physics and environmental physics.

c) acquire skills in designing sustainable energy conversion systems.

d) understand computer aided programs in learning Physics.
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sh

ou
ld 

be
 ab

le 
to:

a)
 

Ex
pl

ain
 th

e c
on

ce
pt

 of
 

flu
x l

ink
ag

e.

i) 
St

ud
en

ts 
to 

de
mo

ns
tra

te 
ele

ctr
om

ag
ne

tic
 in

du
cti

on
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
du

ce
 

ex
pre

ssi
on

 fo
r fl

ux
 lin

ka
ge

.

• 
Ga

lva
no

me
ter

• 
M

ag
ne

t
• 

Co
il

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pl
ain

 th
e c

on
ce

pt
 of

 
flu

x l
ink

ag
e?

20

b)
 

inv
es

tig
ate

 fa
cto

rs 
wh

ich
 

de
ter

mi
ne

 th
e i

nd
uc

ed
  

em
f.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 pe
rfo

rm
 

ex
pe

rim
en

t t
o d

ete
rm

ine
 th

e f
ac

to
rs 

wh
ich

 af
fec

t m
ag

nit
ud

e o
f i

nd
uc

ed
 

em
f.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
sta

te 
Le

nz
’s 

an
d F

ara
da

y’s
 la

ws
 of

 
ele

ctr
om

ag
ne

tic
 in

du
cti

on
.

iii
) 

Te
ac

he
r t

o a
rra

ng
e fi

eld
 tr

ip 
to 

vis
it 

a p
ow

er 
ge

ne
rat

ing
 pl

an
t.

• 
Ga

lva
no

me
ter

• 
M

ag
ne

tic
• 

Se
t o

f s
ole

no
ids

Is 
the

 st
ud

en
t a

ble
 to

in
ve

sti
ga

te 
fac

tor
s w

hi
ch

 
de

ter
mi

ne
 th

e i
nd

uc
ed

  
em

f?
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NU

M
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c)
 

Di
sti

ng
ui

sh
 be

tw
ee

n 
sel

f-i
nd

uc
tio

n a
nd

 m
ut

ua
l 

ind
uc

tio
n.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
 to

 
de

mo
ns

tra
te 

se
lf-

ind
uc

tio
n 

an
d 

mu
tua

l-i
nd

uc
tio

n.
ii)

 
St

ud
en

ts 
to 

de
riv

e e
xp

res
sio

ns
 

for
 se

lf-
in

du
cti

on
 an

d m
ut

ua
l 

in
du

cti
on

.
iii

) 
St

ud
en

ts 
to 

dis
cu

ss 
im

po
rta

nc
e 

an
d a

pp
lic

ati
on

s o
f b

ac
k-

em
f i

n 
pr

ac
tic

e.

• 
Ga

lva
no

me
ter

• 
Ba

tte
ry

• 
La

mp
• 

Sw
itc

h
• 

Rh
eo

sta
t

Is 
the

 st
ud

en
t a

ble
 to

Di
sti

ng
uis

h b
etw

ee
n s

elf
 

ind
uc

tio
n a

nd
 m

utu
al 

ind
uc

tio
n?

d)
 

de
ter

mi
ne

 th
e e

ne
rg

y 
sto

red
 in

 an
 in

du
cto

r.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e 
an

 ex
pr

es
sio

n 
fo

r e
ne

rg
y s

tor
ed

 in
 an

 
ind

uc
tor

.

Is 
the

 st
ud

en
t a

ble
 to

 
de

ter
mi

ne
 th

e e
ne

rgy
 

sto
red

 in
 an

 in
du

cto
r?

1.5
  M

ag
ne

tic
 F

iel
d o

f  
   

   
 th

e E
art

h
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
ex

pl
ain

 th
e o

rig
in 

of
 th

e 
Ea

rth
’s 

ma
gn

eti
c fi

eld
.

i) 
St

ud
en

ts 
to 

br
ain

sto
rm

 an
d 

dis
cu

ss 
in 

gr
ou

ps
  a

bo
ut 

the
 

or
igi

n o
f t

he
 ea

rth
’s 

ma
gn

eti
c 

fie
ld.

ii)
 

Te
ac

he
r t

o g
uid

e s
tu

de
nt

s t
o 

us
e t

he
 se

lf-
dy

na
mo

 th
eo

ry
 to

 
ex

pla
in 

the
 or

igi
n o

f t
he

 ea
rth

’s 
ma

gn
eti

c fi
eld

.

• 
Co

mp
ass

• 
Ba

r m
ag

ne
t

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pl
ain

 th
e o

rig
in

 of
 

the
 E

art
h’s

 m
ag

ne
tic

 
fie

ld?

14

b)
 

de
sc

rib
e s

tru
ctu

re 
of

 
Ea

rth
’s 

ma
gn

eti
c fi

eld
.

St
ud

en
ts 

in 
gr

ou
ps

 to
 di

sc
us

s t
he

 
str

uc
tur

e o
f t

he
 ea

rth
’s 

ma
gn

eti
c 

fie
ld 

an
d c

om
pa

re 
wi

th 
fie

ld 
on

 a 
ba

r 
ma

gn
et.

• 
Ch

art
s

• 
Co

mp
ute

r 
sim

ula
tio

n

Is 
the

 st
ud

en
t a

ble
 to

 
de

sc
rib

e s
tru

ctu
re 

of 
Ea

rth
’s 

ma
gn

eti
c fi

eld
?
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M
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TI
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M
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R 
O

F 
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DS

c) 
ex

pla
in 

va
ria

tio
ns

 of
 

Ea
rth

’s 
ma

gn
eti

c fi
eld

.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 th
re

e v
ar

iat
io

ns
; s

ec
ul

ar
 va

ria
tio

n, 
po

lar
 w

on
de

rin
g a

nd
 m

ag
ne

tic
 fi

eld
 

rev
er

sa
l.

• 
Ch

art
s

• 
Gl

ob
al

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

va
ria

tio
ns

 of
 

Ea
rth

’s 
ma

gn
eti

c fi
eld

?

d)
 

an
aly

se
 co

mp
on

en
ts 

of
 

th
e E

ar
th

’s 
ma

gn
eti

c fi
eld

.
i) 

St
ud

en
ts 

in 
gr

ou
ps

 to
 pe

rfo
rm

 
ex

pe
rim

en
t t

o d
ete

rm
in

e t
he

 
co

mp
on

en
ts 

of
 th

e e
art

h’s
 

ma
gn

eti
c fi

eld
.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
an

aly
se 

the
 co

mp
on

en
ts 

of
 th

e 
ea

rth
’s 

ma
gn

eti
c fi

eld
.

• 
Di

p n
ee

dle
• 

Co
mp

ass
Is 

the
 st

ud
en

t a
ble

 to
 

an
aly

se
 co

mp
on

en
ts 

of
 th

e E
art

h’s
 m

ag
ne

tic
 

fie
ld?

2.0
   C

UR
RE

NT
    

  
    

    
EL

EC
TR

IC
IT

Y

2.1
   

El
ec

tri
c  

Co
nd

uc
tio

n i
n 

M
eta

ls

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
de

sc
rib

e t
he

 m
ec

ha
ni

sm
 

of 
ele

ctr
ic 

co
nd

uc
tio

n 
in 

me
tal

s.

i) 
St

ud
en

ts 
to

 di
sc

us
s m

ec
ha

ni
sm

 of
 

ele
ctr

ic 
co

nd
uc

tio
n 

in 
me

tal
s

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e 

ex
pr

es
sio

n 
fo

r c
ur

ren
t i

n m
eta

llic
 

co
nd

uc
tor

.

• 
Ch

art
• 

Co
mp

ute
r 

sim
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e m

ec
ha

nis
m 

of 
ele

ctr
ic 

co
nd

uc
tio

n i
n 

me
tal

s?

26

b)
 

de
ter

mi
ne

 th
e r

es
ist

iv
ity

 
of 

a c
on

du
cto

r.
i) 

St
ud

en
ts 

to 
pe

rfo
rm

 ex
pe

rim
en

ts 
to 

de
ter

mi
ne

 re
sis

tiv
ity

 of
 a 

wi
re

 
by

 us
ing

 W
he

ats
ton

e B
rid

ge
 an

d 
M

ete
r B

rid
ge

.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

co
mp

ut
e r

es
ist

ivi
ty 

of
 a 

giv
en

 
co

nd
uc

tor
.

• 
Co

nn
ec

tin
g w

ire
s

• 
Gr

ap
h p

ap
er

• 
Tu

ng
ste

n w
ire

• 
M

an
ga

nin
 w

ire
• 

Re
sis

tor
s

• 
Ga

lva
no

me
ter

• 
Ba

tte
ry

Is 
the

 st
ud

en
t a

ble
 to

 
de

ter
mi

ne
 th

e r
esi

sti
ve

ly 
of 

a c
on

du
ct?
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c)

 
in

ve
sti

ga
te 

th
e 

tem
pe

ra
tu

re
 co

effi
cie

nt 
of 

res
ist

an
ce

.

i) 
St

ud
en

ts 
to 

pe
rfo

rm
 

ex
pe

rim
en

t t
o d

ete
rm

ine
 

tem
pe

rat
ur

e c
oe

ffi
cie

nt 
of 

res
ist

an
ce

.
ii)

 
Te

ac
he

r t
o g

ui
de

 st
ud

en
ts 

to
 

es
tab

lis
h r

ela
tio

ns
hip

 b
etw

ee
n 

tem
pe

rat
ure

 co
ef

fic
ien

t o
f 

re
sis

tan
ce

 of
 th

e c
on

du
cto

r 
an

d t
em

pe
rat

ure
.

• 
W

he
at 

sto
ne

 br
idg

e o
r 

M
ete

r B
rid

ge
• 

Ba
tte

ry
• 

So
urc

e o
f h

ea
t

• 
Be

ak
er

• 
W

ate
r

• 
Th

erm
om

ete
r

• 
Co

nn
ec

tin
g w

ire
s

• 
Sa

mp
le 

fin
e w

ire
• 

Ga
lva

no
me

ter

Is 
the

 st
ud

en
t a

ble
 

to 
inv

est
iga

te 
the

 te
mp

era
tur

e 
co

effi
cie

nt 
of 

res
ist

an
ce

?

d) 
  a

na
lys

e e
lec

tri
ca

l n
etw

ork
s.

i) 
 S

tud
en

ts 
to 

pe
rfo

rm
 ex

pe
rim

en
t 

to 
de

ter
mi

ne
 cu

rre
nt 

at 
a j

un
cti

on
 

of 
ele

ctr
ica

l n
etw

ork
.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

du
ce

 K
irc

hh
off

’s 
law

s f
or 

ele
ctr

ica
l n

etw
ork

s.
iii)

 
Stu

de
nts

 to
 ap

ply
 th

e l
aw

s i
n 

ele
ctr

ica
l n

etw
ork

s.

• 
Ba

tte
ry

• 
Ga

lva
no

me
ter

• 
Po

ten
tio

me
ter

• 
Am

me
ter

s
• 

Co
nn

ec
tin

g w
ire

s
• 

Jo
ck

ey
s

Is 
the

 st
ud

en
t a

ble
 

to 
an

aly
se 

ele
ctr

ica
l 

ne
tw

ork
s?

2.2
   E

lec
tri

c C
on

du
cti

on
     

    
    

in 
Ga

ses
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
inv

est
iga

te 
the

 co
nd

uc
tio

n o
f 

ele
ctr

ici
ty 

in 
ga

ses
.

i) 
Stu

de
nts

 to
 de

mo
ns

tra
te 

co
nd

uc
tio

n o
f e

lec
tri

cit
y i

n g
ase

s.
ii)

 
Te

ac
he

r 
to 

gu
ide

 s
tud

en
ts 

to 
int

erp
ret

 v
ari

ou
s b

an
ds

 o
bs

erv
ed

 
in 

the
 di

sch
arg

e t
ub

e.
iii)

 
Stu

de
nts

 to
 sk

etc
h a

nd
 in

ter
pre

te 
the

 io
niz

ati
on

 cu
rve

.

• 
Di

sch
arg

e t
ub

e
• 

Hi
gh

 vo
lta

ge
 so

urc
e

• 
Ch

art
s

Is 
the

 st
ud

en
t a

ble
 

to 
inv

est
iga

te 
the

 
co

nd
uc

tio
n o

f 
ele

ctr
ici

ty 
in 

ga
ses

?

12
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M
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R 
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b) 
ex

plo
re 

op
tic

al 
sp

ec
tra

 fo
r 

ga
ses

.
i) 

Stu
de

nts
 to

 pe
rfo

rm
 ex

pe
rim

en
t 

to 
de

ter
mi

ne
 sp

ec
tra

 of
 ga

ses
.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
us

e 
sp

ec
tra

l d
ata

 to
 id

en
tif

y t
yp

es 
of 

ga
ses

.

• 
Ga

s t
ub

es
• 

Pr
ism

 sp
ec

tro
me

ter
• 

Ind
uc

tio
n c

oil
• 

Di
ffr

ac
tio

n g
rat

ing
.

Is 
the

 st
ud

en
t a

ble
 

to 
ex

plo
re 

op
tic

al 
sp

ec
tra

 fo
r g

ase
s?

c) 
ide

nti
fy 

ap
pli

ca
tio

ns
 of

 
co

nd
uc

tio
n o

f e
lec

tri
cit

y i
n 

ga
ses

.

Stu
de

nts
 in

 gr
ou

ps
 to

 di
scu

ss 
ap

pli
ca

tio
ns

 of
 co

nd
uc

tio
n o

f 
ele

ctr
ici

ty 
in 

ga
ses

, e
.g.

 flu
ore

sce
nt 

tub
e, 

va
po

r l
am

ps
.

Is 
the

 st
ud

en
t a

ble
 to

ide
nti

fy 
ap

pli
ca

tio
ns

 
of 

co
nd

uc
tio

n o
f 

ele
ctr

ici
ty 

in 
ga

ses
?

2.3
   A

lte
rna

tin
g C

urr
en

t(a
c)

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

me
asu

re 
alt

ern
ati

ng
 

cu
rre

nt 
us

ing
 ap

pro
pri

ate
 

ins
tru

me
nts

.

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 pe

rfo
rm

 
ex

pe
rim

en
t to

 m
ea

su
re 

ac
.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

dif
fer

en
ce

 be
tw

ee
n a

c 
an

d d
c m

ete
rs.

• 
M

ov
ing

 co
il m

ete
r

• 
Ho

t W
ire

 m
ete

r
• 

Os
cil

los
co

pe
• 

Di
git

al 
me

ter

Is 
the

 st
ud

en
t a

ble
 to

me
asu

re 
alt

ern
ati

ng
 

cu
rre

nt 
us

ing
 

ap
pro

pri
ate

 
ins

tru
me

nts
?

26

b) 
est

ab
lis

h t
he

 m
ea

n a
nd

 r.m
.s 

va
lue

s o
f a

lte
rna

tin
g c

urr
en

t 
an

d v
olt

ag
e.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

riv
e

ex
pre

ssi
on

 fo
r m

ea
n a

nd
 ro

ot-
me

an
 

sq
ua

re 
va

lue
s o

f a
lte

rna
tin

g c
urr

en
t 

an
d v

olt
ag

e.

Is 
the

 st
ud

en
t a

ble
 to

est
ab

lis
h t

he
 m

ea
n 

an
d r

.m
.s 

va
lue

s o
f 

alt
ern

ati
ng

 cu
rre

nt 
an

d v
olt

ag
e?
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SE
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M
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T
ES
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NU

M
BE

R 
O

F 
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O

DS

c) 
an

aly
se 

co
nd

uc
tio

n o
f a

.c 
thr

ou
gh

 di
ffe

ren
t c

irc
uit

 
ele

me
nts

.

i) 
Stu

de
nts

 to
 de

mo
ns

tra
te 

the
 

pa
ssa

ge
 of

 ac
 th

rou
gh

 re
sis

tor
, 

ind
uc

tor
 an

d c
ap

ac
ito

r.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

sk
etc

h g
rap

hs
 of

 I a
nd

 V
 ag

ain
st 

tim
e f

or 
res

ist
or,

 in
du

cto
r a

nd
 

ca
pa

cit
or 

an
d t

he
ir 

ph
aso

r 
dia

gra
m.

iii)
 

Stu
de

nts
 to

 de
du

ce
 ex

pre
ssi

on
s 

for
 ca

pa
cit

ive
 an

d i
nd

uc
tiv

e 
rea

cta
nc

e.

• 
ac

 so
urc

e
• 

Os
cil

los
co

pe
• 

Ind
uc

tor
• 

Ca
pa

cit
or

• 
Re

sis
tor

Is 
the

 st
ud

en
t a

ble
 to

an
aly

se 
co

nd
uc

tio
n o

f 
a.c

 th
rou

gh
 di

ffe
ren

t 
cir

cu
it e

lem
en

ts?

d)
 

es
tab

lis
h t

he
 re

so
na

nt 
fre

qu
en

cy
 fo

r R
, L

, C
 

cir
cu

its
.

i) 
St

ud
en

ts 
to 

de
mo

ns
tra

te 
ac

 
th

ro
ug

h C
R,

 L
R,

 L
C 

an
d L

CR
 

in 
se

rie
s a

nd
 pa

ra
lle

l c
irc

uit
s.

ii)
 

Te
ac

he
r t

o l
ea

d s
tu

de
nt

s t
o 

sk
etc

h V
 an

d I
 ag

ain
st 

tim
e 

fo
r C

R,
 L

R,
 L

C 
an

d L
CR

 in
 

se
rie

s a
nd

 pa
ral

lel
 ci

rcu
its

 an
d 

the
ir 

ph
as

or
 di

ag
ram

s.
iii

) 
St

ud
en

ts 
to 

de
riv

e t
he

 
im

pe
da

nc
e f

or 
a.c

 th
ro

ug
h 

CR
, L

R,
 L

C 
an

d L
CR

 in
 

se
rie

s a
nd

 pa
ra

lle
l c

irc
uit

s.

• 
So

urc
e o

f a
.c

• 
Sig

na
l g

en
era

tor
• 

Do
ub

le 
be

am
 C

RO
,

• 
Ch

art
s

Is 
the

 st
ud

en
t a

ble
 

to 
est

ab
lis

h t
he

 
fre

qu
en

cy
 ba

nd
 

wi
th 

an
d r

eso
na

nt 
fre

qu
en

cy
 fo

r R
, L

,
C 

cir
cu

its
?



41

TO
PI

C/
SU

B-
TO

PI
C

SP
EC

IF
IC

 O
BJ

EC
TI

VE
S

TE
AC

H
IN

G
 A

ND
 L

EA
RN

IN
G

 
ST

RA
TE

GI
ES

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
O

F 
PE

RI
O

DS

iv)
   S

tud
en

ts 
to 

sk
etc

h i
mp

ed
an

ce
 

ve
rsu

s f
req

ue
nc

y 
cu

rv
es

 an
d 

he
nc

e d
ete

rm
ine

 re
so

na
nt 

fre
qu

en
cy

.

e)
 

de
ter

mi
ne

 po
we

r i
n R

, L
 

an
d C

 ci
rcu

its
.

i) 
St

ud
en

ts 
to 

dis
cu

ss 
po

we
r i

n 
R,

 L
an

d C
 ci

rcu
its

.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e e
xp

res
sio

n 
fo

r p
ow

er 
in 

R,
 L

 an
d C

 ci
rcu

its
.

iii
) 

St
ud

en
ts 

to 
dis

cu
ss 

po
we

r 
fac

tor
.

Is 
the

 st
ud

en
t a

ble
 to

 
de

ter
mi

ne
 po

we
r i

n 
R,

 L 
an

d C
 ci

rcu
its

?

3.0
  E

LE
CT

RO
NI

CS

3.1
  T

he
 B

an
d T

he
or

y o
f 

    
    

So
lid

s

By
 th

e e
nd

 of
 th

is 
su

b-
to

pi
c 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to:
a)

 
ex

pl
ain

 th
e s

ig
ni

fic
an

ce
 

of 
th

e F
er

mi
 le

ve
l a

nd
 

en
erg

y g
ap

 in
 so

lid
s.

i) 
tea

ch
er 

to 
gu

ide
 st

ud
en

ts 
to 

br
ain

sto
rm

 on
 en

erg
y b

an
ds

 
in 

so
lid

s.
ii)

 
St

ud
en

ts 
in 

gr
ou

ps
 to

 ex
pla

in 
the

 si
gn

ifi
ca

nc
e o

f t
he

 F
erm

i 
lev

el 
an

d t
he

 en
erg

y g
ap

.

• 
Ch

art
s

• 
Co

mp
ute

r s
im

ula
tio

n
Is 

the
 st

ud
en

t a
ble

 to
ex

pla
in 

the
 

sig
nifi

ca
nc

e o
f t

he
 

Fe
rm

i le
ve

l in
 so

lid
s?

Is 
the

 st
ud

en
t a

ble
 to

 
an

aly
se 

the
 ef

fec
t o

f 
tem

pe
rat

ure
 on

 th
e 

co
nd

uc
tio

n o
f s

oli
ds

?

6

b)
 

an
aly

se
 th

e e
ffe

ct 
of 

tem
pe

ra
tu

re
 on

 th
e 

ele
ctr

ica
l c

on
du

cti
on

 of
 

so
lid

s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
gro

up
s 

to 
dis

cu
ss 

the
 ef

fec
t o

f t
em

pe
rat

ure
 

on
 th

e e
lec

tri
ca

l c
on

du
cti

on
 of

 so
lid

 
co

nd
uc

tor
, s

em
ico

nd
uc

tor
s a

nd
 

ins
ula

tor
s.

• 
El

ec
tri

ca
l s

ou
rce

s
• 

Co
nd

uc
tor

• 
Se

mi
co

nd
uc

tor
• 

Ins
ula

tor
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3.2
   

Se
mi

co
nd

uc
tor

s
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

di
sti

ng
ui

sh
 be

tw
ee

n 
in

tri
ns

ic 
an

d e
xt

rin
sic

 
sem

ico
nd

uc
tor

s.

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 br

ain
sto

rm
 

on
 di

ffe
ren

ce
 be

tw
ee

n i
ntr

ins
ic 

an
d e

xtr
ins

ic 
sem

ico
nd

uc
tor

s.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 pr
oc

ess
 of

 do
pin

g.

• 
Sil

ico
n

• 
Ge

rm
an

ium
• 

Co
mp

ute
r s

im
ula

tio
n

• 
Tr

i-v
ale

nt 
an

d 
pe

nta
va

len
t e

lem
en

t.

Is 
the

 st
ud

en
t a

ble
 to

 
dis

tin
gu

ish
 be

tw
ee

n 
int

rin
sic

 an
d e

xtr
ins

ic 
sem

ico
nd

uc
tor

s?

14

b)
 

ex
am

ine
 ap

pli
ca

tio
ns

 of
 

se
mi

co
nd

uc
tor

s.
Stu

de
nts

 in
 gr

ou
ps

 to
 co

nd
uc

t 
pro

jec
ts 

on
 th

e a
pp

lic
ati

on
s o

f 
sem

ico
nd

uc
tor

s.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

am
ine

 ap
pli

ca
tio

ns
 

of 
sem

i c
on

du
cto

r 
sen

so
rs?

3.3
   

Tr
an

sis
tor

s
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
ex

pl
ain

 th
e m

od
e o

f 
op

era
tio

n 
of

 a 
pn

p a
nd

 
np

n j
un

cti
on

s.
b)

 
in

ter
pr

et 
tra

ns
ist

or
 

ch
ar

ac
ter

ist
ics

.

i) 
St

ud
en

ts 
in

 gr
ou

ps
 to

 di
sc

us
s 

th
ec

on
str

uc
tio

n 
of

 a 
pn

p a
nd

 
np

n j
un

cti
on

s.
ii)

 
Te

ac
he

r t
o g

ui
de

 st
ud

en
ts 

to
 

di
sc

us
s t

he
 m

od
e o

f a
cti

on
 of

 
the

 np
n a

nd
 pn

p j
un

cti
on

s.

• 
Pn

P t
ran

sis
tor

• 
np

n t
ran

sis
tor

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 m

od
e o

f 
op

era
tio

n o
f a

 pn
p 

an
d n

pn
 ju

nc
tio

n?

24

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 pe
rfo

rm
 

ex
pe

rim
en

t t
o d

ete
rm

ine
 

tra
ns

ist
or

 ch
ara

cte
ris

tic
s f

or
 

CE
, C

B 
an

d C
C 

co
nfi

gu
rat

ion
.

ii)
 

Te
ac

he
r t

o g
ui

de
 st

ud
en

ts 
to

 in
ter

pr
et 

th
e m

ea
su

red
 

ch
ara

cte
ris

tic
s

• 
Tr

an
sis

tor
• 

Ba
tte

ry
• 

La
mp

s
• 

Re
sis

tor
s

• 
Am

me
ter

• 
Vo

ltm
ete

r

Is 
the

 st
ud

en
t a

ble
 to

 
int

erp
ret

 tr
an

sis
tor

 
ch

ara
cte

ris
tic

s?
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c)
 

de
ter

m
in

e t
he

 
am

pl
ifi

ca
tio

n a
nd

 po
we

r 
ga

in
 in

 tr
an

sis
to

r c
irc

ui
ts.

i) 
 St

ud
en

ts 
in 

gro
up

s t
o p

erf
orm

 
ex

pe
rim

en
t to

 m
ea

su
re 

am
pli

fic
ati

on
, u

sin
g C

E t
ran

sis
tor

.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e e
xp

re
ss

io
n f

or
 

am
pl

ifi
ca

tio
n a

nd
 po

we
r g

ain
.

iii
) 

St
ud

en
ts 

to 
dis

cu
ss 

ap
pli

ca
tio

ns
 of

 cu
rre

nt 
an

d 
vo

lta
ge

 am
pl

ifi
ca

tio
n a

nd
 

po
we

r g
ain

 by
 tr

an
sis

tor
s 

cir
cu

its
.

• 
Ca

pa
cit

or
• 

Re
sis

tor
• 

Ba
tte

ry
• 

Tr
an

sis
tor

• 
Os

cil
los

co
pe

• 
Sig

na
l s

ou
rce

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 th
e 

am
pli

fic
ati

on
 an

d 
po

we
r g

ain
 in

 
tra

ns
ist

or 
cir

cu
its

?

d)
 

as
se

ss
 th

e e
ffe

ct 
of

 
tem

pe
ra

tu
re

 on
 tr

an
sis

to
r 

cir
cu

its
.

i) 
St

ud
en

ts 
in

 g
ro

up
s t

o 
pe

rfo
rm

 ex
pe

rim
en

ts 
to

 
de

m
on

str
ate

 ef
fe

ct 
of 

tem
pe

ra
tu

re
 o

n 
tra

ns
ist

or
 

cir
cu

its
.

ii)
 

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s 

to
 ex

pl
ain

 ef
fe

ct 
of

 
tem

pe
ra

tu
re

 o
n 

tra
ns

ist
or 

cir
cu

its
.

iii
) 

St
ud

en
ts 

to
 d

em
on

str
ate

 
ho

w 
to 

co
nt

ro
l t

em
pe

ra
tu

re
 

va
ria

tio
n 

in 
tra

ns
ist

or
 ci

rcu
its

.

• 
CE

 tr
an

sis
tor

 ci
rcu

it
• 

Sig
na

l s
ou

rce
• 

He
at 

so
urc

e
• 

Os
cil

los
co

pe
• 

Ca
pa

cit
or

• 
Re

sis
tor

s
• 

Ba
tte

ry

Is 
th

e s
tu

de
nt

 ab
le 

to 
as

se
ss

 th
e e

ffe
ct 

of 
tem

pe
ra

tu
re

 on
 

tra
ns

ist
or

 ci
rcu

its
?
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e)
  d

es
ign

 an
d c

on
str

uc
t b

as
ic

 
tra

ns
ist

or
 sw

itc
hi

ng
 

   
   

cir
cu

its
.

i) 
   

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s 

in
 g

ro
up

s t
o 

de
sig

n 
an

d 
co

ns
tru

ct 
a t

ra
ns

is
to

r 
sw

itc
hi

ng
 c

irc
ui

t.
ii)

  
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s 
to

 in
ter

pr
et 

th
e r

es
po

ns
e o

f 
a t

ra
ns

ist
or

 sw
itc

h.

• 
Tr

an
sis

tor
• 

Ba
tte

ry
• 

Bu
lb

• 
Re

sis
tor

Is 
the

 st
ud

en
t a

ble
 to

 
de

sig
n a

nd
 co

ns
tru

ct 
ba

sic
 tr

an
sis

tor
 

sw
itc

hin
g c

irc
uit

s?

3.4
  L

og
ic 

Ga
tes

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

  i
de

nt
ify

 b
as

ic 
ty

pe
s o

f 
lo

gi
c 

ga
te

s.

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 di

scu
ss 

the
 

va
rio

us
 ty

pe
s o

f lo
gic

 ga
tes

.

ii)
 

Te
ac

he
r to

 gu
ide

 st
ud

en
ts 

to 
de

mo
ns

tra
te 

ac
tio

n o
f th

e v
ari

ou
s 

ga
tes

.

• 
AN

D 
ga

te
• 

OR
 ga

te
• 

NO
R 

ga
te

• 
NA

ND
 ga

te
• 

Co
mp

ute
r s

im
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 to

 
ide

nti
fy 

ba
sic

 ty
pe

s o
f 

log
ic 

ga
tes

?

16

b)
  c

re
ate

 lo
gi

ca
l t

ru
th

 
tab

les
 o

f l
og

ic 
ga

te
s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
cre

ate
 

tru
th 

tab
les

 fo
r N

OT
, A

ND
, N

AN
D,

 
NO

R 
an

d O
R 

ga
tes

.

Ch
art

 sh
ow

ing
 lo

gic
 

ga
tes

Is 
the

 st
ud

en
t a

ble
 to

 
cre

ate
 lo

gic
al 

tru
th 

tab
les

 of
 lo

gic
 ga

tes
?

c)
  a

pp
ly

 B
oo

lea
n 

Al
ge

br
a t

o 
an

aly
ze

 
lo

gi
c c

irc
ui

ts
.

i) 
Te

ac
he

r to
 in

tro
du

ce
 pr

inc
ipl

es 
of 

Bo
ole

an
 al

ge
bra

.
ii)

 
Stu

de
nts

 to
 an

aly
ze

 lo
gic

 ci
rcu

its
 

by
 us

ing
 B

oo
lea

n a
lge

bra
.

iii)
 

Stu
de

nts
 to

 ap
ply

 B
oo

lea
n 

alg
eb

ra 
to 

de
sig

n l
og

ic 
cir

cu
its

.

Ch
art

 sh
ow

ing
 th

e 
co

mb
ina

tio
n o

f l
og

ic 
ga

tes

Is 
the

 st
ud

en
t a

ble
 

to 
ap

ply
 B

oo
lea

n 
Al

ge
bra

 to
 an

aly
ze

 
log

ic 
cir

cu
its

?
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3.
5 

  O
pe

ra
tio

na
l  

   
   

   
 

   
   

   A
m

pl
ifi

er
s

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
de

sc
rib

e t
he

 p
ro

pe
rti

es
 

an
d m

od
e o

f a
cti

on
 of

 
op

er
ati

on
al 

am
pli

fie
rs.

i) 
 S

tu
de

nt
s i

n 
gr

ou
ps

 to
 di

scu
ss 

pr
op

er
tie

s o
f o

pe
ra

tio
na

l 
am

pl
ifi

er
s.

ii)
 

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s t

o 
de

sc
rib

e t
he

 m
od

e o
f a

cti
on

 
of

 an
 op

er
ati

on
al 

am
pli

fie
r.

iii
) 

St
ud

en
ts 

in
 g

ro
up

s t
o 

di
sc

us
s 

tra
ns

fe
r c

ha
ra

cte
ris

tic
s o

f 
op

er
ati

on
al 

am
pli

fie
rs.

• 
OP

 am
p

• 
Co

mp
ute

r s
im

ula
tio

n
Is 

the
 st

ud
en

t a
ble

 
to 

de
scr

ibe
 th

e 
pro

pe
rti

es 
an

d 
mo

de
 of

 ac
tio

n 
of 

op
era

tio
na

l 
am

pli
fie

rs?

14

b)
   

id
en

tif
y 

ap
pl

ica
tio

ns
 

of
 o

pe
ra

tio
na

l 
am

pl
ifi

er
s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
gro

up
s t

o 
de

mo
ns

tra
te 

an
d d

isc
us

s O
P a

mp
 as

 
vo

lta
ge

 am
pli

fie
r, v

olt
ag

e c
om

pa
rat

or,
 

os
cil

lat
or 

an
d a

s i
nte

gra
tor

.

• 
OP

 am
p

• 
Os

cil
los

co
pe

• 
Sig

na
l g

en
era

tor
• 

Po
we

r s
ou

rce

Is 
the

 st
ud

en
t a

ble
 to

 
ide

nti
fy 

ap
pli

ca
tio

ns
 

of 
op

era
tio

na
l 

am
pli

fie
rs?

3.
6 

Te
lec

om
mu

nic
ati

on
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

ex
pl

ain
 A

mp
litu

de
 

M
od

ul
ati

on
 (A

M
) a

nd
 

Fr
eq

ue
nc

y 
M

od
ul

ati
on

 
(F

M
).

i) 
St

ud
en

ts 
to

 b
ra

in
sto

rm
 o

n 
th

e 
me

an
ing

 of
 am

pl
itu

de
 

m
od

ul
ati

on
 an

d f
re

qu
en

cy
 

mo
du

lat
ion

.
ii)

 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s t
o 

di
sti

ng
ui

sh
 b

etw
ee

n A
M

 an
d 

FM
.

• 
Ra

dio
 se

t
• 

TV
 se

t
• 

M
P3

 sy
ste

m
• 

Co
mp

ute
r

• 
Int

ern
et

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

Am
pli

tud
e 

M
od

ula
tio

n (
AM

) 
an

d F
req

ue
nc

y 
M

od
ula

tio
n (

FM
)?
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b)
 

id
en

tif
y 

ba
sic

 co
mp

on
en

ts 
of

 a 
co

m
m

un
ica

tio
n 

sy
ste

m.

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s, 

thr
ou

gh
 qu

es
tio

n 
an

d 
an

sw
er

s, 
to

 
di

sc
us

s t
he

 ba
sic

 co
m

po
ne

nt
s o

f a
 

co
m

m
un

ica
tio

n 
sy

ste
m.

Ch
art

s
Is 

the
 st

ud
en

t a
ble

 
to 

ide
nti

fy 
the

 ba
sic

 
co

mp
on

en
ts 

of 
a 

co
mm

un
ica

tio
n 

sy
ste

m?
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c) 
de

scr
ibe

 th
e m

eth
od

s o
f 

rec
ep

tio
n a

nd
 tr

an
sm

iss
ion

 
of 

rad
io 

an
d T

V 
sig

na
ls.

i) 
 T

ea
ch

er
 to

 ar
ra

ng
e f

or
 

stu
dy

 v
isi

t t
o a

 ra
di

o 
an

d 
TV

 
tra

ns
m

iss
io

n 
sta

tio
n.

ii)
 

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s t

o 
su

m
m

ar
ize

 th
e m

eth
od

s o
f 

tra
ns

m
itt

in
g 

an
d 

re
ce

iv
in

g 
ra

di
o 

an
d T

V 
sig

na
ls.

• 
Ra

dio
 st

ati
on

• 
TV

 st
ati

on
• 

Ra
dio

 se
t

• 
TV

 se
t

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e m

eth
od

s 
of 

rec
ep

tio
n a

nd
 

tra
ns

mi
ssi

on
 of

 ra
dio

 
an

d T
V 

sig
na

ls?

d) 
de

sig
n s

im
ple

 
tel

ec
om

mu
nic

ati
on

 de
vic

es.
St

ud
en

ts 
in

 g
ro

up
s t

o 
ca

rry
 o

ut
 

pr
oj

ec
ts 

to 
de

sig
n 

sim
pl

e r
ad

io
 

re
ce

iv
er,

 tr
an

sm
itte

r a
nd

 T
V 

an
ten

na
s.

• 
TV

 an
ten

na
s

• 
Ra

dio
 se

t
• 

Ch
art

s

Is 
th

e s
tu

de
nt

 ab
le 

to 
de

sig
n 

sim
ple

 
tel

ec
om

m
un

ica
tio

n 
de

vic
es?

4.0
 A

TO
M

IC
 P

H
YS

IC
S

4.
1 

St
ru

ctu
re

 o
f t

he
 A

tom

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a)

 
de

sc
rib

e t
he

 R
ut

he
rfo

rd
 

an
d B

oh
r m

od
els

 o
f t

he
 

ato
m

.

i) 
St

ud
en

ts 
in

 g
ro

up
s t

o 
di

sc
us

s 
th

e R
ut

he
rfo

rd
 an

d 
Bo

hr
 

m
od

els
 o

f t
he

 at
om

.
ii)

 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s 
to

 su
m

m
ar

ize
 th

e m
ain

 
co

m
po

ne
nt

s o
f t

he
 

Ru
th

er
fo

rd
 an

d 
Bo

hr
 m

od
els

 
of 

th
e a

tom
.

iii)
 

Stu
de

nts
 to

 st
ate

 B
oh

r p
os

tul
ate

s.

• 
Ch

art
s

• 
Co

mp
ute

r s
im

ula
tio

n
Is 

the
 st

ud
en

t a
ble

 
to 

de
scr

ibe
 th

e 
Ru

the
rfo

rd 
an

d
Bo

hr 
mo

de
ls 

of 
the

 
ato

m?
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b)
  a

na
ly

se
 at

om
ic 

en
er

gy
 le

ve
ls

.
i) 

  T
ea

ch
er

 to
 g

ui
de

 st
ud

en
ts 

to
 d

isc
us

s t
he

 h
yd

ro
ge

n 
en

er
gy

 le
ve

ls,
 a

nd
 d

er
iv

e 
ex

pr
es

sio
ns

 fo
r t

he
 

en
er

gy
 le

ve
ls

.
ii)

  
St

ud
en

ts 
to

 p
er

fo
rm

 
ex

pe
rim

en
t t

o 
de

ter
m

in
e 

wa
ve

len
gt

hs
 in

 th
e B

alm
er

 
se

rie
s o

f t
he

 h
yd

ro
ge

n 
sp

ec
tru

m
.

• 
Hy

dro
ge

n s
pe

ctr
um

 
tub

e 
• 

Di
ffr

ac
tio

n g
rat

ing
• 

Pr
ism

 sp
ec

tro
me

ter
• 

Po
we

r s
up

ply

Is 
th

e s
tu

de
nt

 ab
le 

to 
an

aly
se

 at
om

ic 
en

er
gy

 le
ve

ls?

4.
2 

Qu
an

tu
m

 Ph
ys

ics
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a)
 

de
sc

rib
e f

ail
ur

es
 o

f 
cla

ss
ica

l p
hy

sic
s.

Te
ac

he
r t

o 
gu

id
e s

tu
de

nt
s t

o 
dis

cu
ss 

fa
ilu

re
s o

f t
he

 cl
as

sic
al 

law
s o

f p
hy

sic
s.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 fa
ilu

res
 of

 
cla

ssi
ca

l p
hy

sic
s?

30

b)
 

ex
pl

ain
 P

lan
ck

’s 
qu

an
tu

m
 th

eo
ry

 o
f 

bla
ck

bo
dy

 ra
dia

tio
n.

i) 
Te

ac
he

r t
o 

gu
id

e s
tu

de
nt

s t
o 

di
sc

us
s t

he
 qu

an
tu

m
 th

eo
ry

 
ac

co
rd

in
g 

to
 Pl

an
ck

.
ii)

 
Stu

de
nts

 to
 di

scu
ss 

in 
gro

up
s 

sp
ec

tra
l d

ist
rib

uti
on

 of
 

bla
ck

bo
dy

 ra
dia

tio
n a

cc
ord

ing
 to

  
Pla

nc
k.

• 
Ch

art
s

• 
Co

mp
ute

r s
im

ula
tio

n
• 

Bl
ac

k b
od

y

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

Pla
nc

k’s
 

qu
an

tum
 th

eo
ry 

of 
 

bla
ck

bo
ard

 ra
dia

tio
n?

c) 
ex

pla
in 

Ei
ns

tei
n q

ua
nt

um
 

th
eo

ry
 of

 lig
ht.

i) 
Te

ac
he

r t
o g

ui
de

 st
ud

en
ts 

to
 

di
sc

us
s t

he
 qu

an
tu

m
 th

eo
ry

 
ac

co
rd

in
g t

o E
ins

tei
n.

• 
Ph

oto
ce

ll
• 

Li
gh

t s
ou

rce
• 

Pr
ism

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pl
ain

 E
ins

tei
n 

qu
an

tum
 th

eo
ry

 of
 

lig
ht?
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ii)
    

St
ud

en
ts 

to 
pe

rfo
rm

 
ex

pe
rim

en
t t

o d
ete

rm
ine

 th
e 

Pl
an

ck
’s 

co
ns

tan
t, 

h

• 
M

icr
o a

mm
ete

r
• 

vo
ltm

ete
r

d)
 

ac
co

un
t f

or
 th

e 
ph

ot
oe

lec
tri

c e
ffe

ct 
ph

en
om

en
on

.

i) 
St

ud
en

ts 
to 

de
du

ce
 st

op
pin

g 
po

ten
tia

l, 
thr

es
ho

ld 
fre

qu
en

cy
 

an
d w

or
k-

fu
nc

tio
n o

f a
 m

eta
l.

ii)
  T

ea
ch

er
 to

 gu
id

e s
tu

de
nt

s t
o 

ex
pl

ain
 th

e p
ho

to
ele

ctr
ic 

eff
ec

t.

• 
Co

mp
ute

r s
im

ula
tio

n
• 

Ch
art

s
Is 

the
 st

ud
en

t a
ble

 
to 

ac
co

un
t f

or
 th

e 
ph

ot
oe

lec
tri

c e
ffe

ct 
ph

en
om

en
on

?

e)
 

de
du

ce
 de

 B
rog

lie
 

wa
ve

len
gth

 fo
r t

he
 

ele
ctr

on
.

i) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 di
sc

us
s 

the
 w

av
e-p

ar
tic

le 
du

ali
ty

 of
 

th
e e

lec
tro

n.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
riv

e d
e B

ro
gl

ie’
s 

wa
ve

len
gt

h f
or

 th
e e

lec
tro

n.

• 
Ch

art
s 

• 
Co

mp
ute

r s
im

ula
tio

n
Is 

the
 st

ud
en

t a
ble

 to
 

de
du

ce
 de

 B
rog

lie
 

wa
ve

len
gth

 fo
r t

he
 

ele
ctr

on
?

f) 
de

sc
rib

e p
ro

du
cti

on
 an

d 
us

es
 of

 x-
ray

s.
i) 

Te
ac

he
rs 

to
 gu

id
e s

tu
de

nt
s t

o 
br

ain
sto

rm
 on

 th
e p

ro
du

cti
on

 
of

 x-
 ra

ys
.

ii)
 

St
ud

en
ts 

to 
dis

cu
ss 

us
es

 of
 

x-
ray

s i
n m

ed
ici

ne
, i

nd
us

try
 

an
d i

n s
am

ple
 an

aly
sis

.
iii)

 
Stu

de
nts

 to
 m

ak
e a

 st
ud

y v
isi

t 
to 

a l
ab

ora
tor

y o
r h

os
pit

al 
wi

th 
x-r

ay
 un

it.

• 
X-

ray
 tu

be
• 

Ch
art

s
• 

Co
mp

ute
rs 

sim
ula

tio
n

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 pr
od

uc
tio

n 
an

d u
ses

 of
 x-

ray
s?
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4.3
   L

AS
ER

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

scr
ibe

 pr
od

uc
tio

n o
f 

LA
SE

R 
lig

ht.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ho
w 

LA
SE

R 
lig

ht 
is 

pro
du

ce
d.

• 
Ch

art
s

• 
Co

mp
ute

r s
im

ula
tio

n
Is 

the
 st

ud
en

t a
ble

 to
de

scr
ibe

 pr
od

uc
tio

n 
of 

LA
SE

R 
lig

ht?

16

b) 
ex

pla
in 

pro
pe

rti
es 

of 
LA

SE
R 

lig
ht.

Stu
de

nts
 in

 gr
ou

ps
 to

 de
mo

ns
tra

te
pro

pe
rti

es 
of 

LA
SE

R 
lig

ht
• 

He
-N

e l
ase

r
• 

scr
ee

n
Is 

the
 st

ud
en

t a
ble

 to
ex

pla
in 

pro
pe

rti
es 

of
LA

SE
R 

lig
ht?

c) 
dis

tin
gu

ish
 ty

pe
s o

f  
LA

SE
RS

.
i) 

Te
ac

he
r to

 gu
ide

 st
ud

en
ts 

to 
dis

cu
ss 

me
tho

ds
 of

 pu
mp

ing
 in

 
LA

SE
R 

pro
du

cti
on

.
ii)

 
Stu

de
nts

 in
 gr

ou
ps

 to
 di

scu
ss 

dif
fer

en
t   

 ty
pe

s o
f l

ase
rs.

Is 
the

 st
ud

en
t a

ble
 to

dis
tin

gu
ish

 ty
pe

s o
f

LA
SE

RS
?

d) 
ide

nti
fy 

ap
pli

ca
tio

ns
 of

 
LA

SE
R 

lig
ht.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

scr
ibe

ap
pli

ca
tio

ns
 of

 L
AS

ER
 lig

ht 
in 

me
dic

ine
, in

du
str

y, 
mi

lita
ry 

an
d 

do
me

sti
c a

pp
lic

ati
on

s.

Is 
the

 st
ud

en
t a

ble
 to

ide
nti

fy 
ap

pli
ca

tio
ns

 
of 

LA
SE

R 
lig

ht?

4.4
   N

uc
lea

r P
hy

sic
s

By
 th

e e
nd

 of
 th

is 
su

b-t
op

ic 
the

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

scr
ibe

 th
e s

tru
ctu

re 
of 

the
  

nu
cle

us
.

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 br

ain
sto

rm
 

an
d d

isc
us

s t
he

 st
ruc

tur
e o

f t
he

 
nu

cle
us

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
rev

iew
 th

e R
uth

erf
ord

  
ex

pe
rim

en
t.

• 
M

od
els

• 
Ch

art
s

• 
Co

mp
ute

r s
im

ula
tio

n

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e s
tru

ctu
re 

of 
the

 nu
cle

us
?
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b) 
de

ter
mi

ne
 ha

lf 
lif

e a
nd

 
the

 de
ca

y c
on

sta
nt 

of 
a 

rad
ioa

cti
ve

 su
bs

tan
ce

.

Stu
de

nts
 in

 gr
ou

ps
 to

 pe
rfo

rm
 

ex
pe

rim
en

t to
 m

ea
su

re 
ha

lf-
lif

e a
nd

 
de

ca
y c

on
sta

nt

• 
Ra

dio
ac

tiv
e s

ou
rce

s
• 

GM
 tu

be
• 

Sc
ale

r
• 

Ti
me

r

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 ha
lf 

lif
e a

nd
 th

e d
ec

ay
  

co
ns

tan
t  o

f a
 

rad
ioa

cti
ve

 
su

bs
tan

ce
?

c) 
ex

pla
in 

the
 re

lat
ion

 of
 

nu
cle

ar 
ma

ss 
an

d b
ind

ing
 

en
erg

y.

i) 
Te

ac
he

r to
 gu

ide
 st

ud
en

ts 
to 

dis
cu

ss 
Ei

ns
tei

n’s
 m

ass
-en

erg
y 

eq
ua

tio
n.

ii)
 

Stu
de

nts
 in

 gr
ou

ps
 to

 ap
ply

 
Ei

ns
tei

n m
ass

- e
ne

rgy
 re

lat
ion

 to
 

de
ter

mi
ne

 th
e b

ind
ing

 en
erg

y o
f 

nu
cle

i

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 re
lat

ion
 

of 
nu

cle
ar 

ma
ss 

an
d 

bin
din

g e
ne

rgy
?

d) 
 id

en
tif

y c
rit

eri
a f

or 
sta

ble
 

an
d u

ns
tab

le 
nu

cle
us

.
i) 

Stu
de

nts
 in

 gr
ou

ps
 to

 co
mp

ute
 

an
d a

na
lys

e t
he

 N
eu

tro
n (

N)
 

an
d P

rot
on

 (Z
) r

ati
o a

nd
 pl

ot 
of 

N 
ag

ain
st 

Z 
for

 ra
dio

ac
tiv

e 
ele

me
nts

.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

est
ab

lis
h c

rit
eri

a f
or 

sta
ble

 an
d 

un
sta

ble
 nu

cle
i.

• 
Pe

rio
dic

 ta
ble

 of
 

ele
me

nts
• 

Ch
art

s

Is 
the

 st
ud

en
t a

ble
 to

ide
nti

fy 
cri

ter
ia 

for
 

sta
ble

 an
d u

ns
tab

le 
nu

cle
us

?

e) 
ide

nti
fy 

us
es 

an
d h

az
ard

s o
f 

rad
ioi

so
top

es.
i) 

Stu
de

nts
 in

 gr
ou

ps
 to

 br
ain

sto
rm

 
an

d d
isc

us
s a

pp
lic

ati
on

s o
f 

iso
top

es.
ii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

ide
nti

fy 
ha

za
rds

 of
 is

oto
pe

s.

• 
Pe

rio
dic

 ta
ble

 of
 

ele
me

nt
• 

Ch
art

s

Is 
the

 st
ud

en
t a
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 to
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nti
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d h
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s o

f 
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es?
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f) 

dis
tin
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ish

 b
etw

ee
n fi

ss
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n 
an

d f
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n p

ro
ce

ss
es

.
i) 

St
ud

en
ts 

in 
gr

ou
ps

 to
 di

sc
us

s t
he

 
m

ea
ni

ng
 of

 fi
ss

io
n a

nd
 fu

sio
n. 

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
ca

lcu
lat

e t
he

 en
erg

y r
ele

as
ed

 in
 

a n
uc

lea
r fi

ssi
on
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iii

) 
St

ud
en

ts 
in 

gr
ou

ps
 to

 ca
lcu

lat
e 

the
 en

erg
y a

bs
or

be
d i

n a
 nu

cle
ar 

fu
sio

n.
iv)

 
St

ud
en

ts 
to 

dis
cu

ss 
ap

pli
ca

tio
ns

 
of 

nu
cle

ar 
fis

sio
n a

nd
 fu

sio
n 

pr
oc

es
se
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 C
om

pu
ter

 si
mu

lat
ion
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en
t a

ble
 to

di
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ng
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 be
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n 
fis
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n a

nd
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sio
n 

pro
ce

sse
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g)
 

de
sc

rib
e o

pe
ra

tio
n o

f a
 

nu
cle

ar 
rea

cto
r.

St
ud

en
ts 

in 
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ter
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re 
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e c
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d 

op
era
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n o

f a
 nu
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ar 
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r f
or
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pl

ica
tio
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• 
Int

ern
et.

• 
lib

rar
y
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 st
ud

en
t a

ble
 to

 
de
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e o
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ion

 of
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lea
r r
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   A
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ltu
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hy

sic
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e e
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is 
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the
 st

ud
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 be
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to:
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pl
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 th

e i
nfl

ue
nc

e o
f 

the
 ra

di
ati

on
 en

vir
on

me
nt 

on
 pl

an
t g

row
th.
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St

ud
en

ts 
in
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ou
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 to
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th
e c
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nts

 o
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rad
iat

io
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ii)
 

St
ud

en
ts 

in 
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 to
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s 
the
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ng
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fe
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ra
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tio
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an
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wt
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the
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iro
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t o
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row

th.

i) 
Stu

de
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 in
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ou
ps

 to
 di

scu
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d 
air
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e p
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h.
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pu
ter

 si
mu

lat
ion

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the
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nt 
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Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
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ss 
the

 ef
fec

t o
f w

ind
be

lts
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pla

nt 
gro

wt
h.

c) 
ide

nti
fy 

so
il e

nv
iro
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en

t 
co

mp
on

en
ts 

wh
ich
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flu

en
ce

 
pla

nt 
gro

wt
h.

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 pe

rfo
rm

 
ex
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en
t to

 de
ter

mi
ne

 th
e r

ate
 

of 
wa

ter
 flo

w 
in 

dif
fer

en
t s

oil
s.

ii)
 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 m

ov
em

en
t o

f w
ate

r 
in 

so
ils

.
iii)

 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
he

at 
tra

ns
fer

 in
 so

ils
.

• 
Cl

ay
 so

il
• 

 Sa
nd

 so
il

• 
Lo

am
 so

il
• 

Cy
lin

dri
ca

l g
las

s t
ub

e
• 

W
ate

r r
ese

rvo
ir

• 
M

ea
su

rin
g c

yli
nd

er
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Ti
me

Is 
the

 st
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en
t 

ab
le 

to 
ide

nti
fy 

so
il e

nv
iro

nm
en

t 
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e p
lan

t 
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wt
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d) 
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ply
 te

ch
niq

ue
s f

or 
im

pro
ve

me
nt 

of 
the

 pl
an

t 
en

vir
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me
nt.
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de
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d d
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 ef
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e p
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me
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Ve
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nt?

5.2
   E

ne
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 fr
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 th
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   E
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su
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to:
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de
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ibe

 th
e p
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 of

 
a p

ho
tov

olt
aic
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ion

 
sy

ste
m.
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ea
ch

er 
to 
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ide

 st
ud

en
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to 
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ho
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a p
ho
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ell

 w
ork
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ii)

 S
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en
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in 
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o d
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e t

he
 

res
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f c
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ng
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ral
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oto
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 in

 se
rie
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iii)

 St
ud
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fic
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 of
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ph

oto
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lta
ic 
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m.
iv)

 Te
ac

he
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o a
rra

ng
e fi

eld
 vi

sit
 to

 
stu
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 ph

oto
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lta
ic 

sy
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 in

 
pra
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l u
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• 
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oto
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l
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inc
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tov
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b)
 

de
ter

m
in

e t
he
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ou

nt
 

of 
av
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d 
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e w

in
d 

en
erg

y.

i) 
St

ud
en

ts 
in

 g
ro

up
s t

o 
di

sc
us

s 
am

ou
nt

 o
f e

ne
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y 
fo

r a
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ve
n 

wi
nd

 sp
ee

d.
ii)

 T
ea

ch
er

 to
 g

ui
de

 st
ud

en
ts 

to
 

de
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e t
he

 am
ou

nt
 o

f a
va

ila
bl

e 
an

d e
xt

ra
cta
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e w

in
d 

en
erg
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M
od

el 
of

 a 
wi

nd
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e
Is 

th
e s

tu
de

nt
 ab

le 
to 

de
ter

m
in

e t
he

 
am

ou
nt

 o
f a

va
ila

ble
 

an
d 

ex
tra

cta
ble

wi
nd

 en
erg

y?

c)
 

ex
am

in
e 

m
eth

od
s o

f 
ex

tra
cti

ng
 g

eo
th

er
m

al 
en

erg
y.

Stu
de

nts
 in

 gr
ou

ps
 to

 di
scu

ss 
me

tho
ds

 
of 

ex
tra

cti
ng

 ge
oth

erm
al 

en
erg

y.
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Co
mp

ute
r s

im
ula

tio
n
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Ch

art
s
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de
nt
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le 
to 
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am

in
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m
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od
s o

f 
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ng
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al 
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y?

d)
 

as
se

ss
 m

eth
od

s o
f 

ex
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cti
ng

 w
av

e e
ne
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Stu
de

nts
 in

 gr
ou
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 to

 br
ain

sto
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 an
d 
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ss 
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tho
ds

 of
 ex

tra
cti
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 m
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5.3
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the
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Te
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ble

 
to 

de
scr
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 th

e 
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the
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b) 
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de
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fy 
typ

es 
of 

sei
sm

ic 
    

    
wa

ve
s.
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nts
 in
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 to
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 an
d 
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ir 
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to 
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es 
of 

sei
sm

ic 
wa
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c) 
   d
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e t
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 pr
op
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eis
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es.
Te
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r t
o g

uid
e s

tud
en

ts 
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n
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 st
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t a
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 to
de
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ibe

 th
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f 
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wa
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s?

d) 
  lo

ca
te 

the
 ce

ntr
e o

f a
n

    
  e

art
hq

ua
ke

.
i) 

    
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
ho

w 
the

 ce
ntr

e o
f a

n 
ea

rth
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e c

an
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 lo
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ted
.

• 
Se

ism
om

ete
r

• 
Ch

art
s

Is 
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 st
ud

en
t a

ble
 to
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ate

 th
e c

en
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 of
 an

 
ea

rth
qu

ak
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5.4
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nv
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en
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Stu

de
nts

 in
 gr
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rm
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 th

e m
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nin
g o

f p
oll
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on

ii)
 

Te
ac

he
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uid

e s
tud

en
ts 

to 
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the

 m
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nin
g o

f  p
oll

uti
on

Ch
art

s
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 st

ud
en

t a
ble

 to
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the
 co
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ep

t o
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po
llu

tio
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b) 
ide

nti
fy 

so
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an

d 
typ

es 
of 

po
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t in
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e 

en
vir
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me

nt.
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d d

isc
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es 

sm
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en
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tan
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vir
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nt?
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nu
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de
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ar 
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de
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