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A message from the STEM in ACTION Team 

Grade 12’s, welcome to STEM in ACTION’s Physical Science Boost Series. This product was 

conceptualised  together  with  your  educators,  during  our  Physical  Science  Community  of  
Practice  online  sessions  in 2020. It  serves  to  support  you  and  your  Physical  Science  
educators  in  preparing  you  for  your  Matric  Physical  Science  NSC  examination.    You  will  
recognise our  laboratories and team, as we bring the STEM in ACTION laboratories  into your 

classroom and highlight all the topics in your Grade 12 Physical Science curriculum, according 

to the Examination Guidelines.  Have fun, go for it and realise that we believe in you and know 

that you can do it! 

How to use your Boost Prep Pack 

Your  prep  pack  contains  the  Physical  Science  examination  guidelines  and  exam  papers  
with  memoranda  from  2014, 2016  to  2020.    Work  through  the  Boost  Summary  and 
Experiment  Series  on  the  Boost  flash  drive  with  your  educator  in  class.  This  
summarises  the  work  according to the exam guidelines and CAPS and gives you handles on  
how to approach and tackle  exam  questions.    Work  through  the  series  in  class  or  in  study 
groups.   GATE and SLP learners, since you have your own flash drive, we encourage you to 

work  on  your  own  and  gain  confidence  as  you  practice  and  recall  your  Physical  Science  
knowledge and skills. 

STEM in ACTION… 

STEM  in  ACTION  is  a  community  engagement  entity  within  the  Engineering,  Built  
Environment   and   Technology   (EBET)   Faculty   at   Nelson   Mandela   University.   It   supports 
learners, educators and   parents   across   the   educational   phases,   through   a   hands‐on   brains‐
on   approach   within  the   teaching   and   learning   of   Physical   Science.      This   constructivist 
approach  together  with  a dynamic  and  enthusiastic  STEM  in  ACTON  team,  aim  to  get  
learners  motivated  about  the  subject and to consider possible STEM careers.  

Due to COVID‐19, STEM in ACTION has been unable to give  learners and educators  the full 

STEM experience which they are accustomed to at our laboratories on Missionvale Campus. 

This  has  resulted  in  a  revised  plan  of  action  and  the  development and delivery of our  
Grade 12   Physical  Science Boost  Series.    The  team   at  STEM   in  ACTION   has  now  found  a  
way  of  reaching  their  target  audience  while  still  adhering  to  the  protocols  set  by  the  
authorities.   The Boost Series will be a means of bringing the STEM in ACTION  laboratories 

into  your  classroom  and  assisting  you  as  you  prepare  for  your  Grade  12  Physical  Science  
exams this year.  
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B
 

C
 

D
 

f. ze
ro

. 

gr
ea

te
r 

th
an

 f
. 

sm
a

lle
r 

th
an

 f
. 

(2
) 

P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
5

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 t
ur

n 
ov

e
r 

1.
7 

T
w

o 
id

en
tic

al
 m

et
al

 s
ph

er
e

s,
 P

 a
nd

 R
, 

on
 i

n
su

la
te

d
 s

ta
nd

s,
 c

a
rr

y 
di

ff
e

re
n

t 
ch

ar
ge

s.
 T

h
e 

sp
h

er
e

s 
a

re
 b

ro
ug

h
t 

in
to

 c
o

nt
a

ct
 a

nd
 th

en
 s

ep
ar

a
te

d
 a

ga
in

. 

If 
th

e
 c

h
ar

ge
 o

n 
sp

he
re

 R
 A

F
T

E
R

 t
h

e 
se

pa
ra

tio
n

 is
 q

, t
h

e 
ch

ar
ge

 o
n 

sp
he

re
 P

 
af

te
r 

th
e

 s
ep

ar
a

tio
n

 is
 

 

A
 

B
 

C
 

D
 

q
. 

ze
ro

. 

le
ss

 t
h

an
 q

. 

gr
ea

te
r 

th
a

n 
q.

 
(2

) 

1.
8 

A
n 

A
C

 g
e

n
er

at
o

r 
ge

ne
ra

te
s 

a 
cu

rr
e

n
t 

w
ith

 a
 fr

eq
ue

nc
y 

of
 5

0 
H

z.
 

T
he

 n
um

be
r 

of
 t

im
es

 t
h

at
 t

he
 m

a
xi

m
u

m
 (

p
ea

k)
 c

u
rr

e
nt

 i
s 

pr
o

du
ce

d
 i

n 
o

ne
 

se
co

nd
 is

 
 

A
 

B
 

C
 

D
 

25
. 

5
0.

 

75
. 

10
0

. 
(2

) 

P
 

R
 



P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
6

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 tu
rn

 o
ve

r 

1.
9 

In
 t

he
 c

ir
cu

it 
be

lo
w

, t
h

e 
b

a
tte

ry
 h

as
 a

n 
in

te
rn

a
l r

e
si

st
a

nc
e 

r 
an

d
 a

n
 e

m
f 

. 
A

 
va

ria
bl

e 
re

si
st

or
 

R
 

is
 

co
n

ne
ct

ed
 

in
 

th
e 

ci
rc

ui
t 

a
nd

 
th

e
 

am
m

e
te

r 
an

d 
vo

ltm
et

e
r 

re
gi

st
e

r 
re

ad
in

gs
. 

T
he

 r
e

si
st

a
nc

e
 o

f 
th

e 
va

ria
bl

e 
re

si
st

o
r 

R
 is

 I
N

C
R

E
A

S
E

D
 n

o
w

. 

W
hi

ch
 O

N
E

 o
f 

th
e

 f
o

llo
w

in
g 

co
m

bi
n

a
tio

n
s 

is
 t

h
e

 C
O

R
R

E
C

T
 r

ep
re

se
n

t a
tio

n 
of

 
th

e
 c

ha
n

ge
 i

n 
th

e
 r

ea
d

in
g

s 
on

 t
h

e 
am

m
e

te
r 

an
d 

vo
ltm

et
er

 a
s 

th
e

 r
es

is
ta

nc
e 

of
 R

 is
 in

cr
ea

se
d

? 

A
M

M
E

T
E

R
 R

E
A

D
IN

G
 

V
O

L
T

M
E

T
E

R
 R

E
A

D
IN

G
 

A
 

D
ec

re
a

se
s 

In
cr

ea
se

s 
B

 
In

cr
ea

se
s 

In
cr

ea
se

s 
C

 
In

cr
ea

se
s 

D
ec

re
a

se
s 

D
 

D
ec

re
as

es
 

D
ec

re
a

se
s 

(2
) 

 V
 

 A
 

R
 

r 

P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
7

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 t
ur

n 
ov

e
r 

1.
1

0 
T

he
 s

od
iu

m
 c

a
th

od
e 

of
 a

 p
ho

to
ce

ll 
is

 ir
ra

d
ia

te
d 

w
ith

 u
ltr

av
io

le
t 

lig
h

t 
as

 s
ho

w
n 

in
 th

e 
d

ia
gr

am
 b

e
lo

w
. 

T
he

 a
m

m
e

te
r 

re
gi

st
e

rs
 a

 c
u

rr
e

nt
. 

W
hi

ch
 O

N
E

 o
f 

th
e

 fo
llo

w
in

g 
ch

a
n

ge
s 

w
ill

 I
N

C
R

E
A

S
E

 th
e

 a
m

m
e

te
r 

re
a

d
in

g?
 

A
 

B
 

C
 

D
 

U
se

 a
 th

in
ne

r 
so

d
iu

m
 c

at
ho

de
. 

In
cr

ea
se

 t
h

e 
in

te
n

si
ty

 o
f 

th
e

 u
ltr

a
vi

o
le

t l
ig

h
t.

 

In
cr

ea
se

 t
h

e 
fr

e
qu

en
cy

 o
f 

th
e

 u
ltr

av
io

le
t 

lig
ht

. 

R
ep

la
ce

 t
he

 s
od

iu
m

 c
at

h
od

e
 w

ith
 a

 c
at

h
od

e
 o

f 
lo

w
e

r 
w

o
rk

 f
un

ct
io

n.
 

(2
) 

[2
0

] 

so
di

um
 c

at
ho

de
 

ul
tr

av
io

le
t 

lig
h

t 

 D
C

 s
o

ur
ce

 
A

 



P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
8

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 tu
rn

 o
ve

r 

Q
U

E
S

T
IO

N
 2

 (
S

ta
rt

 o
n

 a
 n

ew
 p

ag
e.

) 

A
 2

0 
kg

 b
lo

ck
, 

re
st

in
g

 o
n

 a
 r

o
u

gh
 h

or
iz

on
ta

l s
u

rf
ac

e
, i

s 
co

nn
e

ct
e

d 
to

 b
lo

ck
s 

P
 a

n
d 

Q
 b

y 
a 

lig
h

t 
in

e
xt

e
ns

ib
le

 s
tr

in
g 

m
ov

in
g 

o
ve

r 
a

 f
ric

tio
nl

es
s 

pu
lle

y.
 B

lo
ck

s 
P

 a
nd

 Q
 a

re
 g

lu
e

d 
to

ge
th

e
r 

an
d 

h
av

e
 a

 c
om

bi
ne

d
 m

as
s 

of
 m

. 
 

A
 f

o
rc

e 
of

 3
5

 N
 is

 n
o

w
 a

p
pl

ie
d 

to
 t

he
 2

0
 k

g 
b

lo
ck

 a
t 

an
 a

n
gl

e 
o

f 
40

° 
w

ith
 t

h
e 

ho
riz

o
nt

al
, 

as
 s

ho
w

n
 b

el
o

w
. 

T
he

 2
0

 k
g 

bl
o

ck
 e

xp
er

ie
n

ce
s 

a
 f

ric
tio

na
l 

fo
rc

e 
of

 m
a

gn
itu

de
 5

 N
 a

s 
it 

m
ov

e
s 

to
 t

he
 

R
IG

H
T

 a
t 

a 
C

O
N

S
T

A
N

T
 S

P
E

E
D

. 

2.
1 

D
ef

in
e

 th
e

 te
rm

 n
o

rm
al

 f
o

rc
e

. 
(2

) 

2.
2 

D
ra

w
 a

 la
be

lle
d 

fr
ee

-b
od

y 
di

a
gr

am
 o

f t
h

e 
20

 k
g 

b
lo

ck
. 

(5
) 

2.
3 

C
al

cu
la

te
 t

h
e

 c
om

b
in

ed
 m

as
s 

m
 o

f 
th

e
 tw

o 
bl

o
ck

s.
 

(5
) 

2.
4 

A
t a

 c
er

ta
in

 s
ta

ge
 o

f 
th

e
 m

ot
io

n,
 b

lo
ck

 Q
 b

re
ak

s 
of

f 
an

d 
fa

lls
 d

o
w

n
. 

H
ow

 w
ill

 E
A

C
H

 o
f 

th
e

 fo
llo

w
in

g
 b

e
 a

ffe
ct

e
d 

w
h

en
 th

is
 h

ap
pe

ns
? 

2.
4

.1
 

T
he

 te
ns

io
n 

in
 th

e 
st

rin
g

 
C

ho
os

e 
fr

o
m

 IN
C

R
E

A
S

E
S

, 
D

E
C

R
E

A
S

E
S

 o
r 

R
E

M
A

IN
S

 T
H

E
 S

A
M

E
. 

(1
) 

2
.4

.2
 

T
he

 v
el

oc
ity

 o
f 

th
e 

2
0 

kg
 b

lo
ck

 
E

xp
la

in
 t

he
 a

ns
w

e
r.

 
(3

) 
[1

6
] 

35
 N

 40
° 

20
 k

g 

m
 

Q
 

P
 

P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
9

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 t
ur

n 
ov

e
r 

Q
U

E
S

T
IO

N
 3

 (
S

ta
rt

 o
n

 a
 n

ew
 p

ag
e.

) 

A
 s

m
al

l b
a

ll 
is

 d
ro

pp
e

d 
fr

om
 a

 h
e

ig
ht

 o
f 

2
 m

 a
n

d
 b

o
un

ce
s 

a
 f

e
w

 t
im

e
s 

af
te

r 
la

nd
in

g 
on

 
a 

ce
m

e
n

t f
lo

o
r.

 Ig
no

re
 a

ir 
fr

ic
tio

n
. 

T
he

 p
os

iti
on

-t
im

e 
g

ra
ph

 b
el

o
w

, n
ot

 d
ra

w
n 

to
 s

ca
le

, 
re

p
re

se
nt

s 
th

e 
m

o
tio

n 
o

f t
h

e 
ba

ll.
 

3.
1 

D
ef

in
e

 th
e

 te
rm

 f
re

e
 fa

ll.
  

(2
) 

3.
2 

U
se

 th
e 

gr
a

p
h

 a
n

d
 d

e
te

rm
in

e:
 

3
.2

.1
 

T
he

 t
im

e 
th

at
 t

he
 b

al
l 

is
 i

n 
co

n
ta

ct
 w

ith
 t

he
 f

lo
o

r 
be

fo
re

 t
he

 f
ir

st
 

bo
un

ce
 

(2
) 

3.
2.

2 
T

he
 t

im
e

 i
t 

ta
ke

s 
th

e
 b

a
ll 

to
 r

ea
ch

 i
ts

 m
ax

im
u

m
 h

ei
g

ht
 a

fte
r 

th
e

 f
irs

t 
bo

un
ce

 
(2

) 

3.
2.

3 
T

he
 s

pe
ed

 a
t 

w
h

ic
h

 th
e 

b
a

ll 
le

av
e

s 
th

e
 f

lo
o

r 
at

 t
h

e 
fir

st
 b

o
un

ce
 

(3
) 

3.
2.

4 
T

im
e

 t
 in

d
ic

a
te

d 
on

 t
he

 g
ra

p
h

 
(6

) 
[1

5
] 

Position (m) 

T
im

e
 (

s)
 

2
 

1,
85

 

1,
2 

0,
6

4 
0,

6
7 

1,
9

0 
1,

9
7 

t 
0

 



P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
10

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 tu
rn

 o
ve

r 

Q
U

E
S

T
IO

N
 4

 (
S

ta
rt

 o
n

 a
 n

ew
 p

ag
e.

) 

B
al

l 
P

 o
f 

m
a

ss
 0

,1
6

 k
g,

 m
ov

in
g

 e
a

st
 a

t 
a 

sp
e

ed
 o

f 
-1

, 
co

lli
d

e
s 

h
ea

d-
on

 w
ith

an
ot

h
er

 b
a

ll 
Q

 o
f 

m
as

s 
0,

2 
kg

, 
m

o
vi

ng
 w

e
st

 a
t 

a 
sp

ee
d 

of
 

-1
. 

A
fte

r 
th

e 
co

lli
si

on
,

ba
ll 

P
 m

o
ve

s 
w

e
st

 a
t 

-1
, a

s 
sh

ow
n

 in
 th

e 
d

ia
gr

am
 b

e
lo

w
.

Ig
no

re
 th

e 
ef

fe
ct

s 
o

f 
fr

ic
tio

n
 a

n
d 

th
e 

ro
ta

tio
na

l e
ff

ec
ts

 o
f 

th
e 

ba
lls

. 

4.
1 

D
ef

in
e

 th
e

 te
rm

 m
o

m
en

tu
m

 in
 w

o
rd

s.
 

(2
) 

4.
2 

C
al

cu
la

te
 t

h
e

: 

4.
2

.1
 

V
el

oc
ity

 o
f b

a
ll 

Q
 a

fte
r 

th
e

 c
ol

lis
io

n
 

(5
) 

4.
2

.2
 

M
ag

ni
tu

de
 o

f 
th

e
 im

p
ul

se
 o

n
 b

a
ll 

P
 d

u
rin

g
 th

e 
co

lli
si

on
 

(3
) 

[1
0

] 

W
 

S
 

E
 

N
 

 B
E

F
O

R
E

 C
O

L
L

IS
IO

N
 

P
 

Q
 

P
 

Q
 

A
F

T
E

R
 C

O
L

L
IS

IO
N

 

-1
-1

-1

P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
11

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 t
ur

n 
ov

e
r 

Q
U

E
S

T
IO

N
 5

 (
S

ta
rt

 o
n

 a
 n

ew
 p

a
g

e.
) 

A
 

ro
lle

r-
co

as
te

r 
ca

r 
of

 
m

a
ss

 
2

00
 

kg
, 

w
ith

 
th

e
 

en
gi

n
e

 
sw

itc
he

d 
o

ff
, 

tr
av

el
s 

a
lo

ng
 

tr
ac

k 
A

B
C

 w
h

ic
h 

ha
s 

a
 r

o
ug

h 
su

rf
a

ce
, 

a
s 

sh
o

w
n

 i
n

 t
h

e 
d

ia
gr

am
 b

el
ow

. 
A

t 
po

in
t 

A
, 

w
h

ic
h

 is
 1

0
 m

 a
bo

ve
 t

he
 g

ro
u

n
d,

 t
h

e 
sp

ee
d

 o
f 

th
e

 c
a

r 
is

 4
 m

·s
-1

.  

A
t 

p
oi

nt
 B

, 
w

h
ic

h 
is

 a
t 

a
 h

e
ig

h
t 

h
 a

bo
ve

 t
h

e 
gr

ou
n

d
, 

th
e 

sp
ee

d 
of

 t
he

 c
a

r 
is

 2
 m

·s
-1

. 
D

ur
in

g 
th

e 
m

ot
io

n
 f

ro
m

 p
o

in
t 

A
 t

o 
p

o
in

t 
B

, 
3,

4
0

 ×
 1

0
3  J

 o
f 

en
e

rg
y 

is
 u

se
d

 t
o

 o
ve

rc
om

e 
fr

ic
tio

n.
 

Ig
no

re
 r

ot
a

tio
n

al
 e

ff
e

ct
s 

d
ue

 to
 th

e 
w

h
e

e
ls

 o
f t

h
e

 c
a

r.
 

5.
1 

D
ef

in
e

 th
e

 te
rm

 n
on

-c
on

se
rv

at
iv

e
 fo

rc
e

. 
(2

) 

5.
2 

C
al

cu
la

te
 t

h
e 

ch
an

g
e 

in
 t

h
e 

ki
ne

tic
 e

ne
rg

y 
of

 t
h

e 
ca

r 
af

te
r 

it 
ha

s 
tr

a
ve

lle
d 

fr
om

 
po

in
t 

A
 to

 p
o

in
t B

. 
(3

) 

5.
3 

U
se

 e
ne

rg
y 

pr
in

ci
pl

es
 t

o 
ca

lc
ul

at
e 

th
e

 h
e

ig
ht

 h
. 

(4
) 

O
n

 r
e

a
ch

in
g 

p
oi

n
t 

B
, 

th
e 

ca
r's

 e
ng

in
e

 is
 s

w
itc

h
e

d 
on

 in
 o

rd
er

 t
o

 m
ov

e
 u

p
 t

he
 in

cl
in

e 
to

 
po

in
t 

C
, 

w
h

ic
h 

is
 2

2
 m

 a
b

ov
e 

th
e

 g
ro

un
d.

 W
hi

le
 m

o
vi

ng
 f

ro
m

 p
o

in
t 

B
 t

o 
po

in
t 

C
, 

th
e

 c
ar

 
tr

av
el

s 
fo

r 
15

 s
 a

t 
a

 c
on

st
a

nt
 s

p
ee

d
 o

f 
2

 m
·s

-1
, 

w
h

ile
 a

n
 a

ve
ra

ge
 f

ric
tio

na
l f

o
rc

e 
o

f 
5

0 
N

 
ac

ts
 o

n 
it.

  

5.
4 

C
al

cu
la

te
 t

h
e 

p
o

w
e

r 
de

liv
e

re
d 

by
 t

h
e 

en
g

in
e 

to
 m

o
ve

 t
h

e 
ca

r 
fr

om
 p

o
in

t 
B

 t
o

 
po

in
t 

C
. 

(5
) 

[1
4

] 

A
 

10
 m

 
h 

B
 

C
 22

 m
 

4 
m

·s
-1

 
2 

m
·s

-1
 



P
h

ys
ic

al
 S

ci
en

ce
s/

P
1

 
12

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 tu
rn

 o
ve

r 

Frequency (Hz) 

3 
1

48
 

2 
0

73
 0
 

 t
1 

 T
im

e
 (

s)
 

T
he

 s
ire

n
 o

f 
a

 t
ra

in
, 

m
ov

in
g 

at
 a

 c
on

st
a

nt
 s

pe
ed

 a
lo

n
g 

a 
st
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h
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tio
nl

es
s 

ho
ri

zo
nt

al
 s

u
rf
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e

. W
h

en
 a

 fo
rc

e
 F
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 a

pp
lie

d 
on
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e 

tr
ol

le
y,
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 a

cc
e
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ra

te
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w
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n 
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ce

le
ra

tio
n 

of
 a

 a
s 

sh
o

w
n 

in
 F

IG
U

R
E

 1
. 

A
 1

 k
g

 m
as

s 
pi

ec
e

 is
 t

h
en

 p
la

ce
d 
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th
e 

tr
o

lle
y 

w
ith
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e 

2
 k

g
 m
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s 
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ec

e
 a

nd
 th

e
 s

a
m

e
 fo

rc
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F
 is

 a
pp

lie
d 

on
 th

e 
tr

o
lle

y 
as

 s
ho

w
n 

in
 F

IG
U

R
E
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. 

 
 

 

W
h

at
 w

ill
 b

e
 t

he
 a

cc
el

e
ra

tio
n 

o
f 

th
e

 tr
ol

le
y 

in
 F

IG
U

R
E
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? 

A
 

 a
 

B
 

 a
 

C
 

 a
 

D
 

 a
 

(2
)  

2 
kg
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 k

g
 

M
as

s 
p

ie
ce

 

F
 

F
IG

U
R

E
 1

 

2 
kg

 

 1
 k

g
 

M
as
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pi

ec
e

 

2 
kg
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s 

p
ie

ce
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F
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U
R

E
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o
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yr
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ht

 r
e
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rv

e
d 

P
le
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e

 tu
rn

 o
ve

r 

1.
3  

T
w

o 
ca

rs
 a

re
 i

nv
ol

ve
d

 i
n 

an
 I

N
E

LA
S

T
IC

 h
e

ad
-o

n 
co

lli
si

on
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W
hi

ch
 O

N
E

 o
f 

th
e 

fo
llo

w
in

g 
co

m
b

in
at

io
ns

 c
o

rr
ec

tly
 d

es
cr

ib
es

 th
e 

ki
ne

tic
 e

ne
rg

y 
an

d 
th

e
 m

o
m

en
tu

m
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 th

e 
sy

st
em

? T
O

T
A

L
 K

IN
E

T
IC

 E
N

E
R

G
Y

 
T

O
T

A
L

 M
O

M
E

N
T

U
M

 
A

 
N

ot
 c

o
ns

er
ve

d 
C

on
se

rv
ed

 

B
 

C
on

se
rv

ed
 

N
o

t 
co

ns
er

ve
d 

C
 

C
on

se
rv

ed
 

C
on

se
rv

ed
 

D
 

N
ot

 c
o

ns
er

ve
d 

N
o

t 
co

ns
er

ve
d 

(2
)  

1.
4  

T
he

 g
ra

ph
 b

el
o

w
 s

ho
w

s 
th

e 
re

la
tio

ns
h

ip
 b

et
w

ee
n

 th
e 

po
w

er
 d

e
liv

er
e

d
 b

y 
th

e
 

en
g

in
e

 o
f 

a 
ca

r 
an

d 
th

e 
a

ve
ra

g
e 

sp
ee

d 
of

 t
h

e
 c

ar
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T
he

 g
ra

d
ie

n
t o

f t
he

 a
bo

ve
 g

ra
ph

 r
e

pr
es

en
ts

 th
e 

A
 

m
om

en
tu

m
 o

f 
th

e
 c

ar
. 

B
 

w
or

k 
do

n
e 

by
 t

h
e 

en
gi

ne
 o

f t
he

 c
ar

. 

C
 

ki
ne

tic
 e

ne
rg

y 
o

f t
he

 c
ar

. 

D
 

ap
pl

ie
d 

fo
rc

e
 o

f 
th

e 
en

gi
ne

 o
n

 th
e

 c
a

r.
 

(2
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P
 (

W
) 

v 
(m
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-1

) 

(E
C

/S
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P
T

E
M

B
E

R
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0
2

0
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P
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Y
S
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L
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C
IE

N
C

E
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C
o

p
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ht

 r
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er
ve
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tu

rn
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ve
r 

1.
5 

A
 b

a
ll 

is
 d

ro
p

pe
d 

fr
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 c

e
rt

ai
n

 h
ei

gh
t. 

W
h

ic
h 

O
N

E
 o

f t
he

 p
os

iti
o

n 
ve

rs
u

s 
tim

e
 

gr
a

ph
s 

be
lo

w
 b

e
st

 r
ep

re
se

nt
s 
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e

 m
ot
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A
 

 

B
 

C
 

D
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1.
6 

 is
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h
e

 m
ai

n 
p
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p
le
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p
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ie

d 
w

he
n 

m
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su
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g 
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f 
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od

 fl
ow

 o
r 
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e 

he
a
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b
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a 

fe
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e 
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o

m
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A
 

P
ho
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el

ec
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e
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D
op

p
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D
 

D
iff

ra
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n 

(2
)  

)  

X
 (

m
)  

X
 (

m
)  

)  

X
 (

m
)  

)  

X
 (

m
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)  
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 r
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le
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ce

 b
et
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o
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o
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t 
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s 
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a

 d
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n
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 d
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n
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et
w

ee
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e 
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 c
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ng
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n
d 
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e 
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e
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 c
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ew

 d
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n

ce
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et
w

ee
n
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oi

nt
 

ch
ar

ge
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rm
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B
 

 r
 

C
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D
 

 r
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1.
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T
hr

e
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id
en

tic
al

 r
es
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 a

re
 c

o
nn

e
ct

ed
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o 
a 
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tte

ry
 a

s 
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o
w
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o

n
 t
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 c

ir
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it 
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e
lo

w
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 r
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is
ta

n
ce

 o
f 

th
e 
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nn

ec
tin

g 
w

ire
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n 

be
 ig

no
re

d.
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f 

th
e 
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w
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g 
be

st
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e
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es
en
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 r

el
at
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n

sh
ip

 b
et

w
e

en
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n
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f 
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vo

ltm
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e
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A
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B
 

V
1 

=
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2
 

C
 

V
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D
 

V
1 
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+
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Y
 

r  

V
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r
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T
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 r
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ve
r 

1.
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T
he

 m
ax
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m

f o
f 
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C
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en
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o

r 
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n
 b
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 c
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 c
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l t
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th
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a
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r 

w
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 d
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(ii
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e
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h 

a
p
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e

 c
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te
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de
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nd
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n

tly
.

(ii
i)

th
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cu
rr

en
t s

up
p

ly
 to

 e
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h
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p
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n

ce
 w

ill
 b

e 
h
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h

e
r.

(iv
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ch
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pp
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n

ce
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ill
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m
a
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m
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o
lta

ge
.
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hi
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N
E
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f 

th
e

 f
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lo
w

in
g

 c
o

m
b

in
at

io
n

s 
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o
u
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a
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 f
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e
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in
g
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p
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 in
 p
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al

le
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a
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ou

se
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 c
o

rr
e
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? 

A
 

(i
)

an
d 

(ii
) 

on
ly

B
 

(i
),

 (
ii)
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nd

 (
iii

) 
on

ly
 

C
 

(i
i)

, 
(ii

i)
 a

nd
 (

iv
) 

o
nl

y 

D
 

(i
),

 (
ii)

, 
(ii

i)
 a

nd
 (

iv
) 

(2
)  
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0

]
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g

 b
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ck
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h
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h 
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n
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 p
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 b
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W

he
n

 th
e
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t 

a
n 
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e 
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o 
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e 
h
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o
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e 
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oc
k 

m
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e
s 

do
w

n
w
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d
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s 
sh

ow
n

 b
y 
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e 
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w
 a

lo
ng
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de
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e 

d
ia

g
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m
) 

at
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 C
O

N
S

T
A

N
T
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E

L
O

C
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Y
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2.
1  

S
ec

on
d

 L
a

w
 o

f m
ot

io
n 

in
 w

or
ds

. 
(2

)  

2.
2  

D
ra

w
 a

 la
b

el
le

d
 fr

e
e-

bo
d

y 
d

ia
g

ra
m

 o
f a

ll 
fo

rc
es

 a
ct

in
g

 o
n 

th
e

 2
2 

kg
 b

lo
ck

. 
(4

)  

2.
3  

A
 c

o
n

st
a

nt
 f

ric
tio

na
l 

fo
rc

e 
of

 4
3

,8
6

 N
 a

ct
s 

on
 t

h
e 

22
 k

g 
bl

o
ck
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C

al
cu

la
te

 t
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m
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tu
de

 o
f 

th
e 

a
ng

le
 

 t
ha

t 
w

ill
 k

e
ep

 t
h

e 
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st
e

m
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 c
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2.
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A
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o
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w
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2
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 b
lo

ck
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l f
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 f
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l f
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 o
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 d
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of

 a
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0
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g
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p
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A
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A
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1
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 s
 t
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 b
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l p

as
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s 
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o
p 

ed
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f 
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w
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w
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n
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 b
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o
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 g
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u
n

d
 e
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rt
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a

 fo
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e
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f 
20

5 
N

 o
n 

th
e 

ba
ll 

a
n

d 
it 

b
ou

n
ce

s 
of

f t
o 

, w
hi

ch
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t 

th
e 

sa
m

e
 le

ve
l a

s 
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e 
lo

w
er

 e
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e
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w
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s 

sh
o

w
n 
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 d
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e
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a
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 c
o
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gr

ou
nd

 fo
r 
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. I
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he
: 

3.
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el
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f 
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e 
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ll 

af
te

r 
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n

ds
 

(3
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3.
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D
is
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en

t 
of
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 b
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l a
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1
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 s

 o
f 
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ot
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e
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e
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 b
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el
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ch
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 b
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n
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 o
ff 

th
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un
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n
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d
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b
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 c
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 d
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 b
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e 
o

rig
in

al
 p

os
iti

on
 o

f 
th
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f t
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tte

r (
A

–D
) n

ex
t t

o 
th

e 
qu

es
tio

n 
nu

m
be

rs
 (1

.1
 to

 1
.1

0)
 in

 
th

e 
AN

SW
ER
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O

O
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.g

. 1
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h 
qu

es
tio

n 
ha

s 
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ly
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N
E 
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ct
 a
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w
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1.
1 

W
hi

ch
 p

hy
si

ca
l q

ua
nt

ity
 is

 e
qu

al
 to

 th
e 

ra
te

 o
f c

ha
ng

e 
of

 m
om

en
tu

m
? 

 

A B C
 

D
 

M
as

s 

Im
pu

ls
e 

N
et

 f o
rc

e 

Ac
ce

le
ra

tio
n 

(2
) 

1.
2 

Th
e 

gr
av

ita
tio

na
l a

cc
el

er
at

io
n 

on
 th

e 
su

rfa
ce

 o
f a

 p
la

ne
t o

f r
ad

iu
s 

R
 is

 g
. 

Th
e 

gr
av

ita
tio

na
l a

cc
el

er
at

io
n 

at
 a

 h
ei

gh
t o

f 2
R

 a
bo

ve
 th

e 
su

rfa
ce

 o
f t

he
 s

am
e 

pl
an

et
 is

 …
 

A B C
 

D
  

9g 4g 4g
 

9g
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) 

1.
3 

A 
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ll 
fa

lls
 fr
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 th

e 
ed

ge
 o

f a
 ta

bl
e.

 Ig
no

re
 th

e 
ef

fe
ct

s 
of

 a
ir 

fri
ct

io
n.
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N
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d 
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ith
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e 
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ll 
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g 
th
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ll 
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m
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 c
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an
t?

 

A B C
 

D
  

W
ei

gh
t 

M
om

en
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m
 

Ki
ne

tic
 e

n e
rg

y  
 

G
ra

vi
ta

tio
na

l p
ot

e n
tia

l e
ne
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y 

(2
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yr
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se
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ve
r 

1.
4 

Tw
o 

tro
lle

ys
, X

 a
nd

 Y
, o

f m
as

se
s 

m
 a

nd
 2

m
 re

sp
ec

tiv
el

y,
 a

re
 h

el
d 

to
ge

th
er

 b
y 

a 
co

m
pr

es
se

d 
sp

rin
g 

be
tw

ee
n 

th
em

. 
In

iti
al

ly
 

th
ey

 
ar

e 
st

at
io

na
ry

 
on

 
a 

ho
riz

on
ta

l f
lo

or
, a

s 
sh

ow
n 

be
lo

w
. I

gn
or

e 
th

e 
ef

fe
ct

s 
of

 fr
ic

tio
n.

 

Th
e 

sp
rin

g 
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ow

 re
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ed
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nd
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lls

 to
 th

e 
flo
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hi
le

 th
e 

tro
lle

ys
 m

ov
e 

ap
ar

t. 

Th
e 

m
ag

ni
tu

de
 o

f t
he

 M
O

M
EN

TU
M

 o
f t

ro
lle

y 
X 

w
hi

le
 it

 m
ov

es
 a

w
ay

 is
 …

 

A B C
 

D
  

ze
ro

. 

ha
lf 

th
e 

m
ag

ni
tu
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 o

f t
he

 m
om

en
tu

m
 o

f t
ro

lle
y 

Y.
  

tw
ic

e 
th

e 
m

ag
ni

tu
de

 o
f t

he
 m

om
en

tu
m

 o
f t

ro
lle

y 
Y.

  

th
e 

s a
m

e 
as

 th
e 

m
ag

ni
tu

de
 o

f t
he

 m
om

en
tu

m
 o

f t
ro

lle
y 

Y.
   

(2
) 

1.
5 

An
 o

bj
ec

t i
s 

dr
op

pe
d 

fro
m

 r
es

t a
nd

 a
fte

r 
fa

llin
g 

a 
di

st
an

ce
 x

, i
ts

 m
om

en
tu

m
 

is
 p

. I
gn

or
e 

th
e 

ef
fe

ct
s 

of
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ir 
fri

ct
io

n.
 

T h
e 

m
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en
tu

m
 o

f t
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 o
bj

ec
t, 

af
te

r i
t h

as
 fa

lle
n 

a 
di

st
an

ce
 2

x,
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 …
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) 

1.
6 

A 
po

lic
e 

ca
r, 

w
ith

 it
s 

si
re

n 
on

, 
is

 t
ra

ve
llin

g 
at

 a
 c

on
st

an
t 

sp
ee

d 
TO

W
AR

D
S 

 
a 

st
at

io
na

ry
 s

ou
nd

 d
et

ec
to

r. 
Th

e 
si

re
n 
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nd
 w
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 o
f f
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en
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 f 
an

d 
sp

ee
d 
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W
hi

ch
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N
E 

of
 th
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w
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g 
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m
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tio
ns
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t d
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 th

e 
fre

qu
en
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 a
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ee

d 
of

 th
e 

de
te
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? 
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A 
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 th
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 th

an
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 th
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C
 

G
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an
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 f 
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1.
7 

Tw
o 

id
en

tic
al

 s
ph

er
es

, 
R

 a
nd

 S
, 

on
 i

ns
ul

at
ed

 s
ta

nd
s,

 c
ar

ry
in

g 
ch

ar
ge

s 
of

  
+q

 a
nd

 -
q 

re
sp

ec
tiv

el
y,

 a
re

 p
la

ce
d 

a 
di

st
an

ce
 a

pa
rt.

 S
ph

er
e 

R
 e

xe
rts

 a
n

el
ec

tro
st

at
ic

 fo
rc

e 
of

 m
ag

ni
tu

de
 F

 o
n 

sp
he

re
 S

.

T h
e 

tw
o 

sp
he

re
s 

ar
e 

no
w

 b
ro

ug
ht

 in
to

 c
on

ta
ct

 a
nd

 r
et

ur
ne

d 
to

 th
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r 
or

ig
in

al
 

po
si

tio
ns

.  

Th
e 

m
ag

ni
tu

de
 o

f t
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 e
le

ct
ro

st
at

ic
 fo

rc
e 

th
at

 s
ph

er
e 

R
 e

xe
rts

 o
n 

sp
he

re
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w

 …
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hi
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s 
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w

 b
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t 
re

pr
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en
ts
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 r
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at
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p 
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n 
po

te
nt
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l d

iff
er

en
ce

 (V
) a

nd
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ur
re

nt
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) f
or

 a
n 

oh
m

ic
 c

on
du

ct
or

? 

A 
 

B 

C
 

 

D
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I 
0 

V 
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1.
9 

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

co
m

bi
na

tio
ns

 re
ga

rd
in

g 
th

e 
en

er
gy

 c
on

ve
rs

io
ns

 in
 

el
ec

tri
c 

m
ot

or
s 

an
d 

el
ec

tri
c 

ge
ne

ra
to

rs
 is

 C
O

R
R

EC
T?

 

EN
ER

G
Y 

C
O

N
VE

R
SI

O
N

 IN
 

M
O

TO
R

S 
EN

ER
G

Y 
C

O
N

VE
R

SI
O

N
 IN

 
G

EN
ER

AT
O

R
S 

A 
M

ec
ha

ni
ca

l t
o 

el
ec

tri
ca

l 
El

ec
tri

ca
l t

o 
m

ec
ha

ni
ca

l 
B 

M
ec

ha
ni

ca
l t

o 
el

ec
tri

ca
l 

M
ec

ha
ni

ca
l t

o 
el

ec
tri

ca
l 

C
 

El
ec

tri
ca

l t
o 

m
ec

ha
ni

ca
l 

El
ec

tri
ca

l t
o 

m
ec

ha
ni

ca
l 

D
 

El
ec

tri
ca

l t
o 

m
ec

ha
ni

ca
l 

M
ec

ha
ni

ca
l t

o 
el

ec
tri

ca
l 

(2
) 

1.
10

 
C

on
si

de
r t

he
 s

ta
te

m
en

ts
 b

el
ow

 re
ga

rd
in

g 
th

e 
ph

ot
oe

le
ct

ric
 e

ffe
ct

. 

Th
e 

ph
ot

oe
le

ct
ric

 e
ffe

ct
 p

ro
ve

s 
th

at
 …

 

(i )
lig

ht
 e

ne
rg

y 
is

 q
ua

nt
is

ed
.

(i i
)

lig
ht

 h
as

 a
 p

ar
tic

le
 n

at
ur

e.

(i i
i)

lig
ht

 h
as

 a
 w

av
e 

na
tu

re
.

W
hi

ch
 o

f t
he

 s
ta

te
m

en
ts

 a
bo

ve
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/a
re

 C
O

R
R

EC
T?

 

A B C
 

D
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 a
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y 
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n 
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ne

w
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e.

) 

Bl
oc

k 
P,

 o
f m
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s 

2 
kg

, i
s 

co
nn
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te

d 
to

 b
lo

ck
 Q

, o
f m
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s 

3 
kg

, b
y 

a 
lig

ht
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ex
te
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ib
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st
rin

g.
 B

ot
h 
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oc
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 a
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n 
a 
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an
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in

ed
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t a
n 
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of
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Bl
oc

k 
Q

 is
 p

ul
le

d 
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 a
 c
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an
t f

or
ce

 o
f 4

0 
N

 a
t a

n 
an

gl
e 
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5°
 to

 th
e 
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Bl
oc

k 
P 

m
ov
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 o

n 
a 

ro
ug

h 
se

ct
io

n,
 A

B
, 

of
 t

he
 i

nc
lin

e,
 w

hi
le

 b
lo

ck
 Q

 m
ov

es
 o

n 
a 

fri
ct

io
nl
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s 
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io
n ,

 B
C,

 o
f t

he
 in

cl
in

e.
 S

ee
 d

ia
gr

am
 b
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ow

.  

An
 a

ve
ra

ge
 c

on
st

an
t f

ric
tio

na
l f

or
ce

 o
f 2

,5
 N

 a
ct

s 
on

 b
lo

ck
 P

 a
s 

it 
m

ov
es

 fr
om

 A
 to

 B
 

up
 th

e 
in

cl
in

e.
 

2.
1 

St
at

e 
N

ew
to

n'
s 

Se
co

nd
 L

aw
 in

 w
or

ds
. 

(2
) 

2.
2 

D
ra

w
 a

 la
be

lle
d 

fre
e-

bo
dy

 d
ia

gr
am

 fo
r b

lo
ck

 P
. 

(4
) 

2.
3 

C
al

cu
la

te
 th

e 
m

ag
ni

tu
de

 o
f t

he
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cc
el

er
at

io
n 

of
 b

lo
ck
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 w

hi
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 b
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ck
 P
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g 
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n 
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.  

 
(8

) 

2.
4 

If 
bl
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k 

P 
ha
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no

w
 p
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se

d 
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in
t B

, h
ow

 w
ill 
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el

er
at

io
n 
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m

pa
re

 to
 th

at
 

ca
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ul
at

ed
 i

n  
Q

U
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TI
O

N
 2

.3
? 

C
ho

os
e 

fro
m

 G
R

EA
TE

R
 T

H
AN
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SM
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LE

R
 

TH
AN

 o
r E

Q
U
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 T

O
. 

G
iv

e 
a 

re
as

on
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r t
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w
er

. 
(2

) 
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U
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 (S

ta
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 o
n 
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ne

w
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ag
e.

) 

St
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e 
A 

is
 th
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w

n 
ve

rti
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lly
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ar

ds
 w
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 s
pe

ed
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f 1
0 

m
∙s

-1
 fro

m
 th

e 
ed

ge
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f t
he
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of
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 a
 4

0 
m

 h
ig

h 
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ild
in
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s 
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n 

in
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m
 b
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. 
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re
 th

e 
ef

fe
ct

s 
of

 a
ir 

fri
ct

io
n.

 T
ak

e 
th

e 
gr

ou
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s 
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fe

re
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e.
 

3.
1 

D
ef

in
e 

th
e 

te
rm

 fr
ee

 fa
ll.

  
(2

) 

3.
2 

C
al

cu
la

te
 th

e 
m

ax
im

um
 H

EI
G

H
T 

AB
O

VE
 T

H
E 

G
R

O
U

N
D

 re
ac

he
d 

by
 s

to
ne

 A
. 

(4
) 

3.
3 

W
rit

e 
do

w
n 

th
e 

m
ag

ni
tu

de
 a

nd
 d

ire
ct

io
n 

of
 th

e 
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ce
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ra
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n 
of

 s
to

ne
 A

 a
t t

hi
s 

m
ax

im
um

 h
ei

gh
t. 

(2
) 

St
on

e 
B

 is
 d

ro
pp

ed
 fr

om
 r

es
t f

ro
m

 th
e 

ed
ge

 o
f t

he
 ro

of
, x

 s
ec

on
ds

 a
fte

r 
st

on
e 

A 
w

as
 

th
ro

w
n 

up
w

ar
ds

.  

3.
4 

St
on

e 
A 

pa
ss

es
 s

to
ne

 B
 w

he
n 

th
e 

tw
o 

st
on

es
 a

re
 2

9,
74

 m
 a

bo
ve

 th
e 

gr
ou

nd
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C
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la

te
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e 
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lu
e 

of
 x

. 
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) 
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Th
e 
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 o

f p
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 v
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s 

tim
e 

fo
r 

pa
rt 

of
 th

e 
m

ot
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n 
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 b
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h 
st
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es
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w
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re
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e 
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3.
5.

1 
Th

e 
tim

e 
at

 w
hi
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to
ne

 A
 h
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 a

 p
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iti
ve

 v
el
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ity

 
(1

) 

3.
5.

2 
Th

e 
m

ax
im

um
 h

ei
gh

t r
ea

ch
ed

 b
y 

st
on

e 
A 

(1
) 

3.
5.

3 
Th

e 
tim

e 
w

he
n 

st
on

e 
B

 w
as

 d
ro

pp
ed

 
(1

) 

3.
5.

4 
Th

e 
he

ig
ht

 a
t w

hi
ch

 th
e 

st
on

es
 p
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s 

ea
ch

 o
th

er
 

(1
) 

[1
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0 

m
∙s

-1
 

80
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∙s

-1
 

   
Fi

xe
d 

w
oo

de
n 

bl
oc

k 

W
 

S 

E 

N
 

Q
U

ES
TI

O
N

 4
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

A 
bu

lle
t m

ov
es

 e
as

t a
t a

 v
el

oc
ity

 o
f 4

80
 m
∙s

-1
. I

t h
its

 a
 w

oo
de

n 
bl

oc
k 

th
at

 is
 fi

xe
d 

to
 th

e 
flo

or
. T

he
 b

ul
le

t t
ak

es
 0

,0
1 

s 
to

 m
ov

e 
th

ro
ug

h 
th

e 
st

at
io

na
ry

 b
lo

ck
 a

nd
 e

m
er

ge
s 

fro
m

 
th

e 
bl

oc
k 

at
 a

 v
el

oc
ity

 o
f 8

0 
m
∙s

-1
 e

as
t. 

Se
e 

th
e 

di
ag

ra
m

 b
el

ow
.  

Ig
no

re
 th

e 
ef

fe
ct

s 
of

 a
ir 

re
si

st
an

ce
. 

C
on

si
de

r t
he

 b
lo

ck
-b

ul
le

t s
ys

te
m

 a
s 

an
 is

ol
at

ed
 s

ys
te

m
. 

4.
1 

Ex
pl

ai
n 

w
ha

t i
s 

m
ea

nt
 b

y 
an

 is
ol

at
ed

 s
ys

te
m

 a
s 

us
ed

 in
 P

hy
si

cs
.  

(2
) 

Th
e 

m
ag

ni
tu

de
 o

f t
he

 m
om

en
tu

m
 o

f t
he

 b
ul

le
t b

ef
or

e 
it 

en
te

rs
 th

e 
bl

oc
k 

is
 2

4 
kg
∙m
∙s

-1
. 

4.
2.

1 
M

as
s 

of
 th

e 
bu

lle
t 

(3
) 

4.
2.

2 
Av

er
ag

e 
ne

t f
or

ce
 e

xe
rte

d 
by

 th
e 

w
oo

de
n 

bl
oc

k 
on

 th
e 

bu
lle

t 
(5

) 
[1

0]
 

4.
2 

C
al

cu
la

te
 th

e:
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P1

 
11

 
D
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N
SC

C
op

yr
ig

ht
 re
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ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

0,
95

 m
·s

-1
 

 1
,5

 m
 

B
 

A
 

gr
ou

nd
 

4 
m

·s
-1

 

C
 

1,
8 

kg
 

1,
8 

kg
 

Q
U

ES
TI

O
N

 5
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

An
 o

bj
ec

t o
f m

as
s 

1,
8 

kg
 s

lid
es

 d
ow

n 
a 

ro
ug

h 
cu

rv
ed

 tr
ac

k 
an

d 
pa

ss
es

 p
oi

nt
 A

, w
hi

ch
 

is
 1

,5
 m

 a
bo

ve
 th

e 
gr

ou
nd

, a
t a

 s
pe

ed
 o

f 0
,9

5 
m

·s
-1

. 

T h
e 

ob
je

ct
 re

ac
he

s 
po

in
t B

 a
t t

he
 b

ot
to

m
 o

f t
he

 tr
ac

k 
at

 a
 s

pe
ed

 o
f 4

 m
·s

-1
. 

5.
1 

D
ef

in
e 

th
e 

te
rm

 c
on

se
rv

at
iv

e 
fo

rc
e.

 
(2

) 

5.
2 

N
am

e 
th

e 
co

ns
er

va
tiv

e 
fo

rc
e 

ac
tin

g 
on

 th
e 

ob
je

ct
. 

(1
) 

5.
3 

Is
 m

ec
ha

ni
ca

l e
ne

rg
y 

co
ns

er
ve

d 
as

 th
e 

ob
je

ct
 s

lid
es

 fr
om

 p
oi

nt
 A

 to
 p

oi
nt

 B
? 

C
ho

os
e 

fro
m

 Y
ES

 o
r N

O
. G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

5.
4 

C
al

cu
la

te
 t

he
 g

ra
vi

ta
tio

na
l 

po
te

nt
ia

l 
en

er
gy

 o
f 

th
e 

ob
je

ct
 w

he
n 

it 
w

as
 a

t 
po

in
t A

. 
(3

) 

5.
5 

U
si

ng
 e

ne
rg

y 
pr

in
ci

pl
es

, c
al

cu
la

te
 th

e 
w

or
k 

do
ne

 b
y 

fri
ct

io
n 

on
 th

e 
ob

je
ct

 a
s 

it 
sl

id
es

 fr
om

 p
oi

nt
 A

 to
 p

oi
nt

 B
. 

(4
) 

Su
rfa

ce
 B

C
 in

 th
e 

di
ag

ra
m

 a
bo

ve
 is

 fr
ic

tio
nl

es
s.

 

5.
6 

W
ha

t i
s 

th
e 

va
lu

e 
of

 th
e 

ne
t w

or
k 

do
ne

 o
n 

th
e 

ob
je

ct
 a

s 
it 

sl
id

es
 fr

om
 p

oi
nt

 B
 

to
 p

oi
nt

 C
? 

(1
) 

[1
3]
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op

yr
ig

ht
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Pl
ea

se
 tu

rn
 o

ve
r 

G
R

AP
H

 B
: A

IR
 P

R
ES

SU
R

E 
VS

 T
IM

E 
RE

C
O

R
D

ED
 B

Y 
D

ET
EC

TO
R

 Q
 N

EX
T 

TO
 T

H
E 

RO
AD

 

air pressure 

tim
e 

(x
10

-4
 s

)
 9

   
 1

8 
  

27
 

G
R

AP
H

 A
: A

IR
 P

R
ES

SU
R

E 
VS

 T
IM

E 
RE

C
O

R
D

ED
 B

Y 
D

ET
EC

TO
R

 P
 IN

 T
H

E 
C

AR
 

air pressure  

   
tim

e 
(x

10
-4

 s
)  

 8
,5

 
   

17
  

  2
5,

5 

Th
e 

si
re

n 
of

 a
 p

ol
ic

e 
ca

r, 
w

hi
ch

 i
s 

tra
ve

llin
g 

at
 a

 c
on

st
an

t 
sp

ee
d 

al
on

g 
a 

st
ra

ig
ht

 
ho

riz
on

ta
l r

oa
d,

 e
m

its
 s

ou
nd

 w
av

es
 o

f c
on

st
an

t f
re

qu
en

cy
. D

et
ec

to
r P

 is
 p

la
ce

d 
in

si
de

 
th

e 
po

lic
e 

ca
r a

nd
 d

et
ec

to
r Q

 is
 p

la
ce

d 
ne

xt
 to

 th
e 

ro
ad

 a
t a

 c
er

ta
in

 d
is

ta
nc

e 
aw

ay
 fr

om
 

th
e 

ca
r. 

Th
e 

tw
o 

de
te

ct
or

s 
re

co
rd

 th
e 

ch
an

ge
s 

in
 th

e 
ai

r p
re

ss
ur

e 
re

ad
in

gs
 c

au
se

d 
by

 
th

e 
so

un
d 

w
av

es
 e

m
itt

ed
 b

y 
th

e 
si

re
n 

as
 a

 fu
nc

tio
n 

of
 ti

m
e.

  

T h
e 

gr
ap

hs
 b

el
ow

 w
er

e 
ob

ta
in

ed
 fr

om
 th

e 
re

co
rd

ed
 re

su
lts

. 

   Th
e 

po
lic

e 
ca

r i
s 

m
ov

in
g 

AW
AY

 fr
om

 d
et

ec
to

r Q
. 

6.
2 

U
se

 th
e 

gr
ap

hs
 a

nd
 g

iv
e 

a 
re

as
on

 w
hy

 it
 c

an
 b

e 
co

nf
irm

ed
 th

at
 th

e 
po

lic
e 

ca
r 

is
 m

ov
in

g 
aw

ay
 fr

om
 d

et
ec

to
r Q

. 
(1

) 

6.
4 

U
se

 t
he

 in
fo

rm
at

io
n 

in
 t

he
 g

ra
ph

s 
to

 c
al

cu
la

te
 t

he
 s

pe
ed

 o
f 

th
e 

po
lic

e 
ca

r. 
Ta

ke
 th

e 
sp

ee
d 

of
 s

ou
nd

 in
 a

ir 
as

 3
40

 m
∙s

-1
. 

(6
) 

[1
1]

 

Q
U

ES
TI

O
N

 6
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

6.
1 

D
iff

er
en

t p
at

te
rn

s 
ar

e 
sh

ow
n 

ab
ov

e 
fo

r 
th

e 
sa

m
e 

so
un

d 
w

av
e 

em
itt

ed
 b

y 
th

e 
si

re
n .

 W
ha

t 
ph

en
om

en
on

 i
s 

illu
st

ra
te

d 
by

 t
he

 t
w

o 
de

te
ct

or
s 

sh
ow

in
g 

th
e 

di
ffe

re
nt

 p
at

te
rn

s?
 

(1
) 

6.
3 

C
al

cu
la

te
 th

e 
fre

qu
en

cy
 o

f t
he

 s
ou

nd
 w

av
es

 re
co

rd
ed

 b
y 

de
te

ct
or

 P
. 

(3
) 
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al

 S
ci

en
ce

s/
P1

 
13

 
D

BE
/N

ov
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be
r 2

01
9 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 7
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

)  

7.
1 

A 
sm

al
l s

ph
er

e,
 Y

, c
ar

ry
in

g 
an

 u
nk

no
w

n 
ch

ar
ge

, i
s 

su
sp

en
de

d 
at

 th
e 

en
d 

of
 a

 
lig

ht
 in

ex
te

ns
ib

le
 s

tri
ng

 w
hi

ch
 is

 a
tta

ch
ed

 to
 a

 fi
xe

d 
po

in
t. 

An
ot

he
r s

ph
er

e,
 X

, 
ca

rry
in

g 
a 

ch
ar

ge
 o

f 
+6

 x
10

-6
 C

, 
on

 a
n 

in
su

la
te

d 
st

an
d 

is
 b

ro
ug

ht
 c

lo
se

 t
o 

sp
he

re
 Y

.  

Sp
he

r e
 Y

 e
xp

er
ie

nc
es

 a
n 

el
ec

tro
st

at
ic

 f
or

ce
 a

nd
 c

om
es

 t
o 

re
st

 0
,2

 m
 a

w
ay

 
fro

m
 s

ph
er

e 
X,

 w
ith

 th
e 

st
rin

g 
at

 a
n 

an
gl

e 
of

 1
0°

 w
ith

 th
e 

ve
rti

ca
l, 

as
 s

ho
w

n 
in

 
th

e 
di

ag
ra

m
 b

el
ow

. 

7.
1.

1 
W

ha
t 

is
 t

he
 n

at
ur

e 
of

 t
he

 c
ha

rg
e 

on
 s

ph
er

e 
Y?

 C
ho

os
e 

fro
m

 
PO

SI
TI

VE
 o

r N
EG

AT
IV

E.
 

(1
) 

7.
1.

2 
C

al
cu

la
te

 
th

e 
m

ag
ni

tu
de

 
of

 
th

e 
ch

ar
ge

 
on

 
sp

he
re

 
Y 

if 
th

e 
m

ag
ni

tu
de

 o
f t

he
 e

le
ct

ro
st

at
ic

 fo
rc

e 
ac

tin
g 

on
 it

 is
 3

,0
5 

N
. 

(3
) 

7.
1.

3 
D

ra
w

 a
 la

be
lle

d 
fre

e-
bo

dy
 d

ia
gr

am
 fo

r s
ph

er
e 

Y.
 

(3
) 

7.
1.

4 
C

al
cu

la
te

 th
e 

m
ag

ni
tu

de
 o

f t
he

 te
ns

io
n 

in
 th

e 
st

rin
g.

 
(3

) 

7.
2 

Tw
o 

sm
al

l 
ch

ar
ge

d 
sp

he
re

s,
 A

 a
nd

 B
, 

on
 i

ns
ul

at
ed

 s
ta

nd
s,

 w
ith

 c
ha

rg
es

 
+2

 x
10

-5
 C

 a
nd

 -
4 

x1
0-5

 C
 r

es
pe

ct
iv

el
y,

 a
re

 p
la

ce
d 

0,
4 

m
 a

pa
rt,

 a
s 

sh
ow

n 
in

th
e 

di
ag

ra
m

 b
el

ow
. M

 is
 th

e 
m

id
po

in
t b

et
w

ee
n 

sp
he

re
s 

A 
an

d 
B

.

7.
2.

1 
D

ef
in

e 
th

e 
te

rm
 e

le
ct

ric
 fi

el
d 

at
 a

 p
oi

nt
. 

(2
) 

7.
2.

2 
C

al
cu

la
te

 th
e 

ne
t e

le
ct

ric
 fi

el
d 

at
 p

oi
nt

 M
. 

(6
) 

[1
8]

 

+6
 x

10
-6

 C
 

X 

0,
2 

m
 10

° 

Y st
rin

g 

-4
 x

10
-5

 C
 

B
 

+2
 x

10
-5

 C
 

A
 

0,
4 

m
 

M
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ht
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Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 8
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

In
 t

he
 c

irc
ui

t 
di

ag
ra

m
 b

el
ow

, 
re

si
st

or
 R

, 
w

ith
 a

 r
es

is
ta

nc
e 

of
 5

,6
 Ω

, 
is

 c
on

ne
ct

ed
, 

to
ge

th
er

 w
ith

 a
 s

w
itc

h,
 a

n 
am

m
et

er
 a

nd
 a

 h
ig

h-
re

si
st

an
ce

 v
ol

tm
et

er
, t

o 
a 

ba
tte

ry
 w

ith
 

an
 u

nk
no

w
n 

in
te

rn
al

 re
si

st
an

ce
, r

. 

T h
e 

re
si

st
an

ce
 o

f t
he

 c
on

ne
ct

in
g 

w
ire

s 
an

d 
th

e 
am

m
et

er
 m

ay
 b

e 
ig

no
re

d.
 

Th
e 

gr
ap

h 
be

lo
w

 s
ho

w
s 

th
e 

po
te

nt
ia

l d
iff

er
en

ce
 a

cr
os

s 
th

e 
te

rm
in

al
s 

of
 th

e 
ba

tte
ry

 a
s 

a 
fu

nc
tio

n 
of

 ti
m

e.
  

At
 ti

m
e 

t 1,
 s

w
itc

h 
S 

is
 c

lo
se

d.
 

8.
1 

D
ef

in
e 

th
e 

te
rm

 e
m

f o
f a

 b
at

te
ry

. 
(2

) 

8.
2 

W
rit

e 
do

w
n 

th
e 

va
lu

e 
of

 th
e 

em
f o

f t
he

 b
at

te
ry

. 
(1

) 

8.
3 

W
he

n 
sw

itc
h 

S 
is

 C
LO

SE
D

, c
al

cu
la

te
 th

e:
 

8.
3.

1 
C

ur
re

nt
 th

ro
ug

h 
re

si
st

or
 R

 
(3

) 

8.
3.

2 
Po

w
er

 d
is

si
pa

te
d 

in
 re

si
st

or
 R

 
(3

) 

8.
3.

3 
In

te
rn

al
 re

si
st

an
ce

, r
, o

f t
he

 b
at

te
ry

 
(3

) 

tim
e 

(s
) 

Potential difference   (V) 

13

10
,5

 

t 1
0 

r 

A 

V 

● 
● 

S 
R

 
5,

6 
Ω

 

 Ɛ
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D

BE
/N

ov
em
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N
SC

C
op

yr
ig

ht
 re
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rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

8.
4 

Tw
o 

ID
EN

TI
C

AL
 r

es
is

to
rs

, e
ac

h 
w

ith
 re

si
st

an
ce

 X
, a

re
 n

ow
 c

on
ne

ct
ed

 in
 th

e 
sa

m
e 

ci
rc

ui
t w

ith
 s

w
itc

h 
S 

cl
os

ed
, a

s 
sh

ow
n 

be
lo

w
.  

 

Th
e 

am
m

et
er

 re
ad

in
g 

no
w

 in
cr

ea
se

s 
to

 4
 A

. 

8.
4.

1 
H

ow
 

w
ou

ld
 

th
e 

vo
ltm

et
er

 
re

ad
in

g 
ch

an
ge

? 
C

ho
os

e 
fro

m
 

IN
C

R
EA

SE
S,

 D
EC

R
EA

SE
S 

or
 R

EM
AI

N
S 

TH
E 

SA
M

E.
 

G
iv

e 
a 

re
as

on
 fo

r t
he

 a
ns

w
er

 b
y 

re
fe

rri
ng

 to
 V

in
te

rn
al

 re
si

st
an

ce
. 

(2
)  

8.
4.

2 
C

al
cu

la
te

 re
si

st
an

ce
 X

.  
 

(5
) 

[1
9]

 

X 

r 

A 
V 

● 
● S 

R
  Ɛ
 

5,
6 
Ω

 

X 
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D

BE
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ov
em

be
r 2

01
9 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

AC
 s

ou
rc

e 

20
0 
Ω

 

S 

D
C

 s
ou

rc
e 

20
0 
Ω

 

S D
ia

gr
am

 A
 

D
ia

gr
am

 B
 

Q
U

ES
TI

O
N

 9
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

9.
1 

A 
si

m
pl

ifi
ed

 d
ia

gr
am

 o
f a

n 
el

ec
tri

c 
ge

ne
ra

to
r i

s 
sh

ow
n 

be
lo

w
. W

he
n 

th
e 

co
il 

is
 

ro
ta

te
d 

w
ith

 a
 c

on
st

an
t s

pe
ed

, a
n 

em
f i

s 
in

du
ce

d 
in

 th
e 

co
il.

 

9.
1.

1 
Is

 th
is

 a
n 

AC
 g

en
er

at
or

 o
r a

 D
C

 g
en

er
at

or
? 

(1
) 

9.
1.

2 
Br

ie
fly

 e
xp

la
in

 h
ow

 a
n 

em
f i

s 
ge

ne
ra

te
d 

in
 th

e 
co

il 
w

he
n 

th
e 

co
il 

is
 

ro
ta

te
d 

by
 re

fe
rri

ng
 to

 th
e 

pr
in

ci
pl

e 
of

 e
le

ct
ro

m
ag

ne
tic

 in
du

ct
io

n.
  

(2
) 

9.
1.

3 
D

ra
w

 a
 s

ke
tc

h 
gr

ap
h 

of
 t

he
 o

ut
pu

t 
vo

lta
ge

 v
er

su
s 

tim
e 

fo
r 

th
is

 
ge

ne
ra

to
r. 

Sh
ow

 O
N

E 
co

m
pl

et
e 

cy
cl

e.
  

(2
) 

9.
2 

A 
20

0 
Ω

 
re

si
st

or
 

is
 

co
nn

ec
te

d 
to

 
a 

D
C

 
vo

lta
ge

 
su

pp
ly

, 
as

 
sh

ow
n 

in
  

di
ag

ra
m

 A
. T

he
 e

ne
rg

y 
di

ss
ip

at
ed

 in
 th

e 
re

si
st

or
 in

 1
0 

s 
is

 5
00

 J
.  

T h
e 

sa
m

e 
re

si
st

or
 is

 n
ow

 c
on

ne
ct

ed
 to

 a
n 

AC
 s

ou
rc

e 
(d

ia
gr

am
 B

) a
nd

 5
00

 J
 

of
 e

ne
rg

y 
is

 a
ls

o 
di

ss
ip

at
ed

 in
 th

e 
re

si
st

or
 in

 1
0 

s.
 

9.
2.

1 
D

ef
in

e 
th

e 
te

rm
 rm

s 
vo

lta
ge

 o
f a

n 
AC

 s
ou

rc
e.

 
(2

) 

9.
2.

2 
C

al
cu

la
te

 th
e 

m
ax

im
um

 (p
ea

k)
 v

ol
ta

ge
 o

f t
he

 A
C

 s
ou

rc
e.

 
(5

) 
[1

2]
 

C
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l 

M
ag
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C
op

yr
ig
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 re

se
rv

ed
 

D
ur

in
g 

an
 e

xp
er

im
en

t, 
lig

ht
 o

f d
iff

er
en

t f
re

qu
en

ci
es

 is
 r

ad
ia

te
d 

on
to

 a
 s

ilv
er

 c
at

ho
de

 o
f 

a 
ph

ot
oc

el
l a

nd
 th

e 
co

rre
sp

on
di

ng
 m

ax
im

um
 s

pe
ed

 o
f t

he
 e

je
ct

ed
 p

ho
to

el
ec

tro
ns

 a
re

 
m

ea
su

re
d.

 

A 
gr

ap
h 

of
 t

he
 e

ne
rg

y 
of

 t
he

 i
nc

id
en

t 
ph

ot
on

s 
ve

rs
us

 t
he

 s
qu

ar
e 

of
 t

he
 m

ax
im

um
 

sp
ee

d 
of

 th
e 

ej
ec

te
d 

ph
ot

oe
le

ct
ro

ns
 is

 s
ho

w
n 

be
lo

w
. 

10
.1

 
D

ef
in

e 
th

e 
te

rm
 p

ho
to

el
ec

tri
c 

ef
fe

ct
. 

(2
) 

10
.2

 
W

rit
e 

do
w

n 
th

e 
va

lu
e 

of
 th

e 
w

or
k 

fu
nc

tio
n 

of
 s

ilv
er

. 

U
se

 a
 re

le
va

nt
 e

qu
at

io
n 

to
 ju

st
ify

 th
e 

an
sw

er
. 

(3
) 

10
.3

 
W

hi
ch

 p
hy

si
ca

l q
ua

nt
ity

 c
an

 b
e 

de
te

rm
in

ed
 fr

om
 th

e 
gr

ad
ie

nt
 o

f t
he

 g
ra

ph
? 

(1
) 

10
.4

 
C

al
cu

la
te

 th
e 

va
lu

e 
of

 X
 a

s 
sh

ow
n 

on
 th

e 
gr

ap
h.

 
(5

) 

10
.5

 
H

ow
 w

ill 
EA

C
H

 o
f 

th
e 

fo
llo

w
in

g 
be

 a
ffe

ct
ed

? 
C

ho
os

e 
fro

m
 I

N
C

R
EA

S
ES

, 
D

EC
R

EA
SE

S 
or

 R
EM

AI
N

S 
TH

E 
SA

M
E.

 

10
.5

.1
 

Th
e 

gr
ad

ie
nt

 o
f t

he
 g

ra
ph

 
(1

) 

10
.5

.2
 

Th
e 

nu
m

be
r o

f p
ho

to
el

ec
tro

ns
 e

m
itt

ed
 p

er
 u

ni
t t

im
e 

(1
) 
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U
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O
N
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0 

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

U
se

 th
e 

gr
ap

h 
to

 a
ns

w
er

 th
e 

fo
llo

w
in

g 
qu

es
tio

ns
. 

Th
e 

ex
pe

rim
en

t a
bo

ve
 is

 n
ow

 re
pe

at
ed

 u
si

ng
 li

gh
t o

f h
ig

he
r i

nt
en

si
ty

. 

G
ra

ph
 o

f e
ne

rg
y 

of
 p

ho
to

ns
 v

er
su

s 
sq

ua
re

 o
f 

m
ax

im
um

 s
pe

ed
 o

f p
ho

to
el

ec
tr

on
s 

 0
   

   
   

   
   

   
   

   
   

   
   

   
   

 X
   

2 m
ax

v
 (x

 1
012

 m
2 ∙s

-2
) 

Energy of photons (x10
-19

J) 
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  1
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TI
M
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  3

 h
ou

rs
 

Th
is

 q
ue

st
io

n 
pa

pe
r c

on
si

st
s 

of
 1

5 
pa

ge
s 

an
d 

3 
da

ta
 s

he
et

s.
 

G
R
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E 
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N
AT

IO
N
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SE
N

IO
R

 C
ER

TI
FI

C
AT

E 

PH
YS

IC
AL

 S
C

IE
N

C
ES

:  
PH

YS
IC

S 
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1)
 

N
O
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M

B
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 2
01

8 

Ph
ys

ic
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 S
ci

en
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s/
P1

 
3 

D
BE

/N
ov

em
be

r 2
01

8 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 1
: M

U
LT

IP
LE

-C
H

O
IC

E 
Q

U
ES

TI
O

N
S 

Va
rio

us
 o

pt
io

ns
 a

re
 p

ro
vi

de
d 

as
 p

os
si

bl
e 

an
sw

er
s 

to
 th

e 
fo

llo
w

in
g 

qu
es

tio
ns

. C
ho

os
e 

th
e 

an
sw

er
 a

nd
 w

rit
e 

on
ly

 th
e 

le
tte

r (
A

–D
) n

ex
t t

o 
th

e 
qu

es
tio

n 
nu

m
be

rs
 (1

.1
 to

 1
.1

0)
 in

 
th

e 
AN

SW
ER

 B
O

O
K,

 e
.g

. 1
.1

1 
D

. 

1.
1 

In
er

tia
 is

 th
e 

te
nd

en
cy

 o
f a

n 
ob

je
ct

 to
 …

 

A B C
 

D
 

m
ai

nt
ai

n 
its

 m
as

s.
 

co
nt

in
ue

 in
 a

 s
ta

te
 o

f n
on

-u
ni

fo
rm

 m
ot

io
n.

 

re
m

ai
n 

at
 re

st
 o

r i
n 

th
e 

st
at

e 
of

 u
ni

fo
rm

 m
ot

io
n.

 

m
ai

nt
ai

n 
its

 v
el

oc
ity

 w
he

n 
a 

no
n-

ze
ro

 n
et

 fo
rc

e 
is

 a
ct

in
g 

on
 it

. 
(2

) 

1.
2 

A 
pe

rs
on

 s
ta

nd
s 

on
 a

 b
at

hr
oo

m
 s

ca
le

 t
ha

t 
is

 f
ix

ed
 t

o 
th

e 
flo

or
 o

f 
a 

lif
t, 

as
 

sh
ow

n 
in

 th
e 

di
ag

ra
m

 b
el

ow
. 

Th
e 

re
ad

in
g 

on
 th

e 
sc

al
e 

is
 la

rg
es

t w
he

n 
th

e 
lif

t m
ov

es
 …

 

A B C
 

D
 

up
w

ar
ds

 a
t a

 c
on

st
an

t s
pe

ed
. 

do
w

nw
ar

ds
 a

t a
 c

on
st

an
t s

pe
ed

. 

up
w

ar
ds

 a
t a

 in
cr

ea
si

ng
 s

pe
ed

. 

do
w

nw
ar

ds
 a

t a
 in

cr
ea

si
ng

 s
pe

ed
. 

(2
) 

1.
3 

An
 o

bj
ec

t i
s 

pr
oj

ec
te

d 
ve

rti
ca

lly
 u

pw
ar

ds
. I

gn
or

e 
ai

r r
es

is
ta

nc
e.

  

As
 th

e 
ob

je
ct

 ri
se

s,
 it

s 
ve

lo
ci

ty
 …

 

A B C
 

D
 

an
d 

ac
ce

le
ra

tio
n 

ar
e 

bo
th

 d
ire

ct
ed

 u
pw

ar
ds

. 

an
d 

ac
ce

le
ra

tio
n 

ar
e 

bo
th

 d
ire

ct
ed

 d
ow

nw
ar

ds
. 

is
 d

ire
ct

ed
 u

pw
ar

ds
, b

ut
 it

s 
ac

ce
le

ra
tio

n 
is

 d
ire

ct
ed

 d
ow

nw
ar

ds
. 

is
 d

ire
ct

ed
 d

ow
nw

ar
ds

, b
ut

 it
s 

ac
ce

le
ra

tio
n 

is
 d

ire
ct

ed
 u

pw
ar

ds
. 

(2
) 

sc
al

e 

  l
ift

 

   
lif

t c
ab

le
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se
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P 
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v 
½

v 

co
nc

re
te

 fl
oo

r 

1.
4 

Ba
ll 

P 
an

d 
ba

ll 
Q

, 
of

 t
he

 s
am

e 
m

as
s,

 a
re

 d
ro

pp
ed

 o
nt

o 
a 

co
nc

re
te

 f
lo

or
. 

Bo
th

 b
al

ls
 h

it 
th

e  
co

nc
re

te
 fl

oo
r 

at
 th

e 
sa

m
e 

sp
ee

d,
 v

. B
al

l P
 r

eb
ou

nd
s 

w
ith

 
th

e 
sa

m
e 

ve
rti

ca
l s

pe
ed

, v
, b

ut
 b

al
l Q

 re
bo

un
ds

 w
ith

 s
pe

ed
 ½

v.
 

R
ef

er
 to

 th
e 

di
ag

ra
m

 b
el

ow
. I

gn
or

e 
ai

r r
es

is
ta

nc
e.

 

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

st
at

em
en

ts
 r

eg
ar

di
ng

 th
e 

co
llis

io
n 

of
 E

AC
H

 b
al

l 
w

ith
 th

e 
co

nc
re

te
 fl

oo
r i

s 
C

O
R

R
EC

T?
 

A B C
 

D
 

Ki
ne

tic
 e

ne
rg

y 
is

 c
on

se
rv

ed
 fo

r b
ot

h 
ba

lls
 P

 a
nd

 Q
. 

Th
e 

ch
an

ge
 in

 m
om

en
tu

m
 o

f b
al

l P
 is

 g
re

at
er

 th
an

 th
at

 o
f b

al
l Q

. 

Th
e 

co
nt

ac
t t

im
e 

w
ith

 th
e 

flo
or

 is
 th

e 
sa

m
e 

fo
r b

ot
h 

ba
lls

 P
 a

nd
 Q

. 

M
om

en
tu

m
 is

 c
on

se
rv

ed
 f

or
 t

he
 c

ol
lis

io
n 

of
 b

al
l P

, 
bu

t 
no

t 
fo

r 
th

at
 o

f 
ba

ll 
Q

. 
 (2

) 

1.
5 

If 
th

e 
ne

t w
or

k 
do

ne
 o

n 
a 

m
ov

in
g 

ob
je

ct
 is

 P
O

SI
TI

VE
, t

he
n 

w
e 

ca
n 

co
nc

lu
de

 
th

at
 th

e 
ki

ne
tic

 e
ne

rg
y 

of
 th

e 
ob

je
ct

 …
  

A B C
 

D
 

is
 z

er
o.

 

ha
s 

in
cr

ea
se

d.
 

ha
s 

de
cr

ea
se

d.
 

ha
s 

no
t c

ha
ng

ed
. 

 (2
) 

1.
6 

Th
e 

sp
ec

tru
m

 p
ro

du
ce

d 
by

 a
 m

ov
in

g 
as

te
ro

id
, 

as
 o

bs
er

ve
d 

fro
m

 E
ar

th
, 

in
di

ca
te

s 
th

at
 th

e 
lig

ht
 h

as
 s

hi
fte

d 
to

w
ar

ds
 th

e 
bl

ue
 e

nd
 o

f t
he

 s
pe

ct
ru

m
.  

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

fre
qu

en
cy

 c
om

bi
na

tio
ns

 o
f t

he
 o

bs
er

ve
d 

lig
ht

 a
nd

 
th

e 
di

st
an

ce
 b

et
w

ee
n 

th
e 

as
te

ro
id

 a
nd

 E
ar

th
 is

 C
O

R
R

EC
T?

 

FR
EQ

U
EN

C
Y 

O
F 

O
B

SE
R

VE
D

 L
IG

H
T 

D
IS

TA
N

C
E 

B
ET

W
EE

N
 

AS
TE

R
O

ID
 A

N
D

 E
AR

TH
 

A 
In

cr
ea

se
d 

D
ec

re
as

es
 

B 
In

cr
ea

se
d 

In
cr

ea
se

s 
C

 
D

ec
re

as
ed

 
D

ec
re

as
es

 
D

 
D

ec
re

as
ed

 
In

cr
ea

se
s 

(2
) 
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- X 
Y 

Z 

X 
Y 

1.
7 

Th
re

e 
ch

ar
ge

d 
sp

he
re

s 
X,

 Y
 a

nd
 Z

, 
su

pp
or

te
d 

by
 in

su
la

tin
g 

th
re

ad
s 

of
 e

qu
al

 
le

ng
th

, h
an

g 
fro

m
 a

 b
ea

m
, a

s 
sh

ow
n 

in
 th

e 
di

ag
ra

m
 b

el
ow

.  
Sp

he
re

 X
 is

 n
eg

at
iv

el
y 

ch
ar

ge
d.

 
Sp

he
re

 X
 a

ttr
ac

ts
 s

ph
er

e 
Y,

 b
ut

 re
pe

ls
 s

ph
er

e 
Z.

 

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

co
nc

lu
si

on
s 

is
 C

O
R

R
EC

T?
  

A B C
 

D
 

Sp
he

re
 Y

 is
 p

os
iti

ve
ly

 c
ha

rg
ed

 a
nd

 s
ph

er
e 

Z 
is

 n
eg

at
iv

el
y 

ch
ar

ge
d.

 

Sp
he

re
 Y

 is
 p

os
iti

ve
ly

 c
ha

rg
ed

 a
nd

 s
ph

er
e 

Z 
is

 p
os

iti
ve

ly
 c

ha
rg

ed
. 

Sp
he

re
 Y

 is
 n

eg
at

iv
el

y 
ch

ar
ge

d 
an

d 
sp

he
re

 Z
 is

 n
eg

at
iv

el
y 

ch
ar

ge
d.

 

Sp
he

re
 Y

 is
 n

eg
at

iv
el

y 
ch

ar
ge

d 
an

d 
sp

he
re

 Z
 is

 p
os

iti
ve

ly
 c

ha
rg

ed
. 

(2
) 

1.
8 

In
 th

e 
ci

rc
ui

t d
ia

gr
am

s 
be

lo
w

, t
he

 c
el

ls
 a

nd
 r

es
is

to
rs

 a
re

 id
en

tic
al

. 
Th

e 
ce

lls
 

ha
ve

 n
eg

lig
ib

le
 in

te
rn

al
 re

si
st

an
ce

s.
 

 
 

Th
e 

po
w

er
 d

is
si

pa
te

d 
in

 r
es

is
to

r 
X 

is
 P

. 
Th

e 
po

w
er

 d
is

si
pa

te
d 

in
 r

es
is

to
r 

Y 
 

is
 …
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D
 

¼
P.

 

½
P.

 

2P
. 

4P
. 

(2
)



Ph
ys

ic
al

 S
ci

en
ce

s/
P1

 
6 

D
BE

/N
ov

em
be

r 2
01

8 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
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1.
9 

W
hi

ch
 O

N
E 

of
 t

he
 f

ol
lo

w
in

g 
ac

tio
ns

 w
ill 

N
O

T 
ca

us
e 

an
 i

nc
re

as
e 

in
 t

he
 

in
du

ce
d 

em
f i

n 
a 

co
il 

if 
th

e 
co

il 
is

 ro
ta

te
d 

in
 a

 u
ni

fo
rm

 m
ag

ne
tic

 fi
el

d?
  

A B C
 

D
 

R
ot

at
in

g 
th

e 
co

il 
fa

st
er

 

In
cr

ea
si

ng
 th

e 
st

re
ng

th
 o

f t
he

 m
ag

ne
tic

 fi
el

d 

In
cr

ea
si

ng
 th

e 
nu

m
be

r o
f t

ur
ns

 o
f t

he
 c

oi
l 

R
ep

la
ci

ng
 th

e 
co

il 
w

ith
 a

 c
oi

l o
f l

ow
er

 re
si

st
an

ce
 

(2
) 

1.
10

 
A 

le
ar

ne
r w

rit
es

 th
e 

fo
llo

w
in

g 
st

at
em

en
ts

 a
bo

ut
 th

e 
em

is
si

on
 s

pe
ct

ru
m

 o
f l

ig
ht

 
in

 a
 n

ot
eb

oo
k:

 

(i)
An

 
em

is
si

on
 

sp
ec

tru
m

 
is

 
fo

rm
ed

 
w

he
n 

ce
rta

in
 

fre
qu

en
ci

es
 

of
el

ec
tro

m
ag

ne
tic

 ra
di

at
io

n 
pa

ss
 th

ro
ug

h 
a 

co
ld

 g
as

.

(ii
)

Th
e 

lin
es

 i
n 

th
e 

em
is

si
on

 s
pe

ct
ru

m
 o

f 
an

 a
to

m
 h

av
e 

th
e 

sa
m

e
fre

qu
en

cy
 

as
 

th
e 

co
rre

sp
on

di
ng

 
lin

es
 

in
 

th
e 

at
om

's
 

ab
so

rp
tio

n
sp

ec
tru

m
.

(ii
i)

An
 e

m
is

si
on

 s
pe

ct
ru

m
 is

 fo
rm

ed
 w

he
n 

th
e 

at
om

 m
ak

es
 tr

an
si

tio
ns

 fr
om

a 
hi

g h
-e

ne
rg

y 
st

at
e 

to
 a

 lo
w

er
 e

ne
rg

y 
st

at
e.

W
hi

ch
 

O
N

E 
of

 
th

e 
fo

llo
w

in
g 

co
m

bi
na

tio
ns

 
of

 
th

e 
st

at
em

en
ts

 
ab

ov
e 

is
 

C
O

R
R

EC
T?

 

A B C
 

D
  

(i)
on

ly

(i i
)o

nl
y

(ii
)a

nd
 (i

i i)
 o

nl
y

(i)
an

d 
(ii

i) 
on

ly
(2

) 
[2
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5°

 

A
 

B
 

C
 

Q
U

ES
TI

O
N

 2
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

A 
bl

oc
k,

 o
f m

as
s 

8 
kg

, i
s 

pl
ac

ed
 o

n 
a 

ro
ug

h 
ho

riz
on

ta
l s

ur
fa

ce
. T

he
 8

 k
g 

bl
oc

k,
 w

hi
ch

 is
 

co
nn

ec
te

d 
to

 a
 2

 k
g 

bl
oc

k 
by

 m
ea

ns
 o

f a
 li

gh
t i

ne
xt

en
si

bl
e 

st
rin

g  
pa

ss
in

g 
ov

er
 a

 li
gh

t 
fri

ct
io

nl
es

s 
pu

lle
y,

 s
ta

rts
 s

lid
in

g 
fro

m
 p

oi
nt

 A
, a

s 
sh

ow
n 

be
lo

w
.  

2.
1 

St
at

e 
N

ew
to

n'
s 

Se
co

nd
 L

aw
 in

 w
or

ds
. 

(2
) 

2.
2 

D
ra

w
 a

 la
be

lle
d 

fre
e-

bo
dy

 d
ia

gr
am

 fo
r t

he
 8

 k
g 

bl
oc

k.
 

(4
) 

2.
3 

W
he

n 
th

e 
8 

kg
 b

lo
ck

 r
ea

ch
es

 p
oi

nt
 B

, t
he

 a
ng

le
 b

et
w

ee
n 

th
e 

st
rin

g 
an

d 
th

e 
ho

riz
on

ta
l i

s 
15

° a
nd

 th
e 

ac
ce

le
ra

tio
n 

of
 th

e 
sy

st
em

 is
 1

,3
2 

m
·s

-2
. 

2.
3.

1 
G

iv
e 

a 
re

as
on

 w
hy

 th
e 

sy
st

em
 is

 N
O

T 
in

 e
qu

ilib
riu

m
. 

(1
) 

2.
3.

2 
U

se
 th

e 
2 

kg
 m

as
s 

to
 c

al
cu

la
te

 th
e 

te
ns

io
n 

in
 th

e 
st

rin
g.

 
(3

) 

2.
3.

3 
C

al
cu

la
te

 th
e 

ki
ne

tic
 fr

ic
tio

na
l f

or
ce

 b
et

w
ee

n 
th

e 
8 

kg
 b

lo
ck

 a
nd

 th
e 

ho
riz

on
ta

l s
ur

fa
ce

. 
(4

) 

2.
4 

As
 th

e 
8 

kg
 b

lo
ck

 m
ov

es
 fr

om
 B

 to
 C

, t
he

 k
in

et
ic

 fr
ic

tio
na

l f
or

ce
 b

et
w

ee
n 

th
e 

8 
kg

 b
lo

ck
 a

nd
 th

e 
ho

riz
on

ta
l s

ur
fa

ce
 is

 n
ot

 c
on

st
an

t. 
 

G
iv

e 
a 

re
as

on
 fo

r t
hi

s 
st

at
em

en
t. 

(1
) 

Th
e 

ho
riz

on
ta

l 
su

rfa
ce

 o
n 

w
hi

ch
 t

he
 8

 k
g 

bl
oc

k 
is

 m
ov

in
g,

 i
s 

re
pl

ac
ed

 b
y 

an
ot

he
r 

ho
riz

on
ta

l s
ur

fa
ce

 m
ad

e 
fro

m
 a

 d
iff

er
en

t m
at

er
ia

l. 
 

2.
5 

W
ill 

th
e 

ki
ne

tic
 fr

ic
tio

na
l f

or
ce

, c
al

cu
la

te
d 

in
 Q

U
ES

TI
O

N
 2

.3
.3

 a
bo

ve
, c

ha
ng

e?
 

C
ho

os
e 

fro
m

: Y
ES

 o
r N

O
. G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

[1
7]
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ys
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ci
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s/
P1

 
8 

D
BE

/N
ov

em
be

r 2
01

8 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

gr
ou

nd
 

7,
5 

m
s-1

 

1,
6 

m
 

3,
7 

m
 

T 

Q
U

ES
TI

O
N

 3
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

In
 a

 c
om

pe
tit

io
n,

 p
ar

tic
ip

an
ts

 m
us

t 
at

te
m

pt
 t

o 
th

ro
w

 a
 b

al
l 

ve
rti

ca
lly

 u
pw

ar
ds

 p
as

t 
po

in
t T

, m
ar

ke
d 

on
 a

 ta
ll 

ve
rti

ca
l p

ol
e.

 P
oi

nt
 T

 is
 3

,7
 m

 a
bo

ve
 th

e 
gr

ou
nd

. P
oi

nt
 T

 m
ay

, 
or

 m
ay

 n
ot

, b
e 

th
e 

hi
gh

es
t p

oi
nt

 d
ur

in
g 

th
e 

m
ot

io
n 

of
 th

e 
ba

ll.
 

O
ne

 p
ar

tic
ip

an
t t

hr
ow

s 
th

e 
ba

ll 
ve

rti
ca

lly
 u

pw
ar

ds
 a

t a
 v

el
oc

ity
 o

f 7
,5

 m
s-1

 fro
m

 a
 p

oi
nt

 
th

at
 is

 1
,6

 m
 a

bo
ve

 th
e 

gr
ou

nd
, a

s 
sh

ow
n 

in
 th

e 
di

ag
ra

m
 b

el
ow

. I
gn

or
e 

th
e 

ef
fe

ct
s 

of
 

ai
r r

es
is

ta
nc

e.
 

3.
1 

In
 w

hi
ch

 d
ire

ct
io

n 
is

 th
e 

ne
t f

or
ce

 a
ct

in
g 

on
 t

he
 b

al
l w

hi
le

 it
 m

ov
es

 t
ow

ar
ds

 
po

in
t T

? 
 

C
ho

os
e 

fro
m

: U
PW

AR
D

S 
or

 D
O

W
N

W
AR

D
S.

 G
iv

e 
a 

re
as

on
 fo

r t
he

 a
ns

w
er

. 
(2

) 

3.
2 

C
al

cu
la

te
 th

e 
tim

e 
ta

ke
n 

by
 th

e 
ba

ll 
to

 re
ac

h 
its

 h
ig

he
st

 p
oi

nt
. 

(3
) 

3.
3 

D
et

er
m

in
e,

 b
y 

m
ea

ns
 o

f 
a 

ca
lc

ul
at

io
n,

 w
he

th
er

 t
he

 b
al

l w
ill 

pa
ss

 p
oi

nt
 T

 o
r 

no
t. 

(6
) 

3.
4 

D
ra

w
 a

 v
el

oc
ity

-ti
m

e 
gr

ap
h 

fo
r 

th
e 

m
ot

io
n 

of
 t

he
 b

al
l 

fro
m

 t
he

 i
ns

ta
nt

 i
t 

is
 

th
ro

w
n 

up
w

ar
ds

 u
nt

il 
it 

re
ac

he
s 

its
 h

ig
he

st
 p

oi
nt

.  

In
di

ca
t e

 th
e 

fo
llo

w
in

g 
on

 th
e 

gr
ap

h:
 

 
Th

e 
in

iti
al

 v
el

oc
ity

 a
nd

 fi
na

l v
el

oc
ity

 
 

Ti
m

e 
ta

ke
n 

to
 re

ac
h 

th
e 

hi
gh

es
t p

oi
nt

 
(2

) 
[1

3]
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9 

D
BE

/N
ov

em
be

r 2
01

8 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 4
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

In
iti

al
ly

 a
 g

irl
 o

n 
ro

lle
r 

sk
at

es
 i

s 
at

 r
es

t 
on

 a
 s

m
oo

th
 h

or
iz

on
ta

l 
pa

ve
m

en
t. 

Th
e 

gi
rl 

th
ro

w
s 

a 
pa

rc
el

, 
of

 m
as

s 
8 

kg
, 

ho
riz

on
ta

lly
 t

o 
th

e 
rig

ht
 a

t 
a 

sp
ee

d 
of

 4
 m

s-1
. 

Im
m

ed
ia

te
ly

 a
fte

r t
he

 p
ar

ce
l h

as
 b

ee
n 

th
ro

w
n,

 th
e 

gi
rl-

ro
lle

r-s
ka

te
 c

om
bi

na
tio

n 
m

ov
es

 
at

 a
 s

pe
ed

 o
f 0

,6
 m

s-1
. I

gn
or

e 
th

e 
ef

fe
ct

s 
of

 fr
ic

tio
n 

an
d 

ro
ta

tio
n.

 

4.
1 

D
ef

in
e 

th
e 

te
rm

 m
om

en
tu

m
 in

 w
or

ds
. 

(2
) 

4.
2 

W
ill 

th
e 

gi
rl-

ro
lle

r-s
ka

te
 c

om
bi

na
tio

n 
m

ov
e 

TO
 T

H
E 

R
IG

H
T 

or
 T

O
 T

H
E 

LE
FT

 
af

te
r t

he
 p

a r
ce

l i
s 

th
ro

w
n?

  
N

AM
E 

th
e 

la
w

 in
 p

hy
si

cs
 th

at
 c

an
 b

e 
us

ed
 to

 e
xp

la
in

 y
ou

r c
ho

ic
e 

of
 d

ire
ct

io
n.

 
(2

) 

Th
e 

to
ta

l m
as

s 
of

 th
e 

ro
lle

r s
ka

te
s 

is
 2

 k
g.

 

4.
3 

C
al

cu
la

te
 th

e 
m

as
s 

of
 th

e 
gi

rl.
 

(5
) 

4.
4 

C
al

cu
la

te
 th

e 
m

ag
ni

tu
de

 o
f t

he
 im

pu
ls

e 
th

at
 th

e 
gi

rl-
ro

lle
r-s

ka
te

 c
om

bi
na

tio
n 

is
 

ex
pe

rie
nc

in
g 

w
hi

le
 th

e 
pa

rc
el

 is
 b

ei
ng

 th
ro

w
n.

  
(3

) 

4.
5 

W
ith

ou
t 

an
y 

fu
rth

er
 

ca
lc

ul
at

io
n,

 
w

rit
e 

do
w

n 
th

e 
ch

an
ge

 
in

 
m

om
en

tu
m

 
ex

pe
rie

nc
ed

 b
y 

th
e 

pa
rc

el
 w

hi
le

 it
 is

 b
ei

ng
 th

ro
w

n.
  

(2
) 

[1
4]

 

4 
m
∙s

-1
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D

BE
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ov
em
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r 2

01
8 

N
SC

C
op

yr
ig

ht
 re
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rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

B
 20
0 

m
 

A
 

1 
50

0 
kg

 

Q
U

ES
TI

O
N

 5
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
e 

di
ag

ra
m

 b
el

ow
, 

no
t 

dr
aw

n 
to

 s
ca

le
, 

sh
ow

s 
a 

ve
hi

cl
e 

w
ith

 a
 m

as
s 

of
 1

 5
00

 k
g 

st
ar

tin
g 

fro
m

 re
st

 a
t p

oi
nt

 A
 a

t t
he

 b
ot

to
m

 o
f a

 ro
ug

h 
in

cl
in

e.
 P

oi
nt

 B
 is

 2
00

 m
 v

er
tic

al
ly

 
ab

ov
e 

th
e 

ho
riz

on
ta

l. 
 

Th
e 

to
ta

l w
or

k 
do

ne
 b

y 
fo

rc
e 

F 
th

at
 m

ov
es

 th
e 

ve
hi

cl
e 

fro
m

 p
oi

nt
 A

 to
 p

oi
nt

 B
 in

 9
0 

s 
is

 4
,8

0 
x 

10
6  J

. 

5.
1 

D
ef

in
e 

th
e 

te
rm

 n
on

-c
on

se
rv

at
iv

e 
fo

rc
e.

 
(2

) 

5.
2 

Is
 fo

rc
e 

F 
a 

co
ns

er
va

tiv
e 

fo
rc

e?
 C

ho
os

e 
fro

m
: Y

ES
 o

r N
O

. 
(1

) 

5.
3 

C
al

cu
la

te
 th

e 
av

er
ag

e 
po

w
er

 g
en

er
at

ed
 b

y 
fo

rc
e 

F.
 

(3
) 

Th
e 

sp
ee

d 
of

 th
e 

ve
hi

cl
e 

w
he

n 
it 

re
ac

he
s 

po
in

t B
 is

 2
5 

m
∙s

-1
. 

5.
4 

St
at

e 
th

e 
w

or
k-

en
er

gy
 th

eo
re

m
 in

 w
or

ds
. 

(2
) 

5.
5 

U
se

 e
ne

rg
y 

pr
in

ci
pl

es
 to

 c
al

cu
la

te
 th

e 
to

ta
l w

or
k 

do
ne

 o
n 

th
e 

ve
hi

cl
e 

by
 th

e 
fri

ct
io

na
l f

or
ce

s.
 

(5
) 

[1
3]

 

Q
U

ES
TI

O
N

 6
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
e 

al
ar

m
 o

f 
a 

ve
hi

cl
e 

pa
rk

ed
 n

ex
t 

to
 a

 s
tra

ig
ht

 h
or

iz
on

ta
l 

ro
ad

 g
oe

s 
of

f, 
em

itt
in

g 
so

un
d 

w
ith

 a
 w

av
el

en
gt

h 
of

 0
,3

4 
m

. A
 p

at
ro

l c
ar

 is
 m

ov
in

g 
at

 a
 c

on
st

an
t s

pe
ed

 o
n 

th
e 

sa
m

e 
r o

ad
. T

he
 d

riv
er

 o
f t

he
 p

at
ro

l c
ar

 h
ea

rs
 a

 s
ou

nd
 w

ith
 a

 fr
eq

ue
nc

y 
of

 5
0 

H
z 

lo
w

er
 

th
an

 th
e 

so
un

d 
em

itt
ed

 b
y 

th
e 

al
ar

m
. T

ak
e 

th
e 

sp
ee

d 
of

 s
ou

nd
 in

 a
ir 

as
 3

40
 m
∙s

-1
. 

6.
1 

St
at

e 
th

e 
D

op
pl

er
 e

ffe
ct

 in
 w

or
ds

. 
(2

) 

6.
2 

Is
 t

he
 p

at
ro

l 
ca

r 
dr

iv
in

g 
TO

W
AR

D
S 

or
 A

W
AY

 F
R

O
M

 t
he

 p
ar

ke
d 

ve
hi

cl
e?

 
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

6.
3 

C
al

cu
la

te
 th

e 
fre

qu
en

cy
 o

f t
he

 s
ou

nd
 e

m
itt

ed
 b

y 
th

e 
al

ar
m

. 
(3

) 

6.
4 

Th
e 

pa
tro

l c
ar

 m
ov

es
 a

 d
is

ta
nc

e 
of

 x
 m

et
re

s 
in

 1
0 

se
co

nd
s.

 C
al

cu
la

te
 t

he
 

di
st

an
ce

 x
. 

(6
) 

[1
3]

 

Ph
ys

ic
al

 S
ci

en
ce

s/
P1

 
11

 
D
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be
r 2

01
8 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

  

 
P 

T 

S 

0,
1 

m
 

0,
3 

m
 

x 

y 

P
-1

5 
x 

10
-9

 C
 

S 
  Q

 
T

+
2 

x 
10

-9
 C

 

Q
U

ES
TI

O
N

 7
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
re

e 
sm

al
l 

id
en

tic
al

 m
et

al
 s

ph
er

es
, 

P,
 S

 a
nd

 T
, 

on
 i

ns
ul

at
ed

 s
ta

nd
s,

 a
re

 i
ni

tia
lly

 
ne

ut
ra

l. 
Th

ey
 a

re
 t

he
n 

ch
ar

ge
d 

to
 c

ar
ry

 c
ha

rg
es

 o
f 

-1
5 

x 
10

-9
 C

, Q
 a

nd
 +

2 
x 

10
-9

 C
 

re
sp

ec
tiv

el
y ,

 a
s 

sh
ow

n 
be

lo
w

. 

Th
e 

ch
ar

ge
d 

sp
he

re
s 

ar
e 

br
ou

gh
t t

og
et

he
r 

so
 th

at
 a

ll 
th

re
e 

sp
he

re
s 

to
uc

h 
ea

ch
 o

th
er

 
at

 t
he

 s
am

e 
tim

e,
 a

nd
 a

re
 t

he
n 

se
pa

ra
te

d.
 T

he
 c

ha
rg

e 
on

 e
ac

h 
sp

he
re

, 
af

te
r 

se
pa

ra
tio

n,
 is

 -3
 x

 1
0-9

 C
. 

7.
1 

D
et

er
m

in
e 

th
e 

va
lu

e 
of

 c
ha

rg
e 

Q
. 

(2
) 

7.
2 

D
ra

w
 th

e 
el

ec
tri

c 
fie

ld
 p

at
te

rn
 a

ss
oc

ia
te

d 
w

ith
 th

e 
ch

ar
ge

d 
sp

he
re

s,
 S

 a
nd

 T
, 

af
te

r t
he

y 
ar

e 
se

pa
ra

te
d 

an
d 

re
tu

rn
ed

 to
 th

ei
r o

rig
in

al
 p

os
iti

on
s.

 
(3

) 

Th
e 

sp
he

re
s,

 e
ac

h 
w

ith
 th

e 
ne

w
 c

ha
rg

e 
of

 -3
 x

 1
0-9

 C
, a

re
 n

ow
 p

la
ce

d 
at

 p
oi

nt
s 

on
 th

e 
x-

ax
is

 a
nd

 th
e 

y-
ax

is
, a

s 
sh

ow
n 

in
 th

e 
di

ag
ra

m
 b

el
ow

, w
ith

 s
ph

er
e 

P 
at

 th
e 

or
ig

in
.

7.
3 

St
at

e 
C

ou
lo

m
b'

s 
la

w
 in

 w
or

ds
. 

(2
) 

C
al

cu
la

te
 th

e 
m

ag
ni

tu
de

 o
f t

he
:  

7.
4 

N
et

 e
le

ct
ro

st
at

ic
 fo

rc
e 

ac
tin

g 
on

 s
ph

er
e 

P 
(5

) 

7.
5 

N
et

 e
le

ct
ric

 fi
el

d 
at

 th
e 

or
ig

in
 d

ue
 to

 c
ha

rg
es

 S
 a

nd
 T

 
(3

) 

7.
6 

O
N

E 
of

 th
e 

ch
ar

ge
d 

sp
he

re
s,

 P
 a

nd
 T

, e
xp

er
ie

nc
ed

 a
 v

er
y 

sm
al

l i
nc

re
as

e 
in

 
m

as
s 

af
te

r i
t w

as
 c

ha
rg

ed
 in

iti
al

ly
. 

7.
6.

1 
W

hi
ch

 s
ph

er
e,

 P
 o

r 
T,

 e
xp

er
ie

nc
ed

 t
hi

s 
ve

ry
 s

m
al

l 
in

cr
ea

se
 i

n 
m

as
s?

 
(1

) 

7.
6.

2 
C

al
cu

la
te

 th
e 

in
cr

ea
se

 in
 m

as
s 

by
 th

e 
sp

he
re

 in
 Q

U
ES

TI
O

N
 7

.6
.1

. 
(3

) 
[1

9]
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SC

C
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rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

  0
,5

 Ω
 

  2
 Ω

 

  R
 

R 

A

12
 V

 

S 
   

 2
 ΩV 

Q
U

ES
TI

O
N

 8
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
e 

ba
tte

ry
 in

 th
e 

ci
rc

ui
t d

ia
gr

am
 b

el
ow

 h
as

 a
n 

em
f o

f 1
2 

V 
an

d 
an

 in
te

rn
al

 re
si

st
an

ce
 

of
 0

,5
 Ω

. R
es

is
to

r R
 h

as
 a

n 
un

kn
ow

n 
re

si
st

an
ce

. 

8.
1 

W
ha

t i
s 

th
e 

m
ea

ni
ng

 o
f t

he
 fo

llo
w

in
g 

st
at

em
en

t?
  

Th
e 

em
f o

f t
he

 b
at

te
ry

 is
 1

2 
V

. 
(2

) 

Th
e 

re
ad

in
g 

on
 th

e 
am

m
et

er
 is

 2
 A

 w
he

n 
sw

itc
h 

S 
is

 O
PE

N
. 

8.
2 

C
al

cu
la

te
 th

e:
 

8.
2.

1 
R

ea
di

ng
 o

n 
th

e 
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 p
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ra
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ra
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 b
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pr
es

en
t t

he
 k

in
et

ic
 e

ne
rg

y 
of

 th
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m

.  

W
hi

ch
 o

f t
he

 tr
an

si
tio

n(
s)

 re
pr

es
en

t e
ne

rg
y 

ab
so

rp
tio

n?
 

A
 

A
 o

nl
y 

B
 

B
 o

nl
y 

C
 

A
 a

nd
 C

 o
nl

y 
D

 
B

 a
nd

 C
 o

nl
y 

(2
)

[2
0]

 

C
 

E
N

E
R

G
Y 

LE
V

EL
 3

 

E
N

E
R

G
Y 

LE
V

EL
 2

 

E
N

E
R

G
Y 

LE
V

EL
 1

 
B

 
A
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C
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yr
ig

ht
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se
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ed
P

le
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e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 2
 (S

ta
rt

 o
n 

a 
N

EW
 p

ag
e.

) 

2.
1 

A
 t

oy
 t

ru
ck

 o
f 

m
as

s 
5,

2 
kg

 is
 t

ow
in

g 
a 

tra
ile

r 
of

 m
as

s 
2 

kg
. 

Th
e 

tra
ile

r 
is

 
at

ta
ch

ed
 to

 th
e 

tru
ck

 b
y 

m
ea

ns
 o

f a
 m

as
sl

es
s,

 in
ex

te
ns

ib
le

 r
op

e,
 in

cl
in

ed
 a

t 
25

° t
o 

th
e 

ho
riz

on
ta

l, 
as

 s
ho

w
n 

on
 th

e 
di

ag
ra

m
 b

el
ow

. T
he

 p
ul

lin
g 

fo
rc

e 
on

 th
e 

tru
ck

 is
 4

6,
5 

N
. T

he
 k

in
et

ic
 fr

ic
tio

na
l f

or
ce

 e
xp

er
ie

nc
ed

 b
y 

th
e 

tru
ck

 is
 1

2 
N

. 
Th

e 
ki

ne
tic

 fr
ic

tio
na

l f
or

ce
 e

xp
er

ie
nc

ed
 b

y 
th

e 
tra

ile
r i

s 
5,

1 
N

. 

2.
1.

1 
D

ra
w

 a
 la

be
lle

d 
fre

e-
bo

dy
 d

ia
gr

am
 s

ho
w

in
g 

al
l f

or
ce

s 
ac

tin
g 

on
 th

e 
TR

U
C

K
. 

(5
) 

2.
1.

2 
S

ec
on

d 
La

w
 o

f m
ot

io
n 

in
 w

or
ds

. 
(2

) 

2.
1.

3 
C

al
cu

la
te

 th
e 

te
ns

io
n 

in
 th

e 
ro

pe
. 

(6
) 

2.
2 

Th
e 

m
as

s 
an

d 
ra

di
us

 o
f t

he
 p

la
ne

t M
ar

s 
ar

e 
ap

pr
ox

im
at

el
y 

6,
39

 x
 1

023
 k

g 
an

d 
3,

39
 x

 1
06  m

 re
sp

ec
tiv

el
y.

  
C

al
cu

la
te

 th
e 

gr
av

ita
tio

na
l a

cc
el

er
at

io
n 

on
 th

e 
su

rfa
ce

 o
f M

ar
s.

 
(3

) 
[1

6]
 

25
° 

   
5,

2 
 

46
,5

 N
 

2 
kg

 

To
y 

tr
uc

k 
Tr

ai
le

r 
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N
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 o
n 
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) 

Th
e 

po
si

tio
n-

tim
e 

gr
ap

h 
fo

r a
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al
l t

hr
ow

n 
ve
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ca

lly
 d
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nw

ar
ds
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 th
e 

to
p 

of
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8 

m
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ll 

bu
ild
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g 

is
 s

ho
w

n 
be

lo
w

. T
he

 g
ra

ph
 is

 n
ot

 d
ra

w
n 

to
 s

ca
le

. T
he

 b
al

l b
ou

nc
es

 o
ff 

th
e 

gr
ou

nd
, r

ea
ch

in
g 

a 
m

ax
im

um
 h

ei
gh

t o
f 8

 m
. 

Ig
no

re
 th

e 
ef

fe
ct

 o
f a

ir 
re

si
st

an
ce

. 

3.
1 

C
al

cu
la

te
 th

e 
sp

ee
d 

at
 w

hi
ch

 th
e 

ba
ll:

 

3.
1.

1 
Is

 th
ro

w
n 

do
w

nw
ar

ds
 

(4
) 

3.
1.

2 
H

its
 th

e 
gr

ou
nd

 
(3

) 

3.
1.

3 
B

ou
nc

es
 o

ff 
th

e 
gr

ou
nd

 
(3

) 

3.
2 

D
ra

w
 a

 v
el

oc
ity

-ti
m

e 
gr

ap
h 

(n
ot

 to
 s

ca
le

) f
or

 th
e 

en
tir

e 
m

ot
io

n 
of

 th
e 

ba
ll.

 

In
di

ca
te

 th
e 

fo
llo

w
in

g 
on

 y
ou

r g
ra

ph
: 

(i)
In

iti
al

 v
el

oc
ity

 w
ith

 w
hi

ch
 th

e 
ba

ll 
w

as
 th

ro
w

n
(ii

)
V

el
oc

ity
 w

ith
 w

hi
ch

 th
e 

ba
ll 

hi
t t

he
 g

ro
un

d
(ii

i)
Ti

m
e 

ta
ke

n 
to

 a
tta

in
 th

is
 v

el
oc

ity
(iv

)
Th

e 
ve

lo
ci

ty
 w

ith
 w

hi
ch

 th
e 

ba
ll 

bo
un

ce
s 

of
f t

he
 g

ro
un

d
(4

) 
[1

4]
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8 

tim
e 

(s
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2,
8 
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P
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r 

Q
U
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N
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 (S

ta
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 o
n 

a 
N
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e.

) 

A
 1

 1
00

 k
g 

tru
ck

 is
 p

ul
lin

g 
an

 8
00

 k
g 

tra
ile

r b
y 

m
ea

ns
 o

f a
 m

as
sl

es
s 

ro
pe

 a
t a

 c
on

st
an

t 
sp

ee
d 

of
 4

5  
km

.h
-1

 to
 th

e 
rig

ht
 a

s 
sh

ow
n 

in
 th

e 
di

ag
ra

m
 b

el
ow

.  
Th

e 
ro

pe
 s

na
ps

 a
nd

 th
e 

tra
ile

r c
on

tin
ue

s 
to

 m
ov

e 
to

 th
e 

rig
ht

 w
ith

 a
n 

in
iti

al
 v

el
oc

ity
 o

f 
9,

06
 m

.s
-1

. I
gn

or
e 

al
l e

ffe
ct

s 
of

 fr
ic

tio
n.

 

4.
1 

C
al

cu
la

te
 th

e 
sp

ee
d 

of
 th

e 
tru

ck
 a

fte
r t

he
 ro

pe
 s

na
pp

ed
. 

(4
) 

4.
2 

Th
e 

tru
ck

 c
ol

lid
es

 w
ith

 a
 w

al
l a

nd
 is

 b
ro

ug
ht

 to
 re

st
 in

 0
,2

 s
ec

on
ds

. 

4.
2.

1 
D

ef
in

e 
th

e 
te

rm
 im

pu
ls

e.
 

(2
) 

4.
2.

2 
C

al
cu

la
te

 th
e 

av
er

ag
e 

ne
t f

or
ce

 e
xe

rte
d 

by
 th

e 
w

al
l o

n 
th

e 
tru

ck
. 

(4
) 

[1
0]

 

1 
10

0 
kg

 
80

0 
kg
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op
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P
le
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e 
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rn

 o
ve

r 

Q
U

ES
TI

O
N
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  (

St
ar

t o
n 

a 
N

EW
 p

ag
e.

) 

A
 h

ot
 a

ir 
ba

llo
on

 o
f m

as
s 

24
5 

kg
 ri

se
s 

fro
m

 th
e 

gr
ou

nd
 o

n 
a 

w
in

dy
 d

ay
. T

he
 w

in
d 

bl
ow

s 
in

 th
e 

di
re

ct
io

n 
as

 s
ho

w
n 

in
 th

e 
di

ag
ra

m
, w

ith
 a

 fo
rc

e 
of

 1
87

0 
N

. T
he

 h
ot

 a
ir 

in
 

th
e 

ba
llo

on
 p

ro
vi

de
s 

an
 u

pw
ar

d 
fo

rc
e 

of
 3

 0
00

 N
, c

au
si

ng
 th

e 
ba

llo
on

 to
 ri

se
 1

2 
m

 
ve

rti
ca

lly
 u

pw
ar

ds
 w

ith
 a

 s
pe

ed
 o

f 1
5 

m
s-1

.  

5.
1 

D
ra

w
 a

 la
be

lle
d 

fre
e-

bo
dy

 d
ia

gr
am

 s
ho

w
in

g 
al

l f
or

ce
s 

ac
tin

g 
on

 th
e 

ba
llo

on
.  

(3
) 

5.
2 

C
al

cu
la

te
 th

e:
 

5.
2.

1 
W

or
k 

do
ne

 b
y 

gr
av

ita
tio

na
l f

or
ce

 
(3

) 

5.
2.

2 
N

et
 w

or
k 

do
ne

 o
n 

th
e 

ba
llo

on
 

(4
) 

5.
3 

S
ta

te
 th

e 
w

or
k-

en
er

gy
 th

eo
re

m
 in

 w
or

ds
. 

(2
) 

5.
4 

U
se

 th
e 

w
or

k-
en

er
gy

 th
eo

re
m

 to
 c

al
cu

la
te

 th
e 

ve
lo

ci
ty

 o
f t

he
 b

al
lo

on
 a

fte
r i

t 
ha

s 
ris

en
 1

2 
m

. 
(3

) 
[1
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B
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C
op

yr
ig

ht
 re

se
rv

ed
P

le
as

e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 6
 (S

ta
rt

 o
n 

a 
N

EW
 p

ag
e.

) 

6.
1 

In
 th

e 
di

ag
ra

m
 b

el
ow

, a
 p

ol
ic

e 
ca

r w
ith

 it
s 

si
re

n 
bl

ar
in

g,
 s

ta
tio

ne
d 

be
tw

ee
n 

tw
o 

st
at

io
na

ry
 o

bs
er

ve
rs

.  

6.
1.

1 
H

ow
 d

oe
s 

th
e 

fre
qu

en
cy

 d
et

ec
te

d 
by

 o
bs

er
ve

r 1
 c

om
pa

re
 to

 th
e 

fre
qu

en
cy

 d
et

ec
te

d 
by

 o
bs

er
ve

r 2
 w

hi
le

 th
e 

ca
r i

s 
st

at
io

na
ry

? 
 

C
ho

os
e 

fro
m

, G
R

EA
TE

R
 T

H
A

N
, L

E
SS

 T
H

AN
 o

r E
Q

U
A

L 
TO

.  
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

6.
1.

2 
Th

e 
po

lic
e 

ca
r s

ta
rts

 to
 m

ov
e 

in
 th

e 
di

re
ct

io
n 

in
di

ca
te

d 
by

 th
e 

ar
ro

w
 in

 
th

e 
di

ag
ra

m
. H

ow
 d

oe
s 

th
e 

fre
qu

en
cy

 d
et

ec
te

d 
by

 o
bs

er
ve

r 1
 c

om
pa

re
 

to
 th

e 
fre

qu
en

cy
 d

et
ec

te
d 

by
 o

bs
er

ve
r 2

? 
 

C
ho

os
e 

fro
m

: G
R

EA
TE

R
 T

H
A

N
, L

E
SS

 T
H

AN
 o

r E
Q

U
A

L 
TO

.  
(1

) 

6.
1.

3 
D

ra
w

 a
 d

ia
gr

am
 to

 s
up

po
rt 

th
e 

an
sw

er
 in

 Q
U

E
ST

IO
N

 6
.1

.2
. 

(3
) 

6.
1.

4 
N

A
M

E
 t

he
 p

he
no

m
en

on
 d

es
cr

ib
ed

 i
n 

Q
U

ES
TI

O
N

S
 6

.1
.1

 a
nd

 6
.1

.2
 

ab
ov

e.
 

(1
) 

O
bs

er
ve

r 1
 re

gi
st

er
s 

a 
fre

qu
en

cy
 o

f 1
 7

30
 H

z 
as

 th
e 

po
lic

e 
ca

r a
pp

ro
ac

he
s 

at
 

a 
co

ns
ta

nt
 v

el
oc

ity
 o

f 2
5 

m
.s

-1
. T

ak
e 

th
e 

ve
lo

ci
ty

 o
f s

ou
nd

 in
 a

ir 
as

 3
40

 m
.s

-1
.  

6.
1.

5 
C

al
cu

la
te

 th
e 

fre
qu

en
cy

 o
f t

he
 s

ire
n.

 
(5

) 

O
B

SE
R

VE
R

 1
 

O
B

SE
R

VE
R

 2
 

D
ire

ct
io

n 
of

 m
ot

io
n 
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C
op
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P
le

as
e 
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r 

6.
2 

Th
e 

sp
ec

tra
l l

in
es

 in
 th

e 
di

ag
ra

m
 b

el
ow

 re
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es
en

t t
he

 h
yd

ro
ge

n 
sp

ec
tru

m
 o

n 
di

ffe
re

nt
 s

ta
rs

. W
hi

ch
 o

f t
he

 s
ta

rs
 is

 m
ov

in
g 

aw
ay

 fa
st

es
t f

ro
m

 th
e 

R
ef

er
en

ce
 

st
ar

? 
E

xp
la

in
 y

ou
r a

ns
w

er
. 

(2
) 

[1
4]

 

(E
C

/S
EP

TE
M

B
ER

 2
01

8)
 

PH
YS

IC
A

L 
SC

IE
N

C
ES

 P
1 

13
 

C
op

yr
ig

ht
 re

se
rv

ed
P

le
as

e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 7
 (S

ta
rt

 o
n 

a 
N

EW
 p

ag
e.

) 

In
 F

IG
U

R
E

 1
 b

el
ow

 t
w

o 
id

en
tic

al
 p

oi
nt

 c
ha

rg
es

,  p
la

ce
d  

a 
di

st
an

ce
 X

 a
pa

rt,
 e

xe
rt 

a 
fo

rc
e 

of
 1

 9
20

 N
 o

n 
ea

ch
 o

th
er

. 

In
 F

IG
U

R
E

 2
, t

he
 c

ha
rg

es
 a

re
 s

ep
ar

at
ed

 a
 fu

rth
er

 6
 m

. T
he

 fo
rc

e 
ex

er
te

d 
by

 o
ne

 
ch

ar
ge

 o
n 

th
e 

ot
he

r i
s 

12
0 

N
. 

(2
) 

7.
1 

 

7.
2 

C
al

cu
la

te
 th

e:
 

7.
2.

1 
D

is
ta

nc
e 

X 
in

 m
et

re
s 

(5
) 

7.
2.

2 
M

ag
ni

tu
de

 o
f t

he
 c

ha
rg

es
 

(4
) 

7.
3 

Th
e 

ch
ar

ge
s 

ar
e 

re
tu

rn
ed

 to
 th

ei
r o

rig
in

al
 p

os
iti

on
s 

as
 in

 F
IG

U
R

E 
1.

 A
n 

el
ec

tro
n 

is
 lo

ca
te

d 
at

 p
oi

nt
 P

, a
 d

is
ta

nc
e 

of
 0

,2
 m

 to
 th

e 
rig

ht
 o

f c
ha

rg
e 

Q
2. 

 

C
al

cu
la

te
 th

e 
ne

t: 

7.
3.

1 
E

le
ct

ric
 fi

el
d 

at
 p

oi
nt

 P
 d

ue
 to

 th
e 

tw
o 

ch
ar

ge
s 

(5
) 

7.
3.

2 
Fo

rc
e 

ex
pe

rie
nc

ed
 b

y 
th

e 
el

ec
tro

n 
at

 p
oi

nt
 P

 d
ue

 to
 th

e 
tw

o 
ch

ar
ge

s 
(3

) 
[1

9]
 

+Q
1 

FI
G

U
R

E
 2

 

FI
G

U
R

E
 1

 
+Q

1 
+Q

2 

X 
(m

) (X
 +

 6
) m

 

+Q
2 

+Q
1 

+Q
 

+Q
1 

+Q
2 

X 
(m

) 
 0,

2 
m

 
P
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8.
1 

A
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ro
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f l
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er
s 

co
nd
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xp
er

im
en
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 d
et

er
m

in
e 

th
e 

em
f 

al
 

re
si

st
an

ce
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) o
f a
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at

te
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.  T
he

y 
bu

ild
 th

e 
ci

rc
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 la

be
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d 
A 

an
d 

B
 b

el
ow
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nd

 
re
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ei

r r
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di
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 T

he
 S

A
M

E 
B

AT
TE

R
Y 

an
d 
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e 

S
A

M
E
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ES
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TO

R
S

 a
re

 
us

ed
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 e
ac

h 
ex

pe
rim

en
t. 

C
IR

C
U

IT
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C

IR
C

U
IT

 B
 

Ex
pe

rim
en

t 
V l

oa
d (

V)
 

I ci
rc

ui
t (

A)
 

1 
20

,5
8 

1,
71

 
2 

14
,4

 
4,

8 

8.
1.

1 
W

hi
ch

 e
xp

er
im

en
t i

s 
re

pr
es

en
te

d 
by

 c
irc

ui
t A

? 
(1

) 

C
al

cu
la

te
 th

e:
 

8.
1.

2 
In

te
rn

al
 re

si
st

an
ce

 o
f t

he
 b

at
te

ry
 

(4
) 

8.
1.

3 
E

m
f o

f t
he

 b
at

te
ry

 
(2

) 

8.
1.

4 
R

es
is

ta
nc

e 
of

 e
ac

h 
re

si
st

or
 

(4
) 

8.
1.

5 
R

es
is

to
r R
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s 

no
w

 d
is
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ec
te

d 
fro

m
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irc
ui

t A
. H

ow
 w
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 c
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ng

e 
af

fe
ct
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el
ec
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l e
ne

rg
y 
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fe
rre

d 
pe

r s
ec

on
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e 
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tte
ry
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W

rit
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do
w

n 
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C
R

E
A

S
E

, D
E

C
R

E
A

SE
 o

r R
EM

A
IN

 T
H

E
 S

A
M

E
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E
xp

la
in

 y
ou

r a
ns

w
er

. 
(3

) 

8.
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Th
e 

co
st

 o
f 

el
ec

tri
ci

ty
 a

t 
a 

ce
rta

in
 m

un
ic

ip
al

ity
 is

 R
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20
 p
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 k

W
h.
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 b

ak
er

y 
op

er
at

e s
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 t

hr
ou

gh
 t
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 c

oi
l 

is
 1
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A
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C

al
cu

la
te
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ow

 m
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h 
th

e 
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ke
ry

 p
ay
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r 
el

ec
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ty
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er

 d
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e 
el

ec
tri

c 
ov

en
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se

d 
fo

r 6
 h

ou
rs
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er

 d
ay
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) 
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Q
U
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O
N

 9
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 o
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1 

Th
e 

si
m

pl
ifi

ed
 d
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gr
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el
ow
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se
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s 
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ge

ne
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to
r 

ro
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te
d 

in
 th

e 
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n 
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ow
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m
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S
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te

 th
e 

en
er

gy
 c

on
ve
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io

n 
th

at
 ta

ke
s 

pl
ac

e 
in

 th
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en

er
at

or
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) 

9.
1.

2 
Th

e 
ge

ne
ra

to
r i

s 
ro

ta
te

d 
cl

oc
kw

is
e 

as
 in

di
ca

te
d 

in
 th

e 
di

ag
ra

m
. W

ha
t 
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 th

e 
di

re
ct

io
n 
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 th

e 
cu

rre
nt

 in
 th

e 
se

ct
io

n 
PQ

 o
f t

he
 d

ev
ic

e?
 W

rit
e 

do
w

n 
on

ly
 P

 to
 Q

 o
r Q

 to
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(1

) 

9.
2 

Th
e 

di
ag

ra
m

 b
el

ow
 s

ho
w

s 
a 

si
m

pl
ifi

ed
 v

er
si

on
 fo

r p
ar

t o
f a

 h
ou

se
ho

ld
 w

iri
ng

 
ci

rc
ui

t. 
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e 
vo

lta
ge

 s
up

pl
y 

in
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 c
er

ta
in

 h
ou

se
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30

 V
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gh

t b
ul

b 
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ng
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re
si

st
an

ce
 o

f 
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vi
ng

 a
 

 a
re

 u
se

d 
at
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ce
rta

in
 ti

m
e 
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 s

ho
w

n 
in

 th
e 

di
ag

ra
m

 b
el

ow
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C
al

cu
la

te
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e:
 

9.
2.

1 
P

ea
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(m
ax

im
um

) v
ol

ta
ge

 o
f t

he
 d

om
es

tic
 s

up
pl

y 
(3

) 

9.
2.

2 
A

ve
ra

ge
 p

ow
er

 d
is

si
pa

te
d 

if 
th

e 
tw

o 
lig

ht
 b

ul
bs

 a
nd

 k
et

tle
 a

re
 u

se
d 

at
 

th
e 

sa
m

e 
tim

e 
(5

) 
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r 
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O
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 p
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t f
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 a
re

 s
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ne
 o

nt
o 
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 m
et

al
 p
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te
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 th
e 

m
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im
um
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ne
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 e
ne

rg
y 
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 e
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ed
 e

le
ct

ro
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 d

et
er

m
in

ed
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h 

tim
e.
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f m
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im
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et
ic

 e
ne

rg
y 

ve
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eq
ue
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y 
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r t
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et
al
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n 
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D

ef
in

e 
th
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rm
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or
k 

fu
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tio
n 
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 m
et

al
. 
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) 

10
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W

rit
e 

do
w

n 
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e 
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e 
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e 
w

or
k 
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n 
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 s

od
iu

m
 m

et
al
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) 

10
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m
e 
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ht

 p
ho
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 a
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de
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n 
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 m
et

al
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ow
 w
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e 
gr

ad
ie

nt
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h 

fo
r z
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c 

m
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 c
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re
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e 
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ie
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f t
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 g
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m
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et
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? 

W
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 T
H

A
N
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R

E
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E
R
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H

A
N
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Q
U

A
L 
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.  

G
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e 
a 

re
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on
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r y
ou

r a
ns

w
er
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) 
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C

al
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te

 th
e:
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ue
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y 
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te

d 
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e 
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h 
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) 
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W
av

el
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h 
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e 
in
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ho
to
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 c
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e 
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d 
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C
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ig
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se
rv
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ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 1
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M
U

LT
IP

LE
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H
O
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E 

Q
U

ES
TI

O
N

S 

Va
rio

us
 o

pt
io

ns
 a

re
 p

ro
vi

de
d 
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 p

os
si

bl
e 

an
sw

er
s 
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 th

e 
fo

llo
w

in
g 

qu
es

tio
ns

. C
ho

os
e 

th
e 

an
sw

er
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rit
e 
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e 

le
tte

r 
(A

–D
) 

ne
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 to
 th

e 
qu

es
tio

n 
nu

m
be

r 
(1
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.1
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th
e 
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ER
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O
O
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m
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e 
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1.
1 

A 
co

ns
ta

nt
 h

or
iz

on
ta

l 
fo

rc
e 

F 
is

 a
pp

lie
d 

to
 a

 b
ox

 r
es

tin
g 

on
 a

 h
or

iz
on

ta
l, 

fri
ct

io
nl

es
s 

su
rfa

ce
.  

W
h i

ch
 O

N
E 

o f
 th

e 
fo

llo
w

in
g 

st
at

em
en

ts
 re

ga
rd

in
g 

fo
rc

e 
F 

is
 C

O
R

R
EC

T?
 

Fo
rc

e 
F 

w
ill 

ca
us

e 
th

e 
bo

x 
to

 m
ov

e 
w

ith
 …

 

A B C
 

D
  

co
ns

ta
nt

 a
cc

el
er

at
io

n.
 

co
ns

ta
nt

 v
el

oc
ity

. 

co
ns

ta
nt

 k
in

et
ic

 e
ne

rg
y.

  

co
ns

ta
nt

 m
om

en
tu

m
. 

(2
) 

1.
2 

A 
bl

oc
k 

re
st

s 
on

 a
 t

ab
le

. 
Th

e 
ta

bl
e 

st
an

ds
 o

n 
a 

co
nc

re
te

 f
lo

or
. 

Th
e 

no
rm

al
 

fo
rc

e 
is

 re
pr

es
en

te
d 

by
 N

, a
s 

sh
ow

n 
in

 th
e 

di
ag

ra
m

 b
el

ow
. 

W
hi

ch
 O

N
E 

of
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e 
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w

in
g 
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rc
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ill 
fo

rm
 a

n 
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tio
n-

re
ac

tio
n 

pa
ir 

w
ith

 th
e 

no
rm

al
 fo

rc
e 

(N
)?

 

A B C
 

D
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e 
of

 th
e 
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k 
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 th
e 

Ea
rth

 

Fo
rc

e 
of

 th
e 
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k 
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 th
e 
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bl

e 

Fo
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e 
of

 th
e 
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bl

e 
su

rfa
ce

 o
n 

th
e 
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oc

k 

Fo
rc

e 
of

 th
e 

bl
oc

k 
on

 th
e 
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re
te

 fl
oo

r 
(2

) 
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N
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 fl
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k
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ed
 

Pl
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se
 tu
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 o

ve
r 

1.
3 

A 
sm

al
l 

st
on

e 
is

 d
ro

pp
ed

 f
ro

m
 a

 h
ei

gh
t 

y 
ab

ov
e 

th
e 

gr
ou

nd
. 

It 
st

rik
es

 t
he

 
gr

ou
nd

 a
fte

r t
im

e 
t, 
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 s

ho
w

n 
in

 th
e 

di
ag

ra
m

 b
el
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.  
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s 

th
e 
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si

tiv
e 

di
re

ct
io

n 
an

d 
th

e 
gr

ou
nd
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s 
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ro

 r
ef

er
en

ce
. 

Ig
no

re
 th

e 
ef

fe
ct

s 
of

 a
ir 

re
si

st
an

ce
.  

W
hi

ch
 O

N
E 

of
 th

e 
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llo
w

in
g 
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ag

ra
m

s 
sh

ow
s 

a 
co

rre
ct

 p
os

iti
on

-ti
m

e 
gr

ap
h 
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r 

th
e 

m
ot
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of
 th

e 
st
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e?
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ve
r 

C
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d 
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m
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1.
4 

Le
ar

ne
rs

 p
er

fo
rm

 a
n 

ex
pe

rim
en

t 
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in
g 

id
en

tic
al

 t
ro

lle
ys

, 
ea
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f 
m
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s 

m
.  

Th
e 
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lle
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 a

re
 a

rra
ng
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s 
sh
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n 
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m
 b
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y 
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t 
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a 

fri
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s 
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 c
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s 

sp
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W
he

n 
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e 
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g 
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 r
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d 

it 
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lls
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 d
ow

n 
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d 
th

e 
si

ng
le
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ro

lle
y 

m
ov

es
 w

ith
 m

om
en

tu
m
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 to

 th
e 

le
ft.

  
Th

e 
m

ag
ni

tu
de

 o
f 

th
e 

m
om

en
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m
 o

f 
th

e 
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o 
tro
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ys

 m
ov

in
g 

to
 t
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ht

 
w

ill 
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p 

(2
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1.
5 

A 
pe
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 b

ob
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 r
el

ea
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d 
fro

m
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nt
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bo
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 h
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iz
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l s
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fa
ce

. A
t t
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lo
w

es
t p
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nt
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 c
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at
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n 
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fri
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ur
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w
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r f
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n.
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 th
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m
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 b
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r 
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w
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e 
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k?
 

SP
EE

D
 A

T 
Q

 
SP

EE
D

 A
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N 
A 
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at
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n 
of

 li
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C
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m
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C

 
C
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C
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C
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rv
at

io
n 

of
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m

om
en

tu
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C
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n 
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m
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m

 
(2

) 

pe
nd
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 b
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oc

k 
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1.
6 

W
hi

ch
 O

N
E 

of
 th

e 
st

at
em

en
ts

 b
el

ow
 a

bo
ut

 th
e 

D
op

pl
er

 e
ffe

ct
 is

 C
O

R
R

EC
T?

 

A B C
 

D
  

Th
e 

D
op

pl
er

 e
ffe

ct
 is

 o
nl

y 
ap

pl
ic

ab
le

 to
 s

ou
nd

 w
av

es
. 

Th
e 

D
op

pl
er

 e
ffe

ct
 c

an
 b

e 
us

ed
 to

 e
xp

la
in

 th
e 

ex
pa

nd
in

g 
un

iv
er

se
. 

El
ec

tro
ns

 a
re

 e
je

ct
ed

 f
ro

m
 a

 m
et

al
 s

ur
fa

ce
 b

y 
m

ea
ns

 o
f 

th
e 

D
op

pl
er

 
ef

fe
ct

. 

A 
st

at
io

na
ry

 li
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en
er

 h
ea

rs
 a

 lo
w

er
 p

itc
h 
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 th

e 
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un
d 

fro
m

 a
 s

ire
n 

of
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n 
ap

pr
oa

ch
in

g 
ve

hi
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e 
be
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us

e 
of

 th
e 

D
op

pl
er

 e
ffe

ct
. 

(2
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1.
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e 

m
ag
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de
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f t
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 e
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ro

st
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e 
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 c
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Q
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 c
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Q
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ot
h 
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e 
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w

 d
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g 
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e 

di
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an
ce

 b
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T h
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m
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tu

de
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 e
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st
at
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A B C
 

D
 

2F
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(2
) 

1.
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Fo
ur

 id
en

tic
al

 b
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e 
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 c
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w
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 re
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.  

W
hi

ch
 O

N
E 

of
 t

he
 f

ol
lo

w
in

g 
st

at
em

en
ts

 a
bo

ut
 t

he
 b

rig
ht

ne
ss

 o
f 

bu
lb

s 
P,

 Q
,  

R
 a

nd
 S

 is
 C

O
R

R
EC

T?
 

A B C
 

D
 

P 
bu

rn
s 

br
ig

ht
er

 th
an

 R
. 

S 
an

d 
Q

 b
ur

n 
br

ig
ht

er
 th

an
 P

 a
nd

 R
.  

  

P 
an

d 
R

 b
ur

n 
br

ig
ht

er
 th

an
 S

 a
nd

 Q
. 

AL
L 

th
e 

bu
lb

s 
bu

rn
 w

ith
 th

e 
sa

m
e 

br
ig

ht
ne

ss
. 

(2
)
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C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Ek(max) (J) P 

Q
 

1.
9 

W
hi

ch
 O

N
E 

of
 th

e 
en

er
gy

 c
on

ve
rs

io
ns

 b
el

ow
 ta

ke
s 

pl
ac

e 
w

he
n 

a 
DC

 m
ot

or
 is

 
in

 o
pe

ra
tio

n?
  

A B C
 

D
  

Ki
ne

tic
 to

 e
le

ct
ric

al
 

H
ea

t t
o 

m
ec

ha
ni

ca
l 

M
ec

ha
ni

ca
l t

o 
el

ec
tri

ca
l  

El
ec

tri
ca

l t
o 

m
ec

ha
ni

ca
l 

(2
) 

1.
10

 
In

 a
n 

in
ve

st
ig

at
io

n 
on

 th
e 

ph
ot

oe
le

ct
ric

 e
ffe

ct
, t

he
 g

ra
ph

 o
f m

ax
im

um
 k

in
et

ic
 

en
er

gy
 (

E k
(m

ax
)) 

ve
rs

us
 f

re
qu

en
cy

 (
f) 

w
as

 o
bt

ai
ne

d 
fo

r 
a 

ce
rta

in
 m

et
al

, 
as

 
sh

ow
n 

be
lo

w
. 

Th
e 

in
te

rc
ep

ts
, P

 a
nd

 Q
 re

sp
ec

tiv
el

y,
 re

pr
es

en
t …

 

A B C
 

D
 

Pl
an

ck
's

 c
on

st
an

t a
nd

 th
re

sh
ol

d 
fre

qu
en

cy
. 

w
or

k 
fu

nc
tio

n 
an

d 
th

re
sh

ol
d 

fre
qu

en
cy

. 

th
re

sh
ol

d 
fre

qu
en

cy
 a

nd
 w

or
k 

fu
nc

tio
n.

 

th
re

sh
ol

d 
fre

qu
en

cy
 a

nd
 P

la
nc

k'
s 

co
ns

ta
nt

. 
(2

) 
[2

0]
 

f (
H

z)
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C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Ti
m

e 
(s

) 
3 

Velocity (m∙s
-1

) 

2 

Y X 

Z 2 
7 

F 

30
o  

5 
kg

 

P 
Q

 

2 
kg

 
st

rin
g 

2 
m
∙s

-1
  

R
ou

gh
 s

ur
fa

ce
 

Q
U

ES
TI

O
N

 2
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

Tw
o 

bo
xe

s,
 P

 a
nd

 Q
, r

es
tin

g 
on

 a
 r

ou
gh

 h
or

iz
on

ta
l s

ur
fa

ce
, a

re
 c

on
ne

ct
ed

 b
y 

a 
lig

ht
 

in
ex

te
ns

ib
le

 s
tri

ng
. 

Th
e 

bo
xe

s 
ha

ve
 m

as
se

s 
5 

kg
 a

nd
 2

 k
g 

re
sp

ec
tiv

el
y.

 A
 c

on
st

an
t 

fo
rc

e 
F,

 a
ct

in
g 

at
 a

n 
an

gl
e 

of
 3

0o  to
 th

e 
ho

riz
on

ta
l, 

is
 a

pp
lie

d 
to

 th
e 

5 
kg

 b
ox

, a
s 

sh
ow

n 
be

lo
w

. 

T h
e 

tw
o 

bo
xe

s 
no

w
 m

ov
e 

to
 th

e 
rig

ht
 a

t a
 c

on
st

an
t s

pe
ed

 o
f 2

 m
∙s

-1
. 

2.
1 

St
at

e 
N

ew
to

n'
s 

Fi
rs

t L
aw

 o
f M

ot
io

n 
in

 w
or

ds
. 

(2
) 

2.
2 

D
ra

w
 a

 la
be

lle
d 

fre
e-

bo
dy

 d
ia

gr
am

 fo
r b

ox
 Q

. 
(4

) 

Bo
x 

P 
ex

pe
rie

nc
es

 a
 c

on
st

an
t 

fri
ct

io
na

l f
or

ce
 o

f 
5 

N
 a

nd
 b

ox
 Q

 a
 c

on
st

an
t 

fri
ct

io
na

l f
or

ce
 o

f 3
 N

. 

Th
e 

st
rin

g 
co

nn
ec

tin
g 

P 
an

d 
Q

 s
ud

de
nl

y 
br

ea
ks

 a
fte

r 3
 s

 w
hi

le
 fo

rc
e 

F 
is

 s
til

l 
be

in
g 

ap
pl

ie
d.

 

Le
ar

n e
rs

 d
ra

w
 th

e 
ve

lo
ci

ty
-ti

m
e 

gr
ap

h 
fo

r 
th

e 
m

ot
io

n 
of

 P
 a

nd
 Q

 b
ef

or
e 

an
d 

af
te

r t
he

 s
tri

ng
 b

re
ak

s,
 a

s 
sh

ow
n 

be
lo

w
. 

2.
4 

W
rit

e 
do

w
n 

th
e 

tim
e 

at
 w

hi
ch

 th
e 

st
rin

g 
br

ea
ks

. 
(1

) 

2.
5 

W
hi

ch
 p

or
tio

n 
(X

, Y
 o

r 
Z)

 o
f t

he
 g

ra
ph

 r
ep

re
se

nt
s 

th
e 

m
ot

io
n 

of
 b

ox
 Q

, a
fte

r 
th

e 
st

rin
g 

br
ea

ks
? 

U
se

 
th

e 
in

fo
rm

at
io

n 
in

 
th

e 
gr

ap
h 

to
 

fu
lly

 
su

pp
or

t 
th

e 
an

sw
er

. 
(4

) 
[1

7]
 

2.
3 

C
al

cu
la

te
 th

e 
m

ag
ni

tu
de

 o
f f

or
ce

 F
.  

(6
)
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C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

velocity (m∙s
-1

) 

tim
e 

(s
) 

29
,6

 

10
 

2 
2,

2 

X

4,
95

5 

27
 

7,
71

 

-2
5

 T
 

8 
0 

Q
U

ES
TI

O
N

 3
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

A 
ba

ll 
is

 th
ro

w
n 

ve
rt

ic
al

ly
 d

ow
nw

ar
ds

 fr
om

 th
e 

to
p 

of
 a

 b
ui

ld
in

g 
an

d 
bo

un
ce

s 
a 

fe
w

 
tim

es
 a

s 
it 

hi
ts

 th
e 

gr
ou

nd
. T

he
 v

el
oc

ity
-ti

m
e 

gr
ap

h 
be

lo
w

 d
es

cr
ib

es
 th

e 
m

ot
io

n 
of

 th
e 

ba
ll  

fro
m

 th
e 

tim
e 

it 
is

 th
ro

w
n,

 u
p 

to
 a

 c
er

ta
in

 ti
m

e 
T.

  

T a
ke

 d
ow

nw
ar

ds
 a

s 
th

e 
po

si
tiv

e 
di

re
ct

io
n 

an
d 

th
e 

gr
ou

nd
 a

s 
ze

ro
 re

fe
re

nc
e.

 T
he

 g
ra

ph
 

is
 N

O
T 

dr
aw

n 
to

 s
ca

le
. T

he
 e

ffe
ct

s 
of

 a
ir 

fri
ct

io
n 

ar
e 

ig
no

re
d.

 

     3.
1 

W
rit

e 
do

w
n 

th
e 

sp
ee

d 
w

ith
 w

hi
ch

 th
e 

ba
ll 

is
 th

ro
w

n 
do

w
nw

ar
ds

. 
(1

) 

3.
2 

AL
L 

pa
rts

 o
f t

he
 g

ra
ph

 h
av

e 
th

e 
sa

m
e 

gr
ad

ie
nt

. G
iv

e 
a 

re
as

on
 fo

r t
hi

s.
 

(2
) 

3.
3 

C
al

cu
la

te
 th

e:
  

3.
3.

1 
H

ei
gh

t f
ro

m
 w

hi
ch

 th
e 

ba
ll 

is
 th

ro
w

n 
(3

) 

3.
3.

2 
Ti

m
e 

(T
) s

ho
w

n 
on

 th
e 

gr
ap

h 
(4

) 

3.
4 

W
rit

e 
do

w
n 

th
e:

 

3.
4.

1 
Ti

m
e 

th
at

 th
e 

ba
ll 

is
 in

 c
on

ta
ct

 w
ith

 th
e 

gr
ou

nd
 a

t t
he

 fi
rs

t b
ou

nc
e 

(1
) 

3.
4.

2 
Ti

m
e 

at
 w

hi
ch

 t
he

 b
al

l r
ea

ch
es

 it
s 

m
ax

im
um

 h
ei

gh
t 

af
te

r 
th

e 
fir

st
 

bo
un

ce
 

(2
) 

3.
4.

3 
Va

lu
e 

of
 X

 
(1

) 

3.
5 

Is
 th

e 
co

llis
io

n 
of

 th
e 

ba
ll 

w
ith

 th
e 

gr
ou

nd
 e

la
st

ic
 o

r 
in

el
as

tic
? 

G
iv

e 
a 

re
as

on
 

fo
r t

he
 a

ns
w

er
 u

si
ng

 in
fo

rm
at

io
n 

in
 th

e 
gr

ap
h.

 
(2

) 
[1

6]
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C
op
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se
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Pl
ea

se
 tu

rn
 o

ve
r 

ca
t 

A
 

B
 

su
rfa

ce
 

A
 

B
 

ca
t 

3 
m
∙s

-1
 

su
rfa

ce
 

Q
U

ES
TI

O
N

 4
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

Th
e 

di
ag

ra
m

 b
el

ow
 s

ho
w

s 
tw

o 
sk

at
eb

oa
rd

s,
 A

 a
nd

 B
, 

in
iti

al
ly

 a
t 

re
st

, 
w

ith
 a

 c
at

 
st

an
di

ng
 o

n 
sk

at
eb

oa
rd

 A
. T

he
 s

ka
te

bo
ar

ds
 a

re
 in

 a
 s

tra
ig

ht
 li

ne
, o

ne
 in

 fr
on

t o
f 

th
e 

ot
he

r a
nd

 a
 s

ho
rt 

di
st

an
ce

 a
pa

rt.
 T

he
 s

ur
fa

ce
 is

 fl
at

, f
ric

tio
nl

es
s 

an
d 

ho
riz

on
ta

l. 

4.
1 

St
at

e 
th

e 
pr

in
ci

pl
e 

of
 c

on
se

rv
at

io
n 

of
 li

ne
ar

 m
om

en
tu

m
 in

 w
or

ds
. 

(2
) 

EA
C

H
 

sk
at

eb
oa

rd
 

ha
s 

a 
m

as
s 

of
 

3,
5 

kg
. 

Th
e 

ca
t, 

of
 

m
as

s 
2,

6 
kg

, 
ju

m
ps

  
fro

m
 s

ka
te

bo
ar

d 
A 

w
ith

 a
 h

or
iz

on
ta

l v
el

oc
ity

 o
f 3

 m
∙s

-1
 a

nd
 la

nd
s 

on
 s

ka
te

bo
ar

d 
B

 w
ith

 
th

e 
sa

m
e 

ve
lo

ci
ty

 o
f 3

 m
∙s

-1
. 

R
ef

er
 to

 th
e 

di
ag

ra
m

 b
el

ow
. 

4.
2 

C
al

cu
la

te
 th

e 
ve

lo
ci

ty
 o

f s
ka

te
bo

ar
d 

A 
ju

st
 a

fte
r t

he
 c

at
 h

as
 ju

m
pe

d 
fro

m
 it

. 
(5

) 

4.
3 

Im
m

ed
ia

te
ly

 a
fte

r 
th

e 
ca

t 
ha

s 
la

nd
ed

, 
th

e 
ca

t 
an

d 
sk

at
eb

oa
rd

 B
 m

ov
e 

ho
riz

on
ta

lly
 to

 th
e 

rig
ht

 a
t 1

,2
8 

m
∙s

-1
. 

C
al

cu
la

te
 t

he
 m

ag
ni

tu
de

 o
f 

th
e 

im
pu

ls
e 

on
 s

ka
te

bo
ar

d 
B

 a
s 

a 
re

su
lt 

of
 t

he
 

ca
t's

 la
nd

in
g.

 
(3

) 
[1

0]
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C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

30
o 

P

Q

3 
m

 

R
 

5 
m

 

Q
U

ES
TI

O
N

 5
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

5.
2 

C
al

cu
la

te
 th

e 
sp

ee
d 

of
 th

e 
le

ar
ne

r a
t Q

. 
(4

) 

Th
e 

co
ef

fic
ie

nt
 

of
 

ki
ne

tic
 

fri
ct

io
n 

(μ
k) 

be
tw

ee
n 

th
e 

le
ar

ne
r 

an
d 

th
e 

su
rfa

ce
 

of
  

se
ct

io
n 

Q
R

 is
 0

,0
8.

  

A 
sl

id
e,

 P
Q

R
, a

t a
n 

am
us

em
en

t p
ar

k 
co

ns
is

ts
 o

f a
 c

ur
ve

d 
fri

ct
io

nl
es

s 
se

ct
io

n,
 P

Q
, a

nd
 

a 
se

ct
io

n,
 Q

R
, 

w
hi

ch
 i

s 
ro

ug
h,

 s
tra

ig
ht

 a
nd

 i
nc

lin
ed

 a
t 

30
o  t

o 
th

e 
ho

riz
on

ta
l. 

Th
e 

st
ar

tin
g 

po
in

t, 
P,

 is
 3

 m
 a

bo
ve

 p
oi

nt
 Q

. T
he

 s
tra

ig
ht

 s
ec

tio
n,

 Q
R

, i
s 

5 
m

 lo
ng

. 

A 
le

ar
ne

r, 
w

ith
 m

as
s 

50
 k

g,
 s

ta
rti

ng
 f

ro
m

 r
es

t 
at

 P
, 

sl
id

es
 d

ow
n 

se
ct

io
n 

PQ
, 

th
en

 
co

nt
in

ue
s 

do
w

n 
th

e 
st

ra
ig

ht
 s

ec
tio

n,
 Q

R
. 

5.
1 

St
at

e 
th

e 
la

w
 o

f c
on

se
rv

at
io

n 
of

 m
ec

ha
ni

ca
l e

ne
rg

y 
in

 w
or

ds
. 

(2
) 

5.
3 

D
ra

w
 

a 
la

be
lle

d 
fre

e-
bo

dy
 

di
ag

ra
m

 f
or

 
th

e 
le

ar
ne

r 
w

hi
le

 
he

/s
he

 
is

 
on

 
se

ct
io

n 
Q

R
. 

(3
) 

5.
4 

C
al

cu
la

te
 t

he
 m

ag
ni

tu
de

 o
f 

th
e 

ki
ne

tic
 f

ric
tio

na
l f

or
ce

 a
ct

in
g 

on
 t

he
 l

ea
rn

er
 

w
he

n 
th

e 
le

ar
ne

r i
s 

on
 s

ec
tio

n 
Q

R
. 

(3
) 

5.
5 

U
se

 e
ne

rg
y 

pr
in

ci
pl

es
 to

 c
al

cu
la

te
 th

e 
sp

ee
d 

of
 th

e 
le

ar
ne

r a
t p

oi
nt

 R
.  

(5
) 

[1
7]
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C
op
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 re
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ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

O
bs

er
ve

r A
 

O
bs

er
ve

r B
 

Po
lic

e 
ca

r 

Q
U

ES
TI

O
N

 6
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

A 
po

lic
e 

ca
r 

is
 m

ov
in

g 
at

 a
 c

on
st

an
t s

pe
ed

 o
n 

a 
st

ra
ig

ht
 h

or
iz

on
ta

l r
oa

d.
 T

he
 s

ire
n 

of
 

th
e 

ca
r e

m
its

 s
ou

nd
 o

f c
on

st
an

t f
re

qu
en

cy
. 

EA
C

H
 o

f t
w

o 
ob

se
rv

er
s,

 A
 a

nd
 B

, s
ta

nd
in

g 
so

m
e 

di
st

an
ce

 a
pa

rt 
on

 th
e 

sa
m

e 
si

de
 o

f 
th

e 
ro

ad
, r

ec
or

ds
 th

e 
fre

qu
en

cy
 o

f t
he

 d
et

ec
te

d 
so

un
d.

  

O
bs

er
v e

r 
A 

re
co

rd
s 

a 
fre

qu
en

cy
 o

f 
69

0 
H

z 
an

d 
ob

se
rv

er
 B

 r
ec

or
ds

 a
 f

re
qu

en
cy

 
of

 6
10

 H
z.

   

6.
1 

St
at

e 
th

e 
D

op
pl

er
 E

ffe
ct

 in
 w

or
ds

. 
(2

) 

6.
2 

In
 

w
hi

ch
 

di
re

ct
io

n 
is

 
th

e 
ca

r 
m

ov
in

g?
 

C
ho

os
e 

fro
m

 
TO

W
AR

D
S 

A 
or

 
AW

AY
 F

R
O

M
 A

. G
iv

e 
a 

re
as

on
 fo

r t
he

 a
ns

w
er

. 
(2

) 

6.
3 

D
et

er
m

in
e 

th
e 

sp
ee

d 
of

 t
he

 p
ol

ic
e 

ca
r. 

Ta
ke

 t
he

 s
pe

ed
 o

f 
so

un
d 

in
 a

ir 
as

 3
40

 m
.s

-1
. 

(6
) 

6.
4 

N
am

e 
O

N
E 

ap
pl

ic
at

io
n 

of
 th

e 
D

op
pl

er
 e

ffe
ct

. 
(1

) 
[1

1]
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C
op

yr
ig

ht
 re

se
rv

ed
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 d
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 c
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 c
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t c
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 b
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ra
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 d
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 d
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 p
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 c
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 b
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 c
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r d
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 c
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e 

tw
o 

gr
ap

hs
 b
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R
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 d
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 c
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r m
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 m
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 o
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e 

ac
ce

le
ra

tio
n 

du
e 

to
 g

ra
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n.

 

Th
e 

m
as

s 
of

 a
n 

ob
je

ct
 o

n 
Ea

rth
 is

 th
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n.
 

Th
e 

w
ei

gh
t o

f a
n 

ob
je

ct
 o

n 
E

ar
th

 is
 le

ss
 th

an
 th

at
 o

n 
th

e 
m

oo
n.

 
(2

) 

1.
2 

Th
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ch
 O

N
E

 o
f 

th
e 

ve
lo

ci
ty

-ti
m

e 
gr

ap
hs

 b
el

ow
 C

O
R

R
E

C
TL

Y 
re

pr
es

en
ts

 t
he

 
ve

lo
ci

ty
 o

f t
he

 tr
ol

le
y 

be
fo

re
 a

nd
 a

fte
r t

im
e 

t?
 

A
 

B
 

C
 

D
 

   

 
(2

) 

1.
5 

A
 p

er
so

n 
lif

ts
 a

 c
ra

te
 v

er
tic

al
ly

 u
pw

ar
ds

 a
t 

co
ns

ta
nt

 v
el

oc
ity

 t
hr

ou
gh

 a
 

di
st

an
ce

 h
. T

he
 p

er
so

n 
do

es
 w

or
k 

x 
on

 th
e 

cr
at

e 
in

 ti
m

e 
t. 

Th
e 

pe
rs

on
 n

ow
 li

fts
 t

he
 s

am
e 

cr
at

e 
ve

rti
ca

lly
 u

pw
ar

ds
 a

t 
co

ns
ta

nt
 v

el
oc

ity
 

th
ro

ug
h 

th
e 

sa
m

e 
di

st
an

ce
, b

ut
 in

 ti
m

e 
2t

. 

Th
e 

w
or

k 
do

ne
 b

y 
th

e 
pe

rs
on

 o
n 

th
e 

cr
at

e 
w

ill 
no

w
 b

e 
…

 

A
 

B
 

C
 

D
 

½
x 

x 2x
 

4x
 

(2
) 

-1
) 

   
v -v

t(s
) 

t 
t(s

) 

 v
 

t 
-½

 v

-1
) 

   
 v

 
½

 v
 

v (ms
-1

) 

t(s
) 

t 

v (ms
-1

) 

t(s
) 

2v
 

v 

t 
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ci

en
ce

s/
P

1 
6 

D
BE

/N
ov

em
be

r 2
01

7 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

P 1
 

P 2
 

P 2
 

P 1
 

 
 

D
ia

gr
am

 I 
D

ia
gr

am
 II

 

1.
6  

Th
e 

w
av

el
en

gt
hs

 o
f 

lig
ht

 e
m

itt
ed

 b
y 

a 
di

st
an

t 
st

ar
 a

pp
ea

r 
sh

or
te

r 
w

he
n 

ob
se

rv
ed

 fr
om

 E
ar

th
. F

ro
m

 th
is

 w
e 

ca
n 

co
nc

lu
de

 th
at

 th
e 

st
ar

 is
 …

 

A
 

B
 

C
 

D
 

m
ov

in
g 

to
w

ar
ds

 E
ar

th
 a

nd
 th

e 
lig

ht
 is

 b
lu

e 
sh

ift
ed

. 

m
ov

in
g 

to
w

ar
ds

 E
ar

th
 a

nd
 th

e 
lig

ht
 is

 re
d 

sh
ift

ed
. 

m
ov

in
g 

aw
ay

 fr
om

 E
ar

th
 a

nd
 th

e 
lig

ht
 is

 re
d 

sh
ift

ed
. 

m
ov

in
g 

aw
ay

 fr
om

 E
ar

th
 a

nd
 th

e 
lig

ht
 is

 b
lu

e 
sh

ift
ed

. 
(2

) 

1.
7 

Tw
o 

id
en

tic
al

 li
gh

t g
ra

ph
ite

-c
oa

te
d 

sp
he

re
s,

 P
1 

an
d 

P
2,

 a
re

 s
us

pe
nd

ed
 u

si
ng

 
id

en
tic

al
 th

in
 in

su
la

te
d 

th
re

ad
s.

 P
1 

is
 c

ha
rg

ed
, b

ut
 P

2 
is

 n
eu

tra
l. 

Th
e 

sp
he

re
s 

ar
e 

th
en

 b
ro

ug
ht

 i
nt

o 
co

nt
ac

t 
w

ith
 e

ac
h 

ot
he

r, 
as

 s
ho

w
n 

in
 d

ia
gr

am
 I

. 
Th

er
ea

fte
r t

he
 s

ph
er

es
 a

ss
um

e 
th

e 
po

si
tio

ns
, a

s 
sh

ow
n 

in
 d

ia
gr

am
 II

. 

W
hi

ch
 O

N
E

 o
f 

th
e 

fo
llo

w
in

g 
st

at
em

en
ts

 c
on

ce
rn

in
g 

th
e 

ch
ar

ge
s 

on
 t

he
 

sp
he

re
s 

po
ss

ib
ly

 e
xp

la
in

s 
w

hy
 t

he
 s

ph
er

es
 m

ov
e 

ap
ar

t 
af

te
r 

to
uc

hi
ng

, 
as

 
sh

ow
n 

in
 d

ia
gr

am
 II

? 

SI
G

N
 O

F 
C

H
A

R
G

E 
O

N
 P

1 
SI

G
N

 O
F 

C
H

A
R

G
E 

O
N

 P
2 

M
AG

N
IT

U
D

E 
O

F 
C

H
A

R
G

ES
 O

N
 P

1 
A

N
D

 P
2 

A
 

+ 
+ 

U
ne

qu
al

 
B

 
- 

- 
U

ne
qu

al
 

C
 

+ 
 

- 
E

qu
al

 
D

 
+ 

 
+ 

 
E

qu
al

 
(2

) 
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D
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ov

em
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r 2
01
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N
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C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

A
B

C
D

1 .
8 

W
he

n 
a 

re
si

st
or

 o
f 

re
si

st
an

ce
 R

 i
s 

co
nn

ec
te

d 
to

 a
 b

at
te

ry
 o

f 
em

f 
 a

nd
 

ne
gl

ig
ib

le
 in

te
rn

al
 re

si
st

an
ce

, t
he

 p
ow

er
 d

is
si

pa
te

d 
in

 th
e 

re
si

st
or

 is
 P

. 

If 
th

e 
re

si
st

or
 is

 r
ep

la
ce

d 
w

ith
 a

 r
es

is
to

r 
of

 r
es

is
ta

nc
e 

2R
, 

w
ith

ou
t 

ch
an

gi
ng

 
th

e 
ba

tte
ry

, t
he

 p
ow

er
 d

is
si

pa
te

d 
w

ill 
be

 …
  

A
 

B
 

C
 

D
  

¼
P

 

½
P

 

2P
 

4P
 

(2
) 

1.
9 

Th
e 

di
ag

ra
m

 b
el

ow
 s

ho
w

s 
a 

cu
rre

nt
-c

ar
ry

in
g 

co
nd

uc
to

r 
ly

in
g 

in
 a

 u
ni

fo
rm

 
m

ag
ne

tic
 fi

el
d 

di
re

ct
ed

 to
 th

e 
rig

ht
. T

he
 c

ur
re

nt
 fl

ow
s 

in
to

 th
e 

pa
ge

. 

W
hi

ch
 

O
N

E 
of

 
th

e 
fo

llo
w

in
g 

ar
ro

w
s 

sh
ow

s 
th

e 
di

re
ct

io
n 

of
 

th
e 

fo
rc

e 
ex

pe
rie

nc
ed

 b
y 

th
e 

co
nd

uc
to

r d
ue

 to
 th

e 
m

ag
ne

tic
 fi

el
d?

 

 
(2

) 

1.
10

 
Li

gh
t o

f a
 c

er
ta

in
 fr

eq
ue

nc
y 

is
 s

ho
ne

 o
nt

o 
a 

m
et

al
 M

 a
nd

 e
le

ct
ro

ns
 a

re
 e

je
ct

ed
 

fro
m

 th
e 

su
rfa

ce
. T

he
 s

am
e 

so
ur

ce
 o

f l
ig

ht
 is

 s
ho

ne
 o

nt
o 

an
ot

he
r m

et
al

 N
.  

Th
e 

el
ec

tro
ns

 e
je

ct
ed

 fr
om

 th
e 

su
rfa

ce
 o

f m
et

al
 N

 h
av

e 
a 

m
uc

h 
hi

gh
er

 k
in

et
ic

 
en

er
gy

 th
an

 th
at

 fr
om

 m
et

al
 M

. 

Th
is

 m
ea

ns
 th

at
 …

 

A
 

B
 

C
 

D
 

m
et

al
 N

 h
as

 th
e 

sa
m

e 
w

or
k 

fu
nc

tio
n 

as
 m

et
al

 M
. 

m
et

al
 N

 h
as

 a
 la

rg
er

 w
or

k 
fu

nc
tio

n 
th

an
 m

et
al

 M
. 

th
e 

th
re

sh
ol

d 
fre

qu
en

cy
 o

f m
et

al
 N

 is
 h

ig
he

r t
ha

n 
th

at
 o

f m
et

al
 M

. 

th
e 

th
re

sh
ol

d 
fre

qu
en

cy
 o

f m
et

al
 N

 is
 lo

w
er

 th
an

 th
at

 o
f m

et
al

 M
. 

(2
) 

[2
0]

 

co
nd

uc
to

r 
m

ag
ne

tic
 fi

el
d 
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en
ce
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P

1 
8 

D
BE

/N
ov

em
be

r 2
01

7 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

Q
U

ES
TI

O
N

 2
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

)

2.
1 

A
n 

8 
kg

 b
lo

ck
, P

, i
s 

be
in

g 
pu

lle
d 

by
 c

on
st

an
t f

or
ce

 F
 u

p 
a 

ro
ug

h 
in

cl
in

ed
 p

la
ne

 
at

 a
n 

an
gl

e 
of

 3
0o 

to
 th

e 
ho

riz
on

ta
l, 

at
 C

O
N

ST
A

N
T 

SP
E

E
D

. 

Fo
rc

e 
F 

is
 p

ar
al

le
l t

o 
th

e 
in

cl
in

ed
 p

la
ne

, a
s 

sh
ow

n 
in

 th
e 

di
ag

ra
m

 b
el

ow
. 

2.
1.

1 
S

ta
te

 N
ew

to
n'

s 
Fi

rs
t L

aw
 in

 w
or

ds
. 

(2
) 

2.
1.

2 
D

ra
w

 a
 la

be
lle

d 
fre

e-
bo

dy
 d

ia
gr

am
 fo

r b
lo

ck
 P

. 
 

(4
)

Th
e 

ki
ne

tic
 fr

ic
tio

na
l f

or
ce

 b
et

w
ee

n 
th

e 
bl

oc
k 

an
d 

th
e 

su
rfa

ce
 o

f 
th

e 
in

cl
in

ed
 

pl
an

e 
is

 2
0,

37
 N

.  
 

2.
1.

3 
C

al
cu

la
te

 th
e 

m
ag

ni
tu

de
 o

f f
or

ce
 F

. 
 

(5
)

Fo
rc

e 
F 

is
 n

ow
 r

em
ov

ed
 a

nd
 t

he
 b

lo
ck

 A
C

C
E

LE
R

AT
E

S
 d

ow
n 

th
e 

pl
an

e.
 

Th
e 

ki
ne

tic
 fr

ic
tio

na
l f

or
ce

 re
m

ai
ns

 2
0,

37
 N

. 

2.
1.

4 
C

al
cu

la
te

 th
e 

m
ag

ni
tu

de
 o

f t
he

 a
cc

el
er

at
io

n 
of

 th
e 

bl
oc

k.
 

(4
) 

2.
2 

A
 2

00
 k

g 
ro

ck
 li

es
 o

n 
th

e 
su

rfa
ce

 o
f a

 p
la

ne
t. 

Th
e 

ac
ce

le
ra

tio
n 

du
e 

to
 g

ra
vi

ty
 

on
 th

e 
su

rfa
ce

 o
f t

he
 p

la
ne

t i
s 

6,
0 

m
·s

-2
. 

2.
2.

1 
S

ta
te

 N
ew

to
n'

s 
La

w
 o

f U
ni

ve
rs

al
 G

ra
vi

ta
tio

n 
in

 w
or

ds
. 

(2
) 

2.
2.

2 
C

al
cu

la
te

 th
e 

m
as

s 
of

 th
e 

pl
an

et
 if

 it
s 

ra
di

us
 is

 7
00

 k
m

. 
(4

) 
[2

1]
 

8 
kg

 

P 

30
o  

F 

Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
9 

D
BE

/N
ov

em
be

r 2
01

7 
N

SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

B
 

A
 -1

 

gr
ou

nd
 

h 

v 

Q
U

ES
TI

O
N

 3
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

)

S
to

ne
 A

 is
 p

ro
je

ct
ed

 v
er

tic
al

ly
 u

pw
ar

ds
 a

t a
 s

pe
ed

 o
f 

-1
 fro

m
 a

 h
ei

gh
t h

 a
bo

ve
 

th
e 

gr
ou

nd
. I

gn
or

e 
th

e 
ef

fe
ct

s 
of

 a
ir 

re
si

st
an

ce
. 

3.
1 

C
al

cu
la

te
 th

e 
tim

e 
ta

ke
n 

fo
r s

to
ne

 A
 to

 re
ac

h 
its

 m
ax

im
um

 h
ei

gh
t. 

(3
) 

A
t 

th
e 

sa
m

e 
in

st
an

t 
th

at
 s

to
ne

 A
 i

s 
pr

oj
ec

te
d 

up
w

ar
ds

, 
st

on
e 

B
 is

 t
hr

ow
n 

ve
rti

ca
lly

 
do

w
nw

ar
ds

 fr
om

 th
e 

sa
m

e 
he

ig
ht

 a
t a

n 
un

kn
ow

n 
sp

ee
d,

 v
. R

ef
er

 to
 th

e 
di

ag
ra

m
 b

el
ow

. 

W
he

n 
st

on
e 

A 
re

ac
he

s 
its

 m
ax

im
um

 h
ei

gh
t, 

th
e 

sp
ee

d 
of

 s
to

ne
 B

 is
 3

v.
 

3.
2 

C
al

cu
la

te
 th

e 
sp

ee
d,

 v
, w

ith
 w

hi
ch

 s
to

ne
 B

 is
 th

ro
w

n 
do

w
nw

ar
ds

. 
 

(4
) 

A
t 

th
e 

in
st

an
t 

st
on

e 
A

 p
as

se
s 

its
 i

ni
tia

l 
po

si
tio

n 
on

 i
ts

 w
ay

 d
ow

n,
 s

to
ne

 B
 h

its
 

th
e 

gr
ou

nd
. 

3.
3 

C
al

cu
la

te
 th

e 
he

ig
ht

 h
. 

 
(3

)

3.
4  

S
ke

tc
h 

ve
lo

ci
ty

-ti
m

e 
gr

ap
hs

 f
or

 t
he

 c
om

pl
et

e 
m

ot
io

ns
 o

f 
st

on
es

 A
 a

nd
 B

 o
n 

th
e 

sa
m

e 
se

t o
f a

xe
s.

 L
ab

el
 y

ou
r g

ra
ph

s 
fo

r s
to

ne
s 

A 
an

d 
B

 c
le

ar
ly

. 

S
ho

w
 th

e 
fo

llo
w

in
g 

on
 th

e 
gr

ap
hs

: 

 
Th

e 
tim

e 
ta

ke
n 

fo
r s

to
ne

 A
 to

 re
ac

h 
its

 m
ax

im
um

 h
ei

gh
t 

 
Th

e 
ve

lo
ci

ty
 w

ith
 w

hi
ch

 s
to

ne
 B

 is
 th

ro
w

n 
do

w
nw

ar
ds

 
(4

) 
[1

4]
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D
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r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

-1
 

N
 

bu
lle

t 

B
EF

O
R

E 

S
 

E
 

W
 

2 
kg

 

A
FT

ER
 

x 
  x

 

-1
 

Q
U

ES
TI

O
N

 4
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

)

A
 2

 k
g 

bl
oc

k 
is

 a
t 

re
st

 o
n 

a 
sm

oo
th

, 
fri

ct
io

nl
es

s,
 h

or
iz

on
ta

l t
ab

le
. 

Th
e 

le
ng

th
 o

f 
th

e 
bl

oc
k 

is
 x

. 

A
 b

ul
le

t 
of

 m
as

s 
0,

01
5 

kg
, 

tra
ve

llin
g 

ea
st

 a
t 

40
0 

-1
, 

st
rik

es
 t

he
 b

lo
ck

 a
nd

 p
as

se
s 

st
ra

ig
ht

 th
ro

ug
h 

it 
w

ith
 c

on
st

an
t a

cc
el

er
at

io
n.

 R
ef

er
 to

 th
e 

di
ag

ra
m

 b
el

ow
. I

gn
or

e 
an

y 
lo

ss
 o

f m
as

s 
of

 th
e 

bu
lle

t a
nd

 th
e 

bl
oc

k.
  

   4.
1 

S
ta

te
 th

e 
pr

in
ci

pl
e 

of
 c

on
se

rv
at

io
n 

of
 li

ne
ar

 m
om

en
tu

m
 in

 w
or

ds
. 

 
(2

) 

-1
 a

fte
r t

he
 b

ul
le

t h
as

 e
m

er
ge

d 
fro

m
 it

. 

4.
2 

C
al

cu
la

te
 t

he
 m

ag
ni

tu
de

 o
f 

th
e 

ve
lo

ci
ty

 o
f 

th
e 

bu
lle

t 
im

m
ed

ia
te

ly
 a

fte
r 

it 
em

er
ge

s 
fro

m
 th

e 
bl

oc
k.

 
(4

) 

4.
3 

If 
th

e 
bu

lle
t t

ak
es

 0
,0

02
 s

 to
 tr

av
el

 th
ro

ug
h 

th
e 

bl
oc

k,
 c

al
cu

la
te

 th
e 

le
ng

th
, x

, o
f 

th
e 

bl
oc

k.
 

(5
) 

[1
1]

 

Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
11

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

6 
kg

 

4 
kg

 

6 
kg

   1
,6

 m
 

Q
U

ES
TI

O
N

 5
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

)

In
 th

e 
di

ag
ra

m
 b

el
ow

, a
 4

 k
g 

bl
oc

k 
ly

in
g 

on
 a

 ro
ug

h 
ho

riz
on

ta
l s

ur
fa

ce
 is

 c
on

ne
ct

ed
 to

 
a 

6 
kg

 b
lo

ck
 b

y 
a 

lig
ht

 in
ex

te
ns

ib
le

 s
tri

ng
 p

as
si

ng
 o

ve
r a

 li
gh

t f
ric

tio
nl

es
s 

pu
lle

y.
  

In
iti

al
ly

 th
e 

bl
oc

ks
 a

re
 H

E
LD

 A
T 

R
E

ST
. 

5.
1 

S
ta

te
 th

e 
w

or
k-

en
er

gy
 th

eo
re

m
 in

 w
or

ds
. 

(2
) 

W
he

n 
th

e 
bl

oc
ks

 a
re

 re
le

as
ed

, t
he

 6
 k

g 
bl

oc
k 

fa
lls

 th
ro

ug
h 

a 
ve

rti
ca

l d
is

ta
nc

e 
of

 1
,6

 m
. 

5.
2 

D
ra

w
 a

 la
be

lle
d 

fre
e-

bo
dy

 d
ia

gr
am

 fo
r t

he
 6

 k
g 

bl
oc

k.
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e 

m
ag

ni
tu

de
 o

f t
he

 n
et

 e
le

ct
ro

st
at

ic
 fo

rc
e 

ex
pe

rie
nc

ed
 b

y 
ch

ar
ge

d 
sp

he
re

 Y
 

is
 1

5,
20

 N
. C

al
cu

la
te

 th
e 

ch
ar

ge
 o

n 
sp

he
re

 Z
. 

(4
) 

[1
3]



Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
14

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

-2
,0

 x
 1

0-6
 C

 
+1

,5
 x

 1
0-6

 C
 

0,
70

 m
 

 A
 

 B
 

 P
 

0,
40

 m
 

 
 

Q
U

ES
TI

O
N

 8
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

)

A
 a

nd
 B

 a
re

 tw
o 

sm
al

l s
ph

er
es

 s
ep

ar
at

ed
 b

y 
a 

di
st

an
ce

 o
f 0

,7
0 

m
. S

ph
er

e 
A

 c
ar

rie
s 

a 
ch

ar
ge

 o
f +

1,
5 

x 
10

-6
 C

 a
nd

 s
ph

er
e 

B
 c

ar
rie

s 
a 

ch
ar

ge
 o

f -
2,

0 
x 

10
-6

 C
. 

P 
is

 a
 p

oi
nt

 b
et

w
ee

n 
sp

he
re

s 
A 

an
d 

B
 a

nd
 is

 0
,4

0 
m

 fr
om

 s
ph

er
e 

A
, a

s 
sh

ow
n 

in
 th

e 
di

ag
ra

m
 a

bo
ve

. 

8.
1  

D
ef

in
e 

th
e 

te
rm

 e
le

ct
ric

 fi
el

d 
at

 a
 p

oi
nt

. 
 

(2
) 

8.
2 

C
al

cu
la

te
 th

e 
m

ag
ni

tu
de

 o
f t

he
 n

et
 e

le
ct

ric
 fi

el
d 

at
 p

oi
nt

 P
. 

 
(4

)

8.
3  

A
 p

oi
nt

 c
ha

rg
e 

of
 m

ag
ni

tu
de

 3
,0

 x
 1

0-9
 C

 is
 n

ow
 p

la
ce

d 
at

 p
oi

nt
 P

. 

C
al

cu
la

te
 th

e 
m

ag
ni

tu
de

 o
f t

he
 e

le
ct

ro
st

at
ic

 fo
rc

e 
ex

pe
rie

nc
ed

 b
y 

th
is

 c
ha

rg
e.

 
(3

) 
[9

] 

Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
15

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

C
ur

re
nt

 (A
) 

0 
0,

25
 

0,
50

0,
75

 

0,
50

 

1,
00

 

1,
50

 

2,
00

 

2,
50

 

G
R

A
PH

S 
O

F 
PO

TE
N

TI
A

L 
D

IF
FE

R
EN

C
E 

VE
R

SU
S 

C
U

R
R

EN
T 

FO
R

 T
H

E 
C

O
M

B
IN

A
TI

O
N

 O
F 

TW
O

 R
ES

IS
TO

R
S 

IN
 S

ER
IE

S 
AN

D
 IN

 P
A

R
A

LL
EL

 

Potential difference (V) 

Y 

X 

3,
00

 

Q
U

ES
TI

O
N

 9
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

)

9.
1 

Le
ar

ne
rs

 i
nv

es
tig

at
ed

 t
he

 r
el

at
io

ns
hi

p 
be

tw
ee

n 
po

te
nt

ia
l 

di
ffe

re
nc

e 
(V

) 
an

d 
cu

rre
nt

 (I
) f

or
 th

e 
co

m
bi

na
tio

n 
of

 tw
o 

re
si

st
or

s,
 R

1 
an

d 
R

2.
 In

 o
ne

 e
xp

er
im

en
t, 

re
si

st
or

s 
R

1 
an

d 
R

2 
w

er
e 

co
nn

ec
te

d 
in

 p
ar

al
le

l. 
In

 a
 s

ec
on

d 
ex

pe
rim

en
t, 

re
si

st
or

s 
R

1 
an

d 
R

2 
w

er
e 

co
nn

ec
te

d 
in

 s
er

ie
s.

 

Th
e 

le
ar

ne
rs

 th
en

 p
lo

tte
d 

gr
ap

h 
X,

 th
e 

re
su

lts
 o

f o
ne

 o
f t

he
 e

xp
er

im
en

ts
, a

nd
 

gr
ap

h 
Y,

 th
e 

re
su

lts
 o

f t
he

 o
th

er
 e

xp
er

im
en

t, 
as

 s
ho

w
n 

be
lo

w
.  

9.
1.

1 
S

ta
te

 O
hm

's
 la

w
 in

 w
or

ds
. 

(2
) 

9.
1.

2 
W

ha
t 

ph
ys

ic
al

 q
ua

nt
ity

 d
oe

s 
th

e 
gr

ad
ie

nt
 (

sl
op

e)
 o

f 
th

e 
V

-I 
gr

ap
h 

re
pr

es
en

t?
 

(1
) 

9.
1.

3 
C

al
cu

la
te

 th
e 

gr
ad

ie
nt

 (s
lo

pe
) o

f g
ra

ph
 X

. 
 

(2
)

9.
1.

4 
D

et
er

m
in

e 
th

e 
re

si
st

an
ce

 o
f r

es
is

to
r R

1.
(4

)



Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
16

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

9.
2  

Th
e 

ci
rc

ui
t 

be
lo

w
 c

on
si

st
s 

of
 t

hr
ee

 r
es

is
to

rs
, 

M
, 

N
 a

nd
 T

, 
a 

ba
tte

ry
 w

ith
 

em
f 

 a
nd

 a
n 

in
te

rn
al

 r
es

is
ta

nc
e 

of
 0

,9
 

. T
he

 e
ffe

ct
iv

e 
re

si
st

an
ce

 b
et

w
ee

n 
po

in
ts

 a
 a

nd
 b

 in
 th

e 
ci

rc
ui

t 
 T

he
 re

si
st

an
ce

 o
f r

es
is

to
r T

 
 

W
he

n 
sw

itc
h 

S 
is

 c
lo

se
d,

 a
 h

ig
h-

re
si

st
an

ce
 v

ol
tm

et
er

, 
V

1,
 a

cr
os

s 
a 

an
d 

b 
re

ad
s 

5 
V

. 

C
al

cu
la

te
 th

e:
 

9.
2.

1 
C

ur
re

nt
 d

el
iv

er
ed

 b
y 

th
e 

ba
tte

ry
 

(3
) 

9.
2.

2 
of

 th
e 

ba
tte

ry
 

(4
) 

V
ol

tm
et

er
 V

2 
re

ad
s 

2,
5 

V
 w

he
n 

th
e 

sw
itc

h 
is

 c
lo

se
d.

 

9.
2.

3 
W

rit
e 

do
w

n 
th

e 
re

si
st

an
ce

 
of

 
N

. 
(N

o 
ca

lc
ul

at
io

ns
 

re
qu

ire
d.

) 
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

[1
8]

 

V
1 

M
 

N
 

T 
S 

 

V
2 

a 
b 

 
 

r  

 
 

1,
5 

 

Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
17

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

 ge
ne

ra
to

r 

w
ire

 

Q
U

ES
TI

O
N

 1
0 

 (S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
)

10
.1

 
Th

e 
di

ag
ra

m
 

be
lo

w
 

sh
ow

s 
di

ffe
re

nt
 

po
si

tio
ns

 
(A

B
C

D
A

) 
of

 
th

e 
co

il 
in

 
a 

D
C

 g
en

er
at

or
 f

or
 a

 c
om

pl
et

e 
re

vo
lu

tio
n.

 T
he

 c
oi

l i
s 

ro
ta

te
d 

cl
oc

kw
is

e 
at

 a
 

co
ns

ta
nt

 s
pe

ed
 in

 a
 u

ni
fo

rm
 m

ag
ne

tic
 fi

el
d.

  

Th
e 

di
re

ct
io

n 
of

 th
e 

m
ag

ne
tic

 fi
el

d 
is

 s
ho

w
n 

in
 th

e 
di

ag
ra

m
 b

el
ow

. 

10
.1

.1
 

W
rit

e 
do

w
n 

th
e 

en
er

gy
 c

on
ve

rs
io

n 
th

at
 t

ak
es

 p
la

ce
 d

ur
in

g 
th

e 
op

er
at

io
n 

of
 th

e 
D

C
 g

en
er

at
or

. 
(1

) 

10
.1

.2
 

S
ke

tc
h 

a 
gr

ap
h 

to
 s

ho
w

 h
ow

 t
he

 i
nd

uc
ed

 e
m

f 
of

 t
he

 g
en

er
at

or
 

va
rie

s 
w

ith
 ti

m
e.

 C
le

ar
ly

 in
di

ca
te

 p
os

iti
on

s 
A

, B
, C

, D
 a

nd
 A

 o
n 

th
e 

gr
ap

h.
  

(2
) 

10
.2

 
A

 s
m

al
l A

C
 g

en
er

at
or

, p
ro

vi
di

ng
 a

n 
rm

s 
vo

lta
ge

 o
f 2

5 
V,

 is
 c

on
ne

ct
ed

 a
cr

os
s 

a 
de

vi
ce

 w
ith

 a
 re

si
st

an
ce

 o
f 2

0 
. T

he
 w

ire
s 

co
nn

ec
tin

g 
th

e 
ge

ne
ra

to
r t

o 
th

e 
de

vi
ce

 h
av

e 
a 

to
ta

 R
ef

er
 to

 th
e 

di
ag

ra
m

 b
el

ow
. 

10
.2

.1
 

W
rit

e 
do

w
n 

th
e 

to
ta

l r
es

is
ta

nc
e 

of
 th

e 
ci

rc
ui

t. 
(1

) 

10
.2

.2
 

C
al

cu
la

te
 th

e 
av

er
ag

e 
po

w
er

 d
el

iv
er

ed
 to

 th
e 

de
vi

ce
. 

 
(5

) 
[9

] 

m
ag

ne
tic

 fi
el

d 



Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
18

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

Sp
ec

tr
um

 Y
 

Sp
ec

tr
um

 Z
 

ho
t, 

gl
ow

in
g 

bu
lb

 
 c

ol
d 

ga
s D

iff
ra

ct
io

n 
gr

at
in

g 
ho

t g
as

 
D

iff
ra

ct
io

n 
gr

at
in

g 

D
iff

ra
ct

io
n 

gr
at

in
g 

Q
U

ES
TI

O
N

 1
1 

 (S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

11
.1

 
A

 t
ea

ch
er

 i
n 

a 
sc

ie
nc

e 
cl

as
s 

ex
pl

ai
ns

 h
ow

 d
iff

er
en

t 
ty

pe
s 

of
 s

pe
ct

ra
 a

re
 

ob
ta

in
ed

. 
Th

e 
te

ac
he

r 
us

es
 t

he
 s

im
pl

ifi
ed

 d
ia

gr
am

s 
sh

ow
n 

be
lo

w
 f

or
 t

he
 

ex
pl

an
at

io
n.

 

N
am

e 
th

e 
ty

pe
 o

f s
pe

ct
ru

m
 o

f: 

11
.1

.1
 

Y 
 

(1
) 

11
.1

.2
 

Z 
 

(1
) 

lig
ht

 

Ph
ys

ic
al

 S
ci

en
ce

s/
P

1 
19

 
D

BE
/N

ov
em

be
r 2

01
7 

N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

E
2 

E
3 E
4 

Increasing energy 

2,
04

4 
x 

10
-1

8  J
 

1,
93

7 
x 

10
-1

8  J
 

1,
63

5 
x 

10
-1

8  J
 

11
.2

 
In

 a
n 

ex
ci

te
d 

at
om

, 
el

ec
tro

ns
 c

an
 'j

um
p'

 f
ro

m
 lo

w
er

 e
ne

rg
y 

le
ve

ls
 t

o 
hi

gh
er

 
en

er
gy

 le
ve

ls
. T

he
y 

ca
n 

al
so

 'd
ro

p'
 fr

om
 h

ig
he

r e
ne

rg
y 

le
ve

ls
 to

 lo
w

er
 e

ne
rg

y 
le

ve
ls

. 

Th
e 

di
ag

ra
m

 b
el

ow
 (

no
t 

dr
aw

n 
to

 s
ca

le
) 

sh
ow

s 
so

m
e 

of
 t

he
 t

ra
ns

iti
on

s 
fo

r 
el

ec
tro

ns
 in

 a
n 

ex
ci

te
d 

at
om

. 

11
.2

.1
 

D
o 

th
e 

tra
ns

iti
on

s 
in

di
ca

te
d 

in
 th

e 
di

ag
ra

m
 le

ad
 to

 A
B

SO
R

PT
IO

N
 

or
 E

M
IS

S
IO

N
 s

pe
ct

ra
? 

(1
) 

11
.2

.2
 

C
al

cu
la

te
 th

e 
fre

qu
en

cy
 o

f t
he

 p
ho

to
n 

pr
od

uc
ed

 w
he

n 
an

 e
le

ct
ro

n 
in

 a
n 

ex
ci

te
d 

at
om

 m
ak

es
 a

 tr
an

si
tio

n 
fro

m
 E

4 
to

 E
2,

 a
s 

sh
ow

n 
in

 
th

e 
di

ag
ra

m
. 

(4
) 

Th
e 

th
re

sh
ol

d 
fre

qu
en

cy
 o

f a
 m

et
al

, Q
, i

s 
4,

4 
x 

10
14

 H
z.

 

11
.2

.3
 

C
al

cu
la

te
 th

e 
ki

ne
tic

 e
ne

rg
y 

of
 th

e 
m

os
t e

ne
rg

et
ic

 e
le

ct
ro

n 
ej

ec
te

d 
w

he
n 

th
e 

ph
ot

on
 p

ro
du

ce
d 

in
 Q

U
E

ST
IO

N
 1

1.
2.

2 
is

 in
ci

de
nt

 o
n 

th
e 

su
rfa

ce
 o

f m
et

al
 Q

. 
(4

) 

A
no

th
er

 m
et

al
, R

, h
as

 a
 th

re
sh

ho
ld

 fr
eq

ue
nc

y 
of

 7
,5

 x
 1

014
 H

z.
 

11
.2

.4
 

W
ill 

th
e 

ph
ot

on
 p

ro
du

ce
d 

in
 Q

U
E

ST
IO

N
 1

1.
2.

2 
be

 a
bl

e 
to

 e
je

ct
 

el
ec

tro
ns

 f
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re
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 m
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N
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m
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 re
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 re
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e 

an
sw

er
 to

 Q
U

E
ST

IO
N

 6
.1

.3
 c

ha
ng

e 
if 

th
e 

sp
ee

d 
of

 
th

e 
am

bu
la

nc
e 

w
er

e 
LE

S
S 

TH
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t b
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 c
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Ph
ys

ic
al
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ci

en
ce

s/
P

1 
15

 
D

BE
/N

ov
em

be
r 2

01
6 

N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

ge
ne

ra
to

r 

toaster 

kettle 

80
0 

W
 

2 
00

0 
W

 

Q
U

ES
TI

O
N

 9
  (

St
ar

t o
n 

a 
ne

w
 p

ag
e.

) 

9.
1 

A
 g

en
er

at
or

 is
 s

ho
w

n 
be

lo
w

. A
ss

um
e 

th
at

 th
e 

co
il 

is
 in

 a
 v

er
tic

al
 p

os
iti

on
. 

9.
1.

1 
Is

 th
e 

ge
ne

ra
to

r a
bo

ve
 A

C
 o

r D
C

? 
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

9.
1.

2 
S

ke
tc

h 
an

 i
nd

uc
ed

 e
m

f 
ve

rs
us

 t
im

e 
gr

ap
h 

fo
r 

O
N

E
 c

om
pl

et
e 

ro
ta

tio
n 

of
 

th
e 

co
il.

 
(T

he
 

co
il 

st
ar

ts
 

tu
rn

in
g 

fro
m

 
th

e 
ve

rti
ca

l 
po

si
tio

n.
)  

(2
) 

9.
2 

A
n 

A
C

 g
en

er
at

or
 is

 o
pe

ra
tin

g 
at

 a
 m

ax
im

um
 e

m
f 

of
 3

40
 V

. 
It 

is
 c

on
ne

ct
ed

 
ac

ro
ss

 a
 to

as
te

r a
nd

 a
 k

et
tle

, a
s 

sh
ow

n 
in

 th
e 

di
ag

ra
m

 b
el

ow
.  

Th
e 

to
as

te
r 

is
 r

at
ed

 a
t 8

00
 W

, w
hi

le
 th

e 
ke

ttl
e 

is
 r

at
ed

 a
t 2

 0
00

 W
. B

ot
h 

ar
e 

w
or

ki
ng

 u
nd

er
 o

pt
im

al
 c

on
di

tio
ns

. 

C
al

cu
la

te
 th

e:
 

9.
2.

1 
rm

s 
cu

rre
nt

 p
as

si
ng

 th
ro

ug
h 

th
e 

to
as

te
r 

(3
) 

9.
2.

2 
To

ta
l r

m
s 

cu
rre

nt
 d

el
iv

er
ed

 b
y 

th
e 

ge
ne

ra
to

r 
(4

) 
[1

1]
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ci

en
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P
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D
BE
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ov

em
be

r 2
01

6 
N

SC
 

C
op

yr
ig

ht
 re

se
rv

ed
 

so
di

um
 

si
lv

er
 

Fr
eq

ue
nc

y 
x 

10
14

 (H
z)

 

EKmax   (J) 

11
,4

2 
5,

94
 

0 

Q
U

ES
TI

O
N

 1
0 

 (S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

10
.1

 
A

 le
ar

ne
r i

s 
in

ve
st

ig
at

in
g 

th
e 

ph
ot

oe
le

ct
ric

 e
ffe

ct
 fo

r t
w

o 
di

ffe
re

nt
 m

et
al

s,
 s

ilv
er

 
an

d 
so

di
um

, u
si

ng
 li

gh
t o

f d
iff

er
en

t f
re

qu
en

ci
es

. T
he

 m
ax

im
um

 k
in

et
ic

 e
ne

rg
y 

of
 t

he
 e

m
itt

ed
 p

ho
to

el
ec

tro
ns

 is
 p

lo
tte

d 
ag

ai
ns

t 
th

e 
fre

qu
en

cy
 o

f 
th

e 
lig

ht
 f

or
 

ea
ch

 o
f t

he
 m

et
al

s,
 a

s 
sh

ow
n 

in
 th

e 
gr

ap
hs

 b
el

ow
. 

10
.1

.1
 

D
ef

in
e 

th
e 

te
rm

 th
re

sh
ol

d 
fre

qu
en

cy
. 

 
(2

) 

10
.1

.2
 

W
hi

ch
 m

et
al

, 
so

di
um

 o
r 

si
lv

er
, 

ha
s 

th
e 

la
rg

er
 w

or
k 

fu
nc

tio
n?

 
E

xp
la

in
 th

e 
an

sw
er

. 
(3

) 

10
.1

.3
 

N
am

e 
th

e 
ph

ys
ic

al
 c

on
st

an
t 

re
pr

es
en

te
d 

by
 t

he
 s

lo
pe

s 
of

 t
he

 
gr

ap
hs

. 
(1

) 

10
.1

.4
 

If 
lig

ht
 o

f 
th

e 
sa

m
e 

fre
qu

en
cy

 is
 s

ho
ne

 o
n 

ea
ch

 o
f 

th
e 

m
et

al
s,

 in
 

w
hi

ch
 m

et
al

 w
ill 

th
e 

ej
ec

te
d 

ph
ot

oe
le

ct
ro

ns
 h

av
e 

a 
la

rg
er

 m
ax

im
um

 
ki

ne
tic

 e
ne

rg
y?

 
(1

) 

10
.2

 
In

 a
 d

iff
er

en
t p

ho
to

el
ec

tri
c 

ex
pe

rim
en

t b
lu

e 
lig

ht
 o

bt
ai

ne
d 

fro
m

 a
 li

gh
t b

ul
b 

is
 

sh
on

e 
on

to
 a

 m
et

al
 p

la
te

 a
nd

 e
le

ct
ro

ns
 a

re
 re

le
as

ed
. 

Th
e 

w
av

el
en

gt
h 

of
 t

he
 b

lu
e 

lig
ht

 i
s 

47
0 

x 
10

-9
 m

 a
nd

 t
he

 b
ul

b 
is

 r
at

ed
 a

t 
60

 m
W

. T
he

 b
ul

b 
is

 o
nl

y 
5%

 e
ffi

ci
en

t. 

10
.2

.1
 

C
al

cu
la

te
 th

e 
nu

m
be

r 
of

 p
ho

to
ns

 th
at

 w
ill 

be
 in

ci
de

nt
 o

n 
th

e 
m

et
al

 
pl

at
e 

pe
r s

ec
on

d,
 a

ss
um

in
g 

al
l t

he
 li

gh
t f

ro
m

 th
e 

bu
lb

 is
 in

ci
de

nt
 o

n 
th

e 
m

et
al

 p
la

te
. 

(5
) 

10
.2

.2
 

W
ith

ou
t 

an
y 

fu
rt

he
r 

ca
lc

ul
at

io
n,

 
w

rit
e 

do
w

n 
th

e 
nu

m
be

r 
of

 
el

ec
tro

ns
 e

m
itt

ed
 p

er
 s

ec
on

d 
fro

m
 th

e 
m

et
al

. 
(1

) 
[1

3]
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A
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G
R
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C
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1 

M
A

R
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0
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3 
ho
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s 

Th
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st
io

n 
pa

pe
r c

on
si

st
s 

of
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7 
pa

ge
s 

in
cl

ud
in

g 
a 

3 
pa

ge
 d

at
a 

sh
ee

t. 
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(S
EP

TE
M

B
ER

 2
01

4)
PH

YS
IC

A
L 

SC
IE

N
C

ES
 P

1 
3 

C
op

yr
ig

ht
 re

se
rv

ed
  

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 1
:  

M
U

LT
IP

LE
-C

H
O

IC
E 

Q
U

ES
TI

O
N

S 

Fo
ur

 p
os

si
bl

e 
op

tio
ns

 a
re

 p
ro

vi
de

d 
as

 a
ns

w
er

s 
to

 th
e 

fo
llo

w
in

g 
qu

es
tio

ns
.  

Ea
ch

 
qu

es
tio

n 
ha

s 
on

ly
 O

N
E 

co
rre

ct
 a

ns
w

er
.  

C
ho

os
e 

th
e 

be
st

 a
ns

w
er

 a
nd

 w
rit

e 
do

w
n 

A
, B

, C
 o

r D
 n

ex
t t

o 
th

e 
qu

es
tio

n 
nu

m
be

r (
1.

1–
1.

10
) o

n 
yo

ur
 A

N
SW

ER
 B

O
O

K.
 

1.
1 

A 
bu

ild
er

 th
ro

w
s 

a 
br

ic
k 

ve
rti

ca
lly

 u
pw

ar
ds

 w
ith

 a
n 

in
iti

al
 v

el
oc

ity
 o

f 7
,3

5 
m

•s
-1

.  
W

he
n 

th
e 

br
ic

k 
re

ac
he

s 
its

 m
ax

im
um

 h
ei

gh
t, 

th
en

 th
e 

…
 

A 
ac

ce
le

ra
tio

n 
of

 th
e 

br
ic

k 
is

 7
,3

5 
m

•s
-2

 a
nd

 it
s 

po
te

nt
ia

l e
ne

rg
y 

is
 a

 
m

ax
im

um
. 

B 
ve

lo
ci

ty
 o

f t
he

 b
ric

k 
is

 0
 m

•s
-1

 a
nd

 it
s 

po
te

nt
ia

l e
ne

rg
y 

is
 a

 m
in

im
um

. 

C
 

ve
lo

ci
ty

 o
f t

he
 b

ric
k 

is
 9

,8
 m

•s
-1

 a
nd

 it
s 

po
te

nt
ia

l e
ne

rg
y 

is
 a

 
m

ax
im

um
. 

D
 

ac
ce

le
ra

tio
n 

of
 th

e 
br

ic
k 

is
 9

,8
 m

•s
-2

 a
nd

 it
s 

ki
ne

tic
 e

ne
rg

y 
 is

 a
 

m
in

im
um

. 
(2

) 

1.
2 

A 
ve

hi
cl

e 
w

ith
 m

as
s 

m
 is

 m
ov

in
g 

ho
riz

on
ta

lly
 a

t a
 c

on
st

an
t v

el
oc

ity
 o

n 
a 

fri
ct

io
nl

es
s 

pa
th

.  
Th

e 
ki

ne
tic

 e
ne

rg
y 

of
 th

e 
ve

hi
cl

e 
is

 K
 a

nd
 th

e 
m

om
en

tu
m

 
is

 p
. T

he
 v

el
oc

ity
 o

f t
he

 v
eh

ic
le

 c
an

 b
e 

gi
ve

n 
as

: 

A 
K 2p

 

B 
2K

 
p 

 

C
 

K P 

D
 

p K 
(2

) 

1.
3 

W
he

n 
an

 a
irb

ag
 in

fla
te

s 
in

 a
 c

ar
 d

ur
in

g 
a 

co
llis

io
n,

 th
e 

ch
an

ce
s 

of
 s

er
io

us
 

in
ju

ry
 to

 a
 p

as
se

ng
er

 is
 re

du
ce

d 
be

ca
us

e 
th

e 
…

 

A 
pa

ss
en

ge
r i

s 
br

ou
gh

t t
o 

re
st

 in
 a

 s
ho

rte
r p

er
io

d 
of

 ti
m

e.
 

B 
ne

t f
or

ce
 a

ct
in

g 
on

 th
e 

pa
ss

en
ge

r i
s 

re
du

ce
d.

 

C
 

pa
ss

en
ge

r’s
 c

ha
ng

e 
in

 m
om

en
tu

m
 is

 re
du

ce
d.

 

D
 

pa
ss

en
ge

r’s
 c

ha
ng

e 
in

 m
om

en
tu

m
 is

 in
cr

ea
se

d.
 

(2
) 

4 
PH

YS
IC

A
L 

SC
IE

N
C

ES
 P

1 
(S

EP
TE

M
B

ER
 2

01
4)

 

C
op

yr
ig

ht
 re

se
rv

ed
  

Pl
ea

se
 tu

rn
 o

ve
r 

1.
4 

A 
sp

ac
es

hi
p 

ex
pe

rie
nc

es
 a

 w
ei

gh
t o

f X
 o

n 
ea

rth
.  

It 
is

 s
en

t i
nt

o 
sp

ac
e 

an
d 

la
nd

s 
on

 a
 p

la
ne

t w
hi

ch
 h

as
 a

 m
as

s 
tw

ic
e 

th
at

 o
f t

he
 e

ar
th

 a
nd

 a
 ra

di
us

 ½
 

th
at

 o
f t

he
 e

ar
th

. T
he

 w
ei

gh
t o

f t
he

 s
pa

ce
sh

ip
 w

ill 
be

 ..
. 

A 
8X

 

B 
½

X 

C
 

X 

D
 

¼
X 

(2
) 

1.
5 

As
tro

no
m

er
s 

ob
se

rv
e 

th
at

 th
e 

em
itt

ed
 li

gh
t o

f a
 s

ta
r s

hi
fts

 to
 th

e 
re

d 
pa

rt 
of

 
th

e 
vi

si
bl

e 
sp

ec
tru

m
. T

he
 o

bs
er

va
tio

n 
co

nf
irm

s 
th

at
 th

e 
...

 

A 
st

ar
 is

 m
ov

in
g 

cl
os

er
 to

w
ar

ds
 e

ar
th

. 

B 
ea

rth
 is

 m
ov

in
g 

to
w

ar
ds

 th
e 

st
ar

. 

C
 

te
m

pe
ra

tu
re

 o
f e

ar
th

 is
 in

cr
ea

si
ng

. 

D
 

un
iv

er
se

 is
 e

xp
an

di
ng

. 
(2

) 

1.
6 

A 
gi

rl 
st

an
ds

 n
ex

t t
o 

th
e 

ro
ad

 a
s 

a 
fir

e 
en

gi
ne

 a
pp

ro
ac

he
s 

he
r w

ith
 it

s 
si

re
ns

 b
la

rin
g 

an
d 

th
e 

re
d 

fla
sh

lig
ht

s 
on

.  
Sh

e 
m

ak
es

 th
e 

fo
llo

w
in

g 
ob

se
rv

at
io

ns
: 

Fr
eq

ue
nc

y 
of

 s
ou

nd
 h

ea
rd

 
C

ol
ou

r o
f f

la
sh

lig
ht

 
A 

H
ig

he
r 

R
ed

 

B 
Lo

w
er

 
R

ed
 

C
 

H
ig

he
r  

O
ra

ng
e 

D
 

Lo
w

er
  

O
ra

ng
e 

(2
) 

1.
7 

W
hi

ch
 s

ta
te

m
en

t b
el

ow
 is

 C
O

R
R

EC
T 

fo
r r

es
is

to
rs

 c
on

ne
ct

ed
 in

 p
ar

al
le

l i
n 

a 
ci

rc
ui

t?
 

A 
Th

e 
vo

lta
ge

 (V
) a

cr
os

s 
th

e 
co

m
bi

na
tio

n 
is

 d
iv

id
ed

 b
ut

 th
e 

re
si

st
or

s 
ea

ch
 h

av
e 

th
e 

sa
m

e 
cu

rre
nt

 (I
).  

B 
Th

e 
cu

rre
nt

 (I
) a

cr
os

s 
th

e 
co

m
bi

na
tio

n 
is

 d
iv

id
ed

 b
ut

 th
e 

re
si

st
or

s 
ea

ch
 h

av
e 

th
e 

sa
m

e 
vo

lta
ge

 (V
). 

C
 

Th
e 

cu
rre

nt
 (I

) a
nd

 th
e 

vo
lta

ge
 (V

) a
cr

os
s 

th
e 

co
m

bi
na

tio
n 

is
 d

iv
id

ed
. 

D
 

Th
e 

cu
rre

nt
 (I

) a
nd

 th
e 

vo
lta

ge
 (V

) a
cr

os
s 

th
e 

co
m

bi
na

tio
n 

is
 th

e 
sa

m
e 

ac
ro

ss
 e

ac
h 

re
si

st
or

. 
(2

)
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A
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N
C
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 P

1 
5 

C
op

yr
ig

ht
 re

se
rv

ed
  

Pl
ea

se
 tu

rn
 o

ve
r 

1.
8 

Tw
o 

st
ro

ng
 b

ar
 m

ag
ne

ts
 a

re
 a

rra
ng

ed
 w

ith
 th

e 
no

rth
 a

nd
 s

ou
th

 p
ol

es
 fa

ci
ng

 
ea

ch
 o

th
er

 a
s 

sh
ow

n 
in

 th
e 

di
ag

ra
m

 b
el

ow
.  

A 
cu

rre
nt

-c
ar

ry
in

g 
co

nd
uc

to
r 

pl
ac

ed
 b

et
w

ee
n 

th
e 

tw
o 

m
ag

ne
tic

 p
ol

es
 c

ar
rie

s 
co

nv
en

tio
na

l c
ur

re
nt

 in
to

 th
e 

pl
an

e 
of

 th
e 

pa
ge

.  
 

K
 J

Th
e 

co
nd

uc
to

r w
ou

ld
 e

xp
er

ie
nc

e 
a 

fo
rc

e 
to

w
ar

ds
 …

 

A 
N

.

B 
S.

C
 

K.

D
 

J.
(2

) 

1.
9 

If 
a 

lig
ht

 is
 p

as
se

d 
th

ro
ug

h 
a 

co
ld

, d
ilu

te
d 

ga
s,

 th
e 

at
om

s 
of

 th
e 

ga
s 

ab
so

rb
 

ph
ot

on
s 

at
 a

 c
er

ta
in

 …
 

A 
ve

lo
ci

ty
 a

nd
 fo

rm
 a

n 
ab

so
rp

tio
n 

sp
ec

tru
m

. 

B 
ve

lo
ci

ty
 a

nd
 fo

rm
 a

 c
on

tin
uo

us
 s

pe
ct

ru
m

. 

C
 

fre
qu

en
cy

 a
nd

 fo
rm

 a
n 

ab
so

rp
tio

n 
sp

ec
tru

m
. 

D
 

fre
qu

en
cy

 a
nd

 fo
rm

 a
 li

ne
 e

m
is

si
on

 s
pe

ct
ru

m
. 

(2
) 

1.
10

 
An

 a
to

m
 in

 th
e 

gr
ou

nd
 s

ta
te

 a
bs

or
bs

 e
ne

rg
y,

 E
, a

nd
 is

 e
xc

ite
d 

to
 a

 h
ig

he
r 

en
er

gy
 s

ta
te

.  
W

he
n 

th
e 

at
om

 re
tu

rn
s 

to
 th

e 
gr

ou
nd

 s
ta

te
, a

 p
ho

to
n 

w
ith

 
en

er
gy

 …
 

A 
E 

is
 a

bs
or

be
d.

 

B 
E 

is
 re

le
as

ed
. 

C
 

½
E 

is
 a

bs
or

be
d.

 

D
 

½
E 

is
 re

le
as

ed
. 

(2
) 

[2
0]

 

 
N

 
S S 

N

6 
PH

YS
IC

A
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IE

N
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M
B
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C
op

yr
ig

ht
 re

se
rv

ed
  

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 2
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

A 
cr

ic
ke

t b
al

l, 
m

as
s 

15
6 

g,
 is

 d
ro

pp
ed

 fr
om

 p
oi

nt
 A

 o
n 

a 
ta

ll 
bu

ild
in

g,
 1

5 
m

 h
ig

h.
 It

 
st

rik
es

 th
e 

co
nc

re
te

 p
av

em
en

t a
nd

 it
 th

en
 b

ou
nc

es
 to

 a
 m

ax
im

um
 h

ei
gh

t o
f 4

 m
.  

  

2.
1 

C
al

cu
la

te
 th
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t b
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t b
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e 

(n
et

) a
ve

ra
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t b
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t b
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r b
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w
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O
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 c
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 o
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e 

fo
rc

es
 p
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at
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 o
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 r
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 d
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ra
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 o
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p
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 r
e

ac
tio

n 
co

n
di

tio
ns

 f
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R

A
T

IO
N
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d
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 c
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 c
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 c
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 t
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 c
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 t
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 C
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 c

om
pa

re
 t

o 
th

at
 

pr
od

u
ce

d 
in

 e
xp

e
rim

e
nt

 A
?

 C
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 d
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 c
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 d

m
3

-1
. 

C
al

cu
la

te
 t

he
m

a
ss

 o
f 

C
a

C
O

3(
s)

 u
se

d
 in

 e
xp

e
ri

m
e

n
t 

A
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 r
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 t
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e

 r
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 r
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p
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 c
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e
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h
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 r
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 c
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 d
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b
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]



P
h

ys
ic

al
 S

ci
en

ce
s/

P
2

 
12

 
D

B
E

/N
o

ve
m

be
r 

20
20

 
S

C
/N

S
C

 

C
o

p
yr

ig
ht

 r
es

er
ve

d
 

P
le

a
se

 tu
rn

 o
ve

r  

Q
U

E
S

T
IO

N
 7

 (
S

ta
rt

 o
n

 a
 n

ew
 p

ag
e.

) 

7.
1 

E
th

an
oi

c 
a

ci
d

 (
C

H
3
C

O
O

H
) 

is
 a

n
 in

gr
ed

ie
nt

 o
f 

ho
us

e
h

o
ld

 v
in

e
ga

r.
 

7
.1

.1
 

Is
 e

th
a

n
oi

c 
a

ci
d 

a
 W

E
A

K
 a

ci
d 

or
 a

 S
T

R
O

N
G

 a
ci

d?
 G

iv
e 

a
 r

ea
so

n 
fo

r 
th

e
 a

n
sw

er
. 

(2
) 

7
.1

.2
 

A
n 

et
ha

no
ic

 a
ci

d
 s

ol
u

tio
n 

ha
s 

a 
pH

 o
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 o
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 t
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 b
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 c
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 c
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 c
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 t
h

e
 h

o
us

e
h

o
ld

 
vi

ne
ga

r 
is

 
ne

u
tr

al
is

e
d 

b
y 

1
4

,5
 c
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 b
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 r
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h
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 C
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ac
et

ic
 

ac
id

 
so

lu
tio

n,
 

C
H

3C
O

O
H

(a
q)

, o
f E

Q
U

AL
 C

O
N

C
EN

TR
AT

IO
N

S 
ar

e 
co

m
pa

re
d.

  

H
ow

 d
o 

th
e 

H
3O

+ (a
q)

 c
on

ce
nt

ra
tio

n 
of

 H
C
ℓ(a

q)
 a

nd
 t

he
 p

H
 o

f 
H

C
ℓ(a

q)
 

co
m

pa
re

 to
 th

at
 o

f C
H

3C
O

O
H

(a
q)

? 

[H
3O

+ ] o
f H

C
ℓ(
aq
) 

pH
 o

f H
C
ℓ(
aq
) 

(2
) 

A 
H

ig
he

r t
ha

n 
H

ig
he

r t
ha

n 

B 
H

ig
he

r t
ha

n 
Lo

w
er

 th
an

 

C
 

Eq
ua

l t
o 

Eq
ua

l t
o 

D
 

H
ig

he
r t

ha
n 

Eq
ua

l t
o 

1.
8 

Tw
o 

hy
po

th
et

ic
al

 h
al

f-r
ea

ct
io

ns
 a

nd
 th

ei
r 

re
sp

ec
tiv

e 
re

du
ct

io
n 

po
te

nt
ia

ls
 a

re
 

sh
ow

n 
be

lo
w

:  

   
B+ (a

q)
  +

  e
-   

  B
(s

)  
  E

θ 
= 

-1
,5

 V
 

A2+
(a

q)
  +

  2
e-   

  A
(s

)  
Eθ

 =
  2

,5
 V

 

A 
ga

lv
an

ic
 c

el
l i

s 
se

t u
p 

us
in

g 
th

e 
ab

ov
e 

su
bs

ta
nc

es
.  

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

st
at

em
en

ts
 is

 C
O

R
R

EC
T 

fo
r t

hi
s 

ga
lv

an
ic

 c
el

l?
 

A B C
 

D
 

B(
s)

 is
 th

e 
re

du
ci

ng
 a

ge
nt

. 

A (
s)

 is
 th

e 
ox

id
is

in
g 

ag
en

t. 

Th
e 

m
as

s 
of

 B
(s

) w
ill 

in
cr

ea
se

. 

Th
e 

m
as

s 
of

 A
(s

) w
ill 

de
cr

ea
se

. 
(2

) 

1.
9 

In
 a

n 
el

ec
tro

ly
tic

 c
el

l …
 

A B C
 

D
 

th
e 

an
od

e 
is

 th
e 

po
si

tiv
e 

el
ec

tro
de

. 

ox
id

at
io

n 
ta

ke
s 

pl
ac

e 
at

 th
e 

ca
th

od
e.

 

el
ec

tro
ns

 fl
ow

 fr
om

 th
e 

ca
th

od
e 

to
 th

e 
an

od
e.

 

th
e 

m
as

s 
of

 th
e 

an
od

e 
in

cr
ea

se
s.

 
(2

) 

1.
10

 
W

hi
ch

 O
N

E 
of

 th
e 

fo
llo

w
in

g 
is

 u
se

d 
as

 a
 c

at
al

ys
t i

n 
th

e 
O

st
w

al
d 

pr
oc

es
s?

 

A B C
 

D
 

Iro
n 

C
op

pe
r  

Pl
at

in
um

 

Va
na

di
um

 (V
) o

xi
de

 
(2

) 
[2

0]



Ph
ys

ic
al

 S
ci

en
ce

s/
P2

 
6 

D
BE

/N
ov

em
be

r 2
01

9 
N

SC
 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r  

Q
U

ES
TI

O
N

 2
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

2.
1.

1 
W

rit
e 

do
w

n 
th

e 
G

EN
ER

AL
 F

O
R

M
U

LA
 o

f t
he

 h
om

ol
og

ou
s 

se
rie

s 
to

 
w

hi
ch

 th
is

 c
om

po
un

d 
be

lo
ng

s.
 

(1
) 

2.
2 

Th
e 

or
ga

ni
c 

co
m

po
un

d 
be

lo
w

 h
as

 o
ne

 p
os

iti
on

al
 is

om
er

 a
nd

 o
ne

 f
un

ct
io

na
l 

is
om

er
. 

2.
2.

1 
D

ef
in

e 
th

e 
te

rm
 p

os
iti

on
al

 is
om

er
. 

(2
) 

Fo
r t

hi
s 

co
m

po
un

d,
 w

rit
e 

do
w

n 
th

e:
 

2.
2.

2 
IU

PA
C

 n
am

e 
of

 it
s 

PO
SI

TI
O

N
AL

 is
om

er
 

(2
) 

2.
2.

3 
St

ru
ct

ur
al

 fo
rm

ul
a 

of
 it

s 
FU

N
C

TI
O

N
AL

 is
om

er
 

(2
) 

2.
3 

C
on

si
de

r t
he

 c
on

de
ns

ed
 s

tru
ct

ur
al

 fo
rm

ul
a 

of
 a

n 
or

ga
ni

c 
co

m
po

un
d 

be
lo

w
. 

 

2.
3.

1 
Is

 th
is

 a
 P

R
IM

AR
Y,

 S
EC

O
N

D
AR

Y 
or

 T
ER

TI
AR

Y 
al

co
ho

l?
 

G
iv

e 
a 

re
as

on
 fo

r t
he

 a
ns

w
er

. 
(2

) 

2.
3.

2 
W

rit
e 

do
w

n 
th

e 
IU

PA
C

 n
am

e 
of

 th
e 

ab
ov

e 
co

m
po

un
d.

 
(2

) 

2.
3.

3 
W

rit
e 

do
w

n 
th

e 
IU

PA
C

 n
am

e 
of

 t
he

 M
A

JO
R

 O
R

G
AN

IC
 P

R
O

D
U

C
T 

fo
rm

ed
 w

he
n 

th
is

 c
om

po
un

d 
un

de
rg

oe
s 

an
 e

lim
in

at
io

n 
re

ac
tio

n.
 

(2
) 

[1
6]

 

2.
1 

Th
e 

IU
PA

C
 n

am
e 

of
 a

n 
or

ga
ni

c 
co

m
po

un
d 

is
 4

,4
-d

im
et

hy
lp

en
t-2

-y
ne

. 

2.
1.

2 
W

rit
e 

do
w

n 
th

e 
ST

R
U

C
TU

R
AL

 fo
rm

ul
a 

of
 th

is
 c

om
po

un
d.

 
(3

) 

C
 

O
 

H
 

C
 

C
 

C
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 H
 

C
 

O
H

 

C
H

3C
H

2C
(C

H
3)

C
H

3  

Ph
ys

ic
al

 S
ci

en
ce

s/
P2

 
7 

D
BE

/N
ov

em
be

r 2
01

9 
N

SC
 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r  

Q
U

ES
TI

O
N

 3
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
e 

bo
ilin

g 
po

in
ts

 o
f f

iv
e 

or
ga

ni
c 

co
m

po
un

ds
 (P

, Q
, R

, S
 a

nd
 T

) a
re

 s
tu

di
ed

. 

C
O

M
PO

U
N

D
 

IU
PA

C
 N

AM
E 

P 
Pe

nt
an

al
 

Q
 

2,
2-

di
m

et
hy

lb
ut

an
e 

R
 

3-
m

et
hy

lp
en

ta
ne

S 
H

ex
an

e 

T 
Pe

nt
an

-1
-o

l 

3.
1 

D
ef

in
e 

th
e 

te
rm

 b
oi

lin
g 

po
in

t. 
(2

) 

Th
e 

bo
ilin

g 
po

in
ts

 o
f c

om
po

un
ds

 Q
, R

 a
nd

 S
 a

re
 c

om
pa

re
d.

  

3.
2 

G
iv

e 
a 

re
as

on
 w

hy
 th

is
 is

 a
 fa

ir 
co

m
pa

ris
on

. 
(1

) 

Th
e 

bo
ilin

g 
po

in
ts

 o
f 

Q
, 

R
 a

nd
 S

 a
re

 g
iv

en
 b

el
ow

 (
N

O
T 

ne
ce

ss
ar

ily
 i

n 
th

e 
co

rre
ct

 
or

de
r).

 

55
 °C

 
49

,7
 °C

 
68

 °
C

 

3.
3 

W
hi

ch
 O

N
E 

of
 t

he
 t

hr
ee

 b
oi

lin
g 

po
in

ts
 i

s 
m

os
t 

lik
el

y 
th

e 
bo

ilin
g 

po
in

t 
of

 
co

m
po

un
d 

R
? 

Ex
pl

ai
n 

th
e 

an
sw

er
. 

(4
) 

3.
4 

A 
m

ix
tu

re
 o

f e
qu

al
 a

m
ou

nt
s 

of
 P

 a
nd

 T
 is

 p
la

ce
d 

in
 a

 fl
as

k 
an

d 
he

at
ed

 to
 a

 
te

m
pe

ra
tu

re
 

be
lo

w
 

th
ei

r 
bo

ilin
g 

po
in

ts
.  

As
su

m
e 

th
at

 
no

 
re

ac
tio

n 
or

 
co

nd
en

sa
tio

n 
ta

ke
s 

pl
ac

e.
 T

he
 v

ap
ou

r p
ro

du
ce

d 
is

 c
ol

le
ct

ed
 in

 a
 s

yr
in

ge
.  

3.
4.

1 
W

hi
ch

 c
om

po
un

d 
(P

 o
r T

) w
ill 

be
 p

re
se

nt
 in

 a
 g

re
at

er
 a

m
ou

nt
 in

 th
e 

SY
R

IN
G

E?
 

(2
) 

3.
4.

2 
Ex

pl
ai

n 
th

e 
an

sw
er

 to
 Q

U
ES

TI
O

N
 3

.4
.1

 b
y 

re
fe

rri
ng

 to
 th

e 
TY

PE
S 

an
d 

ST
R

EN
G

TH
S 

of
 in

te
rm

ol
ec

ul
ar

 fo
rc

es
. 

(3
) 

[1
2]

 

Sy
rin

ge
 

M
ix

tu
re

 o
f P

 a
nd

 T
 

va
po

ur
 



Ph
ys

ic
al

 S
ci

en
ce

s/
P2

 
8 

D
BE

/N
ov

em
be

r 2
01

9 
N

SC
 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r  

Q
U

ES
TI

O
N

 4
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
e 

flo
w

 d
ia

gr
am

 b
el

ow
 s

ho
w

s 
ho

w
 c

om
po

un
d 

A 
ca

n 
be

 u
se

d 
to

 p
re

pa
re

 o
th

er
 o

rg
an

ic
 

co
m

po
un

ds
. T

he
 n

um
be

rs
 I,

 II
, I

II
 a

nd
 IV

 re
pr

es
en

t d
iff

er
en

t o
rg

an
ic

 re
ac

tio
ns

. 

U
se

 th
e 

in
fo

rm
at

io
n 

in
 th

e 
flo

w
 d

ia
gr

am
 to

 a
ns

w
er

 th
e 

fo
llo

w
in

g 
qu

es
tio

ns
. 

4.
1 

N
am

e 
th

e 
ho

m
ol

og
ou

s 
se

rie
s 

to
 w

hi
ch

 c
om

po
un

d 
A 

be
lo

ng
s.

 
(1

) 

4.
2 

W
rit

e 
do

w
n 

th
e 

TY
PE

 o
f r

ea
ct

io
n 

re
pr

es
en

te
d 

by
:  

4.
2.

1 
I 

(1
) 

4.
2.

2 
II

I 
(1

) 

4.
2.

3 
IV

 
(1

) 

4.
3 

C
on

si
de

r r
ea

ct
io

n 
II

I. 
W

rit
e 

do
w

n 
th

e:
 

4.
3.

1 
TW

O
 re

ac
tio

n 
co

nd
iti

on
s 

fo
r t

hi
s 

re
ac

tio
n 

(2
) 

4.
3.

2 
IU

PA
C

 n
am

e 
of

 th
e 

pr
im

ar
y 

al
co

ho
l t

ha
t i

s 
fo

rm
ed

 
(2

) 

4.
4 

D
ra

w
 th

e 
ST

R
U

C
TU

R
AL

 F
O

R
M

U
LA

 fo
r c

om
po

un
d 

B
. 

(2
) 

4.
5 

C
on

si
de

r r
ea

ct
io

n 
IV

. W
rit

e 
do

w
n 

th
e:

  

4.
5.

1 
St

ru
ct

ur
al

 fo
rm

ul
a 

of
 o

rg
an

ic
 c

om
po

un
d 

C 
(2

) 

4.
5.

2 
N

AM
E 

or
 F

O
R

M
U

LA
 o

f t
he

 c
at

al
ys

t t
ha

t i
s 

us
ed

 
(1

) 
[1

3]
 

I 
C

on
ce

nt
ra

te
d 

KO
H

 
Pr

im
ar

y 
al

co
ho

l 

C
om

po
un

d 
A 

II
I ba

se
 

C
H

3C
O

O
H

 
IV

 

O
rg

an
ic

 c
om

po
un

d 
C 

hy
dr

at
io

n 
II

 

C
om

po
un

d 
B 

(m
aj

or
 p

ro
du

ct
) 

C
 

C
 

C
 

H
 

H
 

H
 

H
 

H
 

H
 

Ph
ys

ic
al

 S
ci

en
ce

s/
P2

 
9 

D
BE

/N
ov

em
be

r 2
01

9 
N

SC
 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r  

Q
U

ES
TI

O
N

 5
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

Th
e 

ca
lc

iu
m

 c
ar

bo
na

te
 (

C
aC

O
3)

 in
 a

nt
ac

id
 ta

bl
et

s 
re

ac
ts

 w
ith

 d
ilu

te
 h

yd
ro

ch
lo

ric
 a

ci
d 

(H
C
ℓ) 

ac
co

rd
in

g 
to

 th
e 

fo
llo

w
in

g 
ba

la
nc

ed
 e

qu
at

io
n:

 

C
aC

O
3(

s)
 +

 2
H

C
ℓ(a

q)
  →

  C
aC

ℓ 2
(a

q)
 +

 C
O

2(
g)

 +
 H

2O
(ℓ)

   
  

H
  <

  0
 

5.
1 

Is
 th

e 
ab

ov
e 

re
ac

tio
n 

EX
O

TH
ER

M
IC

 o
r 

EN
D

O
TH

ER
M

IC
? 

G
iv

e 
a 

re
as

on
 fo

r 
th

e 
an

sw
er

. 
(2

) 

An
 a

nt
ac

id
 ta

bl
et

 o
f m

as
s 

2 
g 

is
 p

la
ce

d 
in

 H
C
ℓ(a

q)
. A

fte
r 

30
 s

 th
e 

m
as

s 
of

 th
e 

ta
bl

et
 

w
as

 fo
un

d 
to

 b
e 

0,
25

 g
.  

5.
2 

C
al

cu
la

te
 th

e 
av

er
ag

e 
ra

te
 (i

n 
g∙

s-1
) o

f t
he

 a
bo

ve
 re

ac
tio

n.
 

(3
) 

Th
e 

an
ta

ci
d 

ta
bl

et
 c

on
ta

in
s 

40
%

 c
al

ci
um

 c
ar

bo
na

te
. A

no
th

er
 a

nt
ac

id
 ta

bl
et

 o
f m

as
s 

2 
g 

is
 a

llo
w

ed
 to

 re
ac

t c
om

pl
et

el
y 

w
ith

 H
C
ℓ(a

q)
. 

5.
3 

C
al

cu
la

te
 th

e 
vo

lu
m

e 
of

 c
ar

bo
n 

di
ox

id
e,

 C
O

2(
g)

 th
at

 w
ill 

be
 c

ol
le

ct
ed

 a
t S

TP
. 

As
su

m
e 

th
at

 a
ll 

th
e 

C
O

2(
g)

 p
ro

du
ce

d 
is

 fr
om

 th
e 

ca
lc

iu
m

 c
ar

bo
na

te
. 

(5
) 

Th
e 

re
ac

tio
n 

ra
te

 o
f 

si
m

ila
r 

an
ta

ci
d 

ta
bl

et
s 

w
ith

 e
xc

es
s 

H
C
ℓ(a

q)
 o

f 
co

nc
en

tra
tio

n 
 

0,
1 

m
ol
∙d

m
-3

 a
t 

D
IF

FE
R

EN
T 

TE
M

PE
R

AT
U

R
ES

 i
s 

m
ea

su
re

d.
 T

he
 g

ra
ph

 b
el

ow
 w

as
 

ob
ta

in
ed

.  

U
se

 th
e 

in
fo

rm
at

io
n 

in
 th

e 
gr

ap
h 

to
 a

ns
w

er
 th

e 
fo

llo
w

in
g 

qu
es

tio
ns

. 

5.
4 

W
rit

e 
do

w
n 

O
N

E 
co

nt
ro

lle
d 

va
ria

bl
e 

fo
r t

hi
s 

in
ve

st
ig

at
io

n.
 

(1
) 

5.
5 

W
rit

e 
do

w
n 

a 
co

nc
lu

si
on

 th
at

 c
an

 b
e 

m
ad

e 
fro

m
 th

e 
gr

ap
h.

 
(2

) 

5.
6 

U
se

 th
e 

co
llis

io
n 

th
eo

ry
 to

 fu
lly

 e
xp

la
in

 th
e 

an
sw

er
 to

 Q
U

ES
TI

O
N

 5
.5

 
(3

) 

5.
7 

R
ed

ra
w

 th
e 

gr
ap

h 
ab

ov
e 

in
 th

e 
AN

SW
ER

 B
O

O
K.

 O
n 

th
e 

sa
m

e 
se

t o
f a

xe
s,

 
sk

et
ch

 th
e 

cu
rv

e 
th

at
 w

ill
 b

e 
ob

ta
in

ed
 if

 H
C
ℓ (a

q)
 o

f c
on

ce
nt

ra
tio

n 
0,

2 
m

ol
∙d

m
-3

 
is

 n
ow

 u
se

d.
 L

ab
el

 th
is

 c
ur

ve
 Y

. 
(2

) 
[1

8]
 

Te
m

pe
ra

tu
re

 (°
C

) 

tim
e

1
(s

-1
)



Ph
ys

ic
al

 S
ci

en
ce

s/
P2
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D

BE
/N

ov
em

be
r 2

01
9 

N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r  

Q
U

ES
TI

O
N

 6
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

In
iti

al
ly

 6
0,

8 
g 

pu
re

 c
ar

bo
n 

di
ox

id
e,

 C
O

2(
g)

, i
s 

re
ac

te
d 

w
ith

 c
ar

bo
n,

 C
(s

), 
in

 a
 s

ea
le

d 
co

nt
ai

ne
r 

of
 

vo
lu

m
e 

3 
dm

3 . 
Th

e 
re

ac
tio

n 
re

ac
he

s 
eq

ui
lib

riu
m

 
at

 
te

m
pe

ra
tu

re
 

T 
ac

co
rd

in
g 

to
 th

e 
fo

llo
w

in
g 

ba
la

nc
ed

 e
qu

at
io

n:
 

C
(s

)  
+ 

 C
O

2(
g)

 
  2

C
O

(g
) 

6.
1 

D
ef

in
e 

th
e 

te
rm

 c
he

m
ic

al
 e

qu
ili

br
iu

m
. 

(2
) 

6.
2 

At
 e

qu
ilib

riu
m

 i
t 

is
 f

ou
nd

 t
ha

t 
th

e 
co

nc
en

tra
tio

n 
of

 t
he

 c
ar

bo
n 

di
ox

id
e 

is
 

0,
05

4 
m

ol
∙d

m
-3

. 

C
al

cu
la

te
 th

e:
 

6.
2.

1 
Eq

ui
lib

riu
m

 c
on

st
an

t, 
K C

, f
or

 th
is

 re
ac

tio
n 

at
 te

m
pe

ra
tu

re
 T

 
(7

) 

6.
2.

2 
M

in
im

um
 m
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s 

of
 C

(s
) 

th
at

 m
us

t 
be

 p
re

se
nt

 i
n 

th
e 

co
nt

ai
ne

r 
to

 
ob

ta
in

 th
is

 e
qu

ilib
riu

m
 

(3
) 

6.
3 

H
ow

 w
ill 

EA
C

H
 o

f 
th

e 
fo

llo
w

in
g 

ch
an

ge
s 

af
fe

ct
 t

he
 A

M
O

U
N

T 
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 C
O

(g
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eq
ui

lib
riu

m
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C
ho

os
e  

fro
m

 IN
C

R
EA

SE
S,

 D
EC

R
EA
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S 

or
 R

EM
AI

N
S 

TH
E 

SA
M

E.
 

6.
3.

1 
M

or
e 

ca
rb
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 a
dd

ed
 to

 th
e 

co
nt

ai
ne

r 
(1

) 

6.
3.

2 
Th

e 
pr

es
su

re
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 in
cr

ea
se

d 
by

 re
du

ci
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 th
e 

vo
lu

m
e 

of
 th

e 
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nt
ai

ne
r 

at
 c

on
st

an
t t

em
pe

ra
tu

re
. 
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 L
e 

C
ha

te
lie

r's
 p

rin
ci

pl
e 

to
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la

in
 th

e 
an
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er

. 
(3

) 

6.
4 

Th
e 

ta
bl

e 
be

lo
w

 s
ho

w
s 

th
e 

pe
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en
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ge
s 

of
 C

O
2(
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O
(g

) i
n 

th
e 

co
nt

ai
ne

r 
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 d
iff

er
en

t t
em
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tu
re

s.
 

TE
M

PE
R

AT
U

R
E 

(°
C

) 
%

 C
O

2(g
) 

%
 C

O
(g

) 
82

7 
6,

23
 

93
,7

7 

95
0 

1,
32

 
98

,6
8 

1 
05

0 
0,

37
 

99
,6

3 

1 
20

0 
0,

06
 

99
,9

4 

6.
4.

1 
Is

 th
e 

re
ac

tio
n 

EX
O

TH
ER

M
IC

 o
r E

N
D

O
TH

ER
M

IC
? 

R
ef

er
 to

 th
e 

da
ta

 in
 th

e 
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bl
e 
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d 

ex
pl
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n 

th
e 

an
sw

er
. 

(3
) 

6.
4.

2 
U

se
 t

he
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nf
or

m
at

io
n 

in
 t

he
 t

ab
le

 t
o 

de
te

rm
in

e 
te

m
pe

ra
tu

re
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. 
Sh

ow
 c

le
ar

ly
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ow
 y

ou
 a

rri
ve

d 
at

 th
e 

an
sw

er
. 

(3
) 
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n 
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) 

A 
hy
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og

en
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ro
m
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e 
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lu

tio
n,

 H
Br

(a
q)
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ac
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 w
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 w
at

er
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cc
or

di
ng
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o 

th
e 
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llo

w
in

g 
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la
nc

ed
 c

he
m

ic
al

 e
qu

at
io

n:
 

H
Br

(a
q)

   
+ 

 H
2O

(ℓ)
  

  B
r

(a
q)

  +
  H

3O
+ (a

q)
 

Th
e 

K a
 v

al
ue

 o
f H

Br
(a

q)
 a

t 2
5 

°C
 is

 1
 x

 1
09 . 

7.
1 

Is
 h

yd
ro

ge
n 

br
om

id
e 

a 
ST

R
O

N
G

 A
C

ID
 o

r a
 W

EA
K 

AC
ID

? 
G

iv
e 

a 
re

as
on

 fo
r 

th
e 

an
sw

er
. 

(2
) 

7.
2 

W
rit

e 
do

w
n 

th
e 

FO
R

M
U

LA
E 

of
 th

e 
TW

O
 b

as
es

 in
 th

e 
ab

ov
e 

re
ac

tio
n.

 
(2

) 

7.
3 

H
Br

(a
q)

 re
ac

ts
 w

ith
 Z

n(
O

H
) 2

(s
) a

cc
or

di
ng

 to
 th

e 
fo

llo
w

in
g 

ba
la

nc
ed

 e
qu

at
io

n:
 

Zn
(O

H
) 2

(s
)  

+ 
 2

H
B

r(
aq

)  
→

  Z
nB

r 2
(a

q)
  +

  2
H

2O
(ℓ)

 

An
 u

nk
no

w
n 
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an
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y 

of
 Z

n(
O

H
) 2

(s
) 
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 r
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0 
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3  o
f 

H
Br
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q)

 in
 a

 
fla
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um
e 
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e 
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 t
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 s
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ut
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n 

do
es
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ot

 c
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ng
e 
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g 
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) 

T h
e 

EX
C
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H
Br

(a
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s 
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en
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ed
 b

y 
16

,5
 c

m
3  o
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N

aO
H

(a
q)
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f 
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n 
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5 

m
ol

·d
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 b
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n 
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n 
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: 

H
B
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+ 

 N
aO

H
(a

q)
  →

  N
aB

r(a
q)

  +
  H

2O
(ℓ)
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e 
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 A

FT
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n 
w
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 Z

n(
O

H
) 2

(s
). 
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) 
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e 
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H
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N
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Y 

pr
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en
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n 
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sk
 if
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 c
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ra
tio

n 
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Br

(a
q)
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,4

5 
m
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∙d

m
-3

.  
(6

) 
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) 
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st
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 c
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s 
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n 
in
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e 
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m

 b
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8.
1 

St
at

e 
th

e 
en

er
gy

 c
on

ve
rs

io
n 

th
at

 ta
ke

s 
pl

ac
e 

in
 th

is
 c

el
l. 

(1
) 

8.
2 

W
ha

t i
s 

th
e 

fu
nc

tio
n 

of
 c

om
po

ne
nt

 Q
? 

(1
) 

X 
is

 a
 m

et
al

. A
 v

ol
tm

et
er

 c
on

ne
ct

ed
 a

cr
os

s 
th

e 
ce

ll 
in

iti
al

ly
 re

gi
st

er
s 

1,
49

 V
. 

8.
3 

U
se

 a
 c

al
cu

la
tio

n 
to

 id
en

tif
y 

m
et

al
 X

. 
(5

) 

8.
4 

W
rit

e 
do

w
n 

th
e 

N
AM

E 
or

 F
O

R
M

U
LA

 o
f t

he
 re

du
ci

ng
 a

ge
nt

. 
(1

) 

8.
5 

Th
e 

re
ad

in
g 

on
 t

he
 v

ol
tm

et
er

 b
ec

om
es

 Z
ER

O
 a

fte
r 

th
is

 c
el

l 
op

er
at

es
 f

or
 

se
ve

ra
l h

ou
rs
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8.
5.

1 
G

iv
e 

a 
re

as
on

 fo
r t

hi
s 

re
ad

in
g 

by
 re

fe
rri

ng
 to

 th
e 

ra
te

s 
of

 o
xi

da
tio

n 
an

d 
re

du
ct

io
n 
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lf-

re
ac
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ns

 ta
ki

ng
 p

la
ce

 in
 th

e 
ce

ll.
 

(1
) 

A 
si
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er

 n
itr
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e 

so
lu

tio
n,

 A
gN

O
3(

aq
), 
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 N

O
W
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ed
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o 
th

e 
ch

lo
rin

e 
ha

lf-
ce

ll 
an

d 
a 

pr
ec

ip
ita

te
 fo

rm
s.

  

8.
5.

2 
H

ow
 w

ill 
th

e 
re

ad
in

g 
on

 th
e 

vo
ltm

et
er

 b
e 

af
fe

ct
ed

? 
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ho

os
e 

fro
m

 IN
C

R
EA

SE
S,

 D
EC

R
EA

SE
S 

or
 R

EM
AI

N
S 

th
e 

sa
m

e)
 

(1
) 

8.
5.

3 
U

se
 

Le
 

C
ha

te
lie

r's
 

pr
in

ci
pl

e 
to

 
ex

pl
ai

n 
th

e 
an

sw
er
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Q

U
ES
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O

N
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.5
.2

. 
(2

) 
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2]
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C
hl

or
in

e 
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 p
ro

du
ce

d 
in
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st

ria
lly

 b
y 
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e 
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ly

si
s 
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 c
on

ce
nt

ra
te

d 
so

di
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 c
hl

or
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e 
so

lu
tio
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 N
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ℓ(a

q)
. 

T h
e 

ba
la

nc
ed

 e
qu

at
io

n 
fo

r t
he

 n
et

 (o
ve

ra
ll)

 c
el

l r
ea

ct
io

n 
is
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s 
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w
s:

 

2N
aC

ℓ(a
q )

  +
  2

H
2O

(ℓ)
  →

  H
2(

g)
  +

  2
N

aO
H

(a
q)

  +
  C

ℓ 2
(g

) 

9.
1 

D
ef

in
e 

th
e 

te
rm

 e
le

ct
ro

ly
si

s.
 

(2
) 

9.
2 

Fo
r t

he
 a

bo
ve

 re
ac

tio
n,

 w
rit

e 
do

w
n 

th
e:

 

9.
2.

1 
H

al
f-r

ea
ct

io
n 

th
at

 ta
ke

s 
pl

ac
e 

at
 th

e 
ca

th
od

e 
(2

) 

9.
2.

2 
N

AM
E 

or
 F

O
R

M
U

LA
 o

f t
he

 o
xi

di
si

ng
 a

ge
nt

 
(1

) 

9.
3 

R
ef

er
 t

o 
th

e 
Ta

bl
e 

of
 S

ta
nd

ar
d 

R
ed

uc
tio

n 
Po

te
nt

ia
ls

 t
o 

ex
pl

ai
n 

w
hy

 s
od

iu
m

 
io

ns
 a

re
 n

ot
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du
ce

d 
du

rin
g 

th
is

 p
ro

ce
ss

. 
(3

) 
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G
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N
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w

 p
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) 

Th
e 
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 d
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ra
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m

m
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m
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10
.1

 
W

rit
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do
w

n 
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e 
N
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E 

or
 F

O
R

M
U
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f: 
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.1

.1
 

G
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 X
 

(1
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.1
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G
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(1
) 
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.1
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) 

10
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W

rit
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 c
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 c
om

po
un

d 
P 

in
to

 g
as

 Y
 

(1
) 

10
.2

.2
 

Ba
la

nc
ed

 e
qu

at
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t d
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e 
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m
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e 
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pr
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) 
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D
et
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f c
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) 
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a 

gr
ea
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s 
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 p
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. C
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os
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er
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rit
e 
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le
tte
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1 

W
hi

ch
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of
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llo
w
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 th
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al

 fo
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D
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W
hi

ch
 O

N
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of
 th
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 re
pr

es
en
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 c
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 c
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l b
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l b
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l p
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 c
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 d
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y 
re

qu
ire

d 
to

 …
 

A B C
 

D
 

ca
us

e 
ef

fe
ct

iv
e 

co
llis

io
ns

. 

m
ak

e 
re

ac
ta

nt
 m

ol
ec

ul
es

 c
ol

lid
e.

 

ch
an

g e
 th

e 
or

ie
nt

at
io

n 
of

 re
ac

ta
nt

 m
ol

ec
ul

es
.  

in
cr

ea
se

 t h
e 

ki
ne

tic
 e

ne
rg

y 
of

 re
ac

ta
nt

 m
ol

ec
ul

es
. 

(2
) 

1.
5 

W
hi

ch
 s

ta
te

m
en

t i
s 

C
O

R
R

EC
T 

fo
r a

 s
ys

te
m

 in
 D

YN
AM

IC
 E

Q
U

IL
IB

R
IU

M
? 

A B C
 

D
 

Al
l r

ea
ct

an
ts

 a
re

 u
se

d 
up

. 

Th
e 

fo
rw

ar
d 

re
ac

tio
n 

is
 e

qu
al

 to
 th

e 
re

ve
rs

e 
re

ac
tio

n.
  

Al
l  s

ub
st

an
ce

s 
in

 th
e 

re
ac

tio
n 

ar
e 

of
 e

qu
al

 c
on

ce
nt

ra
tio

n.
 

T h
e 

co
nc

en
tra

tio
n 

of
 th

e 
re

ac
ta

nt
s 

an
d 

pr
od

uc
ts

 re
m

ai
n 

co
ns

ta
nt

. 
(2

) 

1.
6 

In
iti

al
ly

, 
a 

ce
rta

in
 

am
ou

nt
 

of
 

P(
g)

 
w

as
 

pl
ac

ed
 

in
 

an
 

em
pt

y 
co

nt
ai

ne
r. 

Th
e 

hy
po

th
et

ic
al

 re
ac

tio
n 

re
ac

he
s 

eq
ui

lib
riu

m
 in
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 c

lo
se

d 
co

nt
ai

ne
r a

cc
or

di
ng

 
to

 th
e 

fo
llo

w
in

g 
ba

la
nc

ed
 e

qu
at

io
n:

 

P(
g)

  
  2

Q
(g

)  
   

   
 

   
 

H
  <

  0
 

At
 ti

m
e 

t, 
th

e 
te

m
pe

ra
tu

re
 is

 in
cr

ea
se

d.
 

W
h i

ch
 g

ra
ph

 b
el

ow
 b

es
t 

illu
st

ra
te

s 
th

e 
re

su
lti

ng
 c

ha
ng

es
 in

 t
he

 r
at

es
 o

f 
th

e 
fo

rw
ar

d 
an

d 
re

ve
rs

e 
re

ac
tio

ns
 a

fte
r t

he
 te

m
pe

ra
tu

re
 is

 in
cr

ea
se

d?
 

A
 

    
B

 

C
 

    

D
 

    

(2
) 

tim
e 

(s
)

rate (mol∙s
-1

) 

t 
rate (mol∙s

-1
) 

tim
e 

(s
)

t 
tim

e 
(s

) 

rate (mol∙s
-1

) 

t 

tim
e 

(s
) 

rate (mol∙s
-1

) 
t 
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R
ea
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I 
an
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lo
w

 
ha

ve
 

eq
ui

lib
riu

m
 

co
ns

ta
nt

s 
(K

c) 
gr

ea
te

r 
th

an
 1

.  

I:
   

 H
3X

  +
  H

C
O

3
  H

2X
−   +

  H
2C

O
3 

K c
 >

 1
 

II
:  

 H
3O

+   +
  H

2X
−   

  H
2O

  +
  H

3X
 

K c
 >

 1
 

Ba
se

d 
on

 
th

e 
re

ac
tio

ns
 

ab
ov

e,
 

th
e 

AC
ID

S 
in

 
or

de
r 

of
 

IN
C

R
EA

SI
N

G
 

ST
R

EN
G

TH
 (w

ea
ke

st
 to

 s
tro

ng
es

t) 
ar

e 
…
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D
 

H
3X

,  
H

2X
− ,  

H
3O

+ 

H
2C

O
3,

 H
3X

,  
H

3O
+   

H
3X

,  
H

2C
O

3,
  H

3O
+ 

H
3X

,  
H

3O
+ ,  

H
2C

O
3 

(2
) 

1.
8 

C
on

si
de

r t
he

 c
el

l n
ot

at
io

n 
fo

r a
 g

al
va

ni
c 

ce
ll 

be
lo

w
. 

N
i(s

) |
 N

i2+
(a

q)
 ||

 H
+ (a

q)
 | 

H
2(

g)
 | 

Pt
(s

) 

W
h i

ch
 O

N
E 

of
 t

he
 f

ol
lo

w
in

g 
ha

lf-
re

ac
tio

ns
 t

ak
es

 p
la

ce
 a

t 
th

e 
AN

O
D

E 
of

  
th

is
 c

el
l?

 

A B C
 

D
 

2H
+ (a

q)
 +

 2
e−   

  H
2(

g)
 

H
2(

g)
  

  2
H

+ (a
q)

 +
 2

e−  

N
i2+

(a
q)

 +
 2

e−   
  N

i(s
) 

N
i(s

)   
  N

i2+
(a

q)
 +

 2
e−   

(2
) 

1.
9 

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

is
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pp
lic

ab
le

 to
 a

n 
EL

EC
TR

O
LY

TI
C

 C
EL

L?
 

A B C
 

D
 

R
ed

uc
tio

n 
ta

ke
s 

pl
ac

e 
at

 th
e 

an
od

e.
 

O
xi

da
tio

n 
ta

ke
s 

pl
ac

e 
at

 th
e 

ca
th

od
e.

  

It 
us

es
 a

lte
rn

at
in

g 
cu

rre
nt

. 

A 
ba

t te
ry

 is
 u

se
d 

fo
r t

he
 c

el
l t

o 
fu

nc
tio
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Th

e 
flo

w
 d

ia
gr

am
 b

el
ow

 s
ho

w
s 

fo
ur
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ta

ge
s 

(A
, B

, C
 a
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 D

) i
n 

th
e 

co
nv

er
si

on
 

of
 s

ul
ph

ur
 to

 s
ul

ph
ur

ic
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ci
d.

  

At
 w

hi
ch

 s
ta

ge
 is

 a
 c

at
al

ys
t u

se
d?

 

A B C
 

D
 

A
 

B
 

C
 

D
 

(2
) 

[2
0]

 

Su
lp

hu
r 

Su
lp

hu
r 

di
ox

id
e 

Su
lp

hu
r 

tri
ox

id
e 

O
le

um
 

Su
lp

hu
ric

 a
ci

d 

St
ag

e 
D 

St
ag

e 
C 

St
ag

e 
B 

St
ag

e 
A 
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 (S

ta
rt
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n 

a 
ne

w
 p

ag
e.

)  

A 
te

st
 tu

be
 c

on
ta

in
in

g 
a 

st
ra

ig
ht

 c
ha

in
 o

rg
an

ic
 a

ci
d 

X,
 e

th
an

ol
 a

nd
 a

 c
at

al
ys

t i
s 

he
at

ed
 

in
 a

 w
at

er
 b

at
h,

 a
s 

illu
st

ra
te

d 
be

lo
w

.  

O
rg

an
ic

 c
om

po
un

d 
Y 

is
 p

ro
du

ce
d 

ac
co

rd
in

g 
to

 th
e 

fo
llo

w
in

g 
eq

ua
tio

n:
 

X 
 +

  C
2H

5O
H

  
  Y

  +
  H

2O
 

2.
1 

G
iv

e 
a 

re
as

on
 w

hy
 th

e 
te

st
 tu

be
 is

 h
ea

te
d 

in
 a

 w
at

er
 b

at
h 

in
st

ea
d 

of
 d

ire
ct

ly
 

ov
er

 th
e 

fla
m

e.
 

(1
) 

2.
2 

W
rit

e 
do

w
n 

th
e:

 

2.
2.

1 
Ty

pe
 o

f r
ea

ct
io

n 
th

at
 ta

ke
s 

pl
ac

e 
he

re
 

(1
) 

2.
2.

2 
FO

R
M

U
LA

 o
f t

he
 c

at
al

ys
t n

ee
de

d 
(1

) 

2.
2.

3 
H

om
ol

og
ou

s 
se

rie
s 

to
 w

hi
ch

 c
om

po
un

d 
Y 

be
lo

ng
s 

(1
) 

Th
e 

m
ol

ec
ul

ar
 m

as
s 

of
 c

om
po

un
d 

Y 
is

 1
44

 g
∙m

ol
-1

 a
nd

 it
s 

em
pi

ric
al

 fo
rm

ul
a 

is
 C

4H
8O

. 

2.
3 

D
et

er
m

in
e 

th
e 

m
ol

ec
ul

ar
 fo

rm
ul

a 
of

 c
om

po
un

d 
Y.

 
(2

) 

2.
4 

W
rit

e 
do

w
n 

th
e 

IU
PA

C
 n

am
e 

of
 c

om
po

un
d 

Y.
 

(2
) 

2.
5 

W
rit

e 
do

w
n 

th
e 

st
ru

ct
ur

al
 fo

rm
ul

a 
of

 th
e 

or
ga

ni
c 

ac
id

 X
. 

(2
) 

[1
0]

 

X 
+ 

C
2H

5O
H

 +
 c

at
al

ys
t 

   
  w

at
er

 b
at

h 

   
   

tri
po

d 
Bu

ns
en

 b
ur

ne
r 

te
st

 tu
be
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 (S

ta
rt
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n 

a 
ne

w
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ag
e.

)  

Th
e 

bo
ilin

g 
po

in
ts

 o
f d

iff
er

en
t o

rg
an

ic
 c

om
po

un
ds

 a
re

 g
iv

en
 b

el
ow

.  

C
O

M
PO

U
N

D
 

B
O

IL
IN

G
 P

O
IN

T 
(°

C
) 

A
 

H
C

O
O

H
 

10
1 

B
 

C
H

3C
O

O
H

 
11

8 

C
 

C
H

3C
H

2C
O

O
H

 
14

1 

D
 

C
H

3C
H

2C
H

2C
O

O
H

 
16

4 

3.
1 

D
ef

in
e 

bo
ili

ng
 p

oi
nt

. 
(2

) 

3.
2 

W
rit

e 
do

w
n 

th
e:

 

3.
2.

1 
N

am
e 

of
 th

e 
FU

N
C

TI
O

N
AL

 G
R

O
U

P 
of

 th
es

e 
co

m
po

un
ds

 
(1

) 

3.
2.

2 
IU

PA
C

 n
am

e 
of

 c
om

po
un

d 
C 

(1
) 

3.
2.

3 
St

ru
ct

ur
al

 fo
rm

ul
a 

of
 th

e 
FU

N
C

TI
O

N
AL

 is
om

er
 o

f c
om

po
un

d 
B 

(2
) 

3.
3 

W
hi

ch
 O

N
E 

of
 th

e 
co

m
po

un
ds

, A
 o

r B
 o

r C
, h

as
 th

e 
hi

gh
es

t v
ap

ou
r p

re
ss

ur
e?

 
R

ef
er

 to
 th

e 
da

ta
 in

 th
e 

ta
bl

e 
to

 g
iv

e 
a 

re
as

on
 fo

r t
he

 a
ns

w
er

. 
(2

) 

3.
4 

Th
e 

bo
ilin

g 
po

in
t o

f c
om

po
un

d 
B

 is
 n

ow
 c

om
pa

re
d 

w
ith

 o
f c

om
po

un
d 

X.
 

C
O

M
PO

U
N

D
 

B
O

IL
IN

G
 P

O
IN

T 
(°

C
) 

B
 

C
H

3C
O

O
H

 
11

8 
X 

C
H

3C
H

2C
H

2O
H

 
98

 

3.
4.

1 
Be

si
de

s 
th

e 
co

nd
iti

on
s 

us
ed

 t
o 

de
te

rm
in

e 
bo

ilin
g 

po
in

ts
, 

gi
ve

 a
 

re
as

on
 w

hy
 th

is
 is

 a
 fa

ir 
co

m
pa

ris
on

. 
(1

) 

3.
4.

2 
Is

 c
om

po
un

d 
X 

a 
PR

IM
AR

Y,
 S

EC
O

N
D

AR
Y 

or
 T

ER
TI

AR
Y 

al
co

ho
l?

 
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

3.
4.

3 
Fu

lly
 e

xp
la

in
 th

e 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

bo
ilin

g 
po

in
ts

 b
y 

re
fe

rri
ng

 
to

 t
he

 t
yp

es
 o

f 
in

te
rm

ol
ec

ul
ar

 f
or

ce
s 

pr
es

en
t 

in
 e

ac
h 

of
 t

he
se

 
co

m
po

un
ds

. 
(4

) 
[1

5]
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4.
1 

Th
re

e 
re

ac
tio

ns
 o

f o
rg

an
ic

 c
om

po
un

ds
 fr

om
 th

e 
sa

m
e 

ho
m

ol
og

ou
s 

se
rie

s 
ar

e 
sh

ow
n 

be
lo

w
.  

I:
 

Bu
ta

ne
  +

  B
r 2

  
  2

-b
ro

m
ob

ut
an

e 
 +

  P
  

II
:  

Pe
nt

an
e 

 +
  e

xc
es

s 
ox

yg
en

  
   

II
I:

 
H

ex
an

e 
 

  C
2H

4 +
 Q

 

4.
1.

1 
D

ef
in

e 
a 

ho
m

ol
og

ou
s 

se
rie

s.
 

(2
) 

4.
1.

2 
N

am
e 

th
e 

ty
pe

 o
f r

ea
ct

io
n 

re
pr

es
en

te
d 

by
 I.

 
(1

) 

4.
1.

3 
W

rit
e 

do
w

n 
th

e 
fo

rm
ul

a 
of

 th
e 

in
or

ga
ni

c 
co

m
po

un
d 

P.
 

(1
) 

4.
1.

4 
G

iv
e 

th
e 

st
ru

ct
ur

al
 

fo
rm

ul
a 

of
 

a 
PO

SI
TI

O
N

AL
 

is
om

er
 

of
 

2-
br

om
ob

ut
an

e.
(2

) 

4.
1.

5 
U

si
ng

 m
ol

ec
ul

ar
 f

or
m

ul
ae

, 
w

rit
e 

do
w

n 
th

e 
ba

la
nc

ed
 e

qu
at

io
n 

fo
r 

re
ac

tio
n 

II
. 

(3
) 

R
ea

ct
io

n 
II

I i
s 

an
 e

xa
m

pl
e 

of
 a

 c
ra

ck
in

g 
re

ac
tio

n.
 

4.
1.

6 
D

ef
in

e 
a 

cr
ac

ki
ng

 re
ac

tio
n.

 
(2

) 

4.
1.

7 
G

iv
e 

th
e 

st
ru

ct
ur

al
 fo

rm
ul

a 
of

 o
rg

an
ic

 c
om

po
un

d 
Q

. 
(2

) 

4.
2 

St
ud

y 
th

e 
flo

w
 d

ia
gr

am
 b

el
ow

. 

4.
2.

1 
W

rit
e 

do
w

n 
th

e 
IU

PA
C

 n
am

e 
of

 c
om

po
un

d 
R

. 
(2

) 

4.
2.

2 
C

om
po

un
d 

R
 r

ea
ct

s 
in

 t
he

 p
re

se
nc

e 
of

 c
on

ce
nt

ra
te

d 
ph

os
ph

or
ic

 
ac
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 to

 fo
rm

 a
n 

al
ke

ne
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W
rit
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do

w
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th
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st
ru

ct
ur

al
 fo

rm
ul

a 
of

 th
e 

M
AJ

O
R

 P
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O
D

U
C
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ac
tio

n.
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ro
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Th
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re
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n 

of
 z
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d 
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S 
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te
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lo
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 a

ci
d 

is
 u

se
d 
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 in

ve
st

ig
at

e 
fa
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or
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ac
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n 

ra
te

. T
he

 b
al

an
ce

d 
eq

ua
tio

n 
fo

r t
he

 re
ac

tio
n 

is
: 

Zn
(s

)  
+ 

 2
H

C
ℓ(a

q)
  

  Z
nC

ℓ 2
(a

q)
  +

  H
2(

g)
 

Th
e 

re
ac

tio
n 

co
nd

iti
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s 
us

ed
 a

nd
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ul

ts
 o

bt
ai

ne
d 

fo
r 

ea
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 e
xp

er
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en
t 

ar
e 
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m

m
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is
ed
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bl
e 

be
lo

w
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e 
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m

e 
m
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s 
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d 
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ll 
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 c
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pl
et

el
y 

co
ve

re
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re

ac
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. T
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 re

ac
tio

n 
tim

e 
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 th
e 
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e 

it 
ta
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th
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ac

tio
n 

to
 b
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m
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F 

H
C
ℓ 

(c
m

3 ) 
ST

AT
E 

O
F 

D
IV

IS
IO

N
  

O
F 

Zn
 

TE
M

PE
R

AT
U

R
E 

O
F 

H
C
ℓ 

(°
C)

 
R

EA
C

TI
O

N
 

TI
M

E 
(m

in
.) 

1 
2,

0 
20

0 
po

w
de

r 
25

 
7 

2 
1,

5 
20

0 
gr

an
ul

es
 

25
 

14
 

3 
5,

0 
20

0 
po

w
de

r 
25

 
5 

4 
1,

5 
40

0 
gr

an
ul

es
 

25
 

x 
5 

2,
0 

20
0 

po
w

de
r 

35
 

4 

5.
1 

Ex
pe

rim
en

t 1
 a

nd
 e

xp
er

im
en

t 
5 

ar
e 

co
m

pa
re

d.
 W

rit
e 

do
w

n 
th

e 
in

de
pe

nd
en

t 
va

ria
bl

e.
 

(1
) 

5.
2 

D
ef

in
e 

re
ac

tio
n 

ra
te

. 
(2

) 

5.
3 

W
rit

e 
do

w
n 

th
e 

va
lu

e 
of

 x
 in

 e
xp

er
im

en
t 4

. 
(2

) 

5.
4 

Th
e 

M
ax

w
el

l-B
ol

tz
m

an
n 

en
er

gy
 d

is
tri

bu
tio

n 
cu

rv
es

 f
or

 p
ar

tic
le

s 
in

 e
ac

h 
of

 
ex

pe
rim

en
ts

 1
, 3

 a
nd

 5
 a

re
 s

ho
w

n 
be

lo
w

. 

Id
en

tif
y 

th
e 

gr
ap

h 
(A

 o
r B

 o
r C

) t
ha

t r
ep

re
se

nt
s 

th
e 

fo
llo

w
in

g:
  

5.
4.

1 
Ex

pe
rim

en
t 3

 
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

5.
4.

2 
Ex

pe
rim

en
t 5

 
G

iv
e 

a 
re

as
on

 fo
r t

he
 a

ns
w

er
. 

(2
) 

A
 

number of molecules 

B
 

C
 

E a
 

ki
ne

tic
 e

ne
rg

y 
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D

BE
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ov
em

be
r 2

01
8 

N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

5.
5 

Ex
pe

rim
en

t 
6 

is
 n

ow
 c

on
du

ct
ed

 u
si

ng
 a

 c
at

al
ys

t 
an

d 
th

e 
SA

M
E 

re
ac

tio
n 

co
nd

iti
on

s 
as

 fo
r E

xp
er

im
en

t 1
.  

5.
5.

1 
W

ha
t i

s 
th

e 
fu

nc
tio

n 
of

 th
e 

ca
ta

ly
st

 in
 th

is
 e

xp
er

im
en

t?
 

(1
) 

5.
5.

2 
H

ow
 w

ill 
th

e 
he

at
 o

f 
re

ac
tio

n 
in

 e
xp

er
im

en
t 

6 
co

m
pa

re
 t

o 
th

at
 in

 
ex

pe
rim

en
t 

1?
 C

ho
os

e 
fro

m
: 

G
R

EA
TE

R
 T

H
AN

, 
EQ

U
AL

 T
O

 o
r 

LE
SS

 T
H

AN
. 

(1
) 

5.
6 

C
al

cu
la

te
 th

e 
av

er
ag

e 
ra

te
 o

f t
he

 r
ea

ct
io

n 
(in

 m
ol

·m
in

-1
) 

w
ith

 r
es

pe
ct

 to
 z

in
c 

fo
r e

xp
er

im
en

t 2
 if

 1
,5

 g
 o

f z
in

c 
is

 u
se

d.
 

(4
) 

[1
5]

 

Q
U

ES
TI

O
N

 6
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

D
in

itr
og

en
 t

et
ra

ox
id

e,
 N

2O
4(

g)
, 

de
co

m
po

se
s 

to
 n

itr
og

en
 d

io
xi

de
, 

N
O

2(
g)

, 
in

 a
 s

ea
le

d 
sy

rin
ge

 o
f v

ol
um

e 
2 

dm
3 .  

Th
e 

m
ix

tu
re

 r
ea

ch
es

 e
qu

ilib
riu

m
 a

t 
32

5 
°C

 a
cc

or
di

ng
 t

o 
th

e 
fo

llo
w

in
g 

ba
la

nc
ed

 
eq

ua
tio

n:
 

N
2O

4(
g)

  
  2

N
O

2 (
g)

 
  c

ol
ou

rle
ss

   
   

 b
ro

w
n 

W
he

n 
eq

ui
lib

riu
m

 is
 re

ac
he

d,
 it

 is
 o

bs
er

ve
d 

th
at

 th
e 

co
lo

ur
 o

f t
he

 g
as

 in
 th

e 
sy

rin
ge

 is
 

br
ow

n.
 

6.
1 

St
at

e 
Le

 C
ha

te
lie

r's
 p

rin
ci

pl
e.

 
(2

) 

6.
2 

Th
e 

sy
rin

ge
 is

 n
ow

 d
ip

pe
d 

in
to

 a
 b

ea
ke

r o
f i

ce
 w

at
er

. A
fte

r a
 w

hi
le

 th
e 

br
ow

n 
co

lo
ur

 d
is

ap
pe

ar
s.

  

Is
 t

he
 f

or
w

ar
d 

re
ac

tio
n 

EX
O

TH
ER

M
IC

 o
r 

EN
D

O
TH

ER
M

IC
? 

Ex
pl

ai
n 

th
e 

an
sw

er
 u

si
ng

 L
e 

C
ha

te
lie

r's
 p

rin
ci

pl
e.

 
(3

) 

6.
3 

Th
e 

vo
lu

m
e 

of
 t

he
 s

yr
in

ge
 is

 n
ow

 d
ec

re
as

ed
 w

hi
le

 t
he

 t
em

pe
ra

tu
re

 is
 k

ep
t 

co
ns

ta
nt

.  

H
ow

 w
ill 

EA
C

H
 o

f 
th

e 
fo

llo
w

in
g 

be
 a

ffe
ct

ed
? 

C
ho

os
e 

fro
m

: 
IN

C
R

EA
SE

S,
 

D
EC

R
EA

SE
S 

or
 R

EM
AI

N
S 

TH
E 

SA
M

E.
 

6.
3.

1 
Th

e 
nu

m
be

r o
f m

ol
es

 o
f N

2O
4(

g)
   

(1
) 

6.
3.

2 
Th

e 
va

lu
e 

of
 th

e 
eq

ui
lib

riu
m

 c
on

st
an

t 
(1

) 

6.
3.

3 
Th

e 
ra

te
 o

f t
he

 fo
rw

ar
d 

an
d 

re
ve

rs
e 

re
ac

tio
ns

 
(1

) 

6.
4 

In
iti

al
ly

 X
 m

ol
es

 o
f 

N
2O

4(
g)

 w
er

e 
pl

ac
ed

 i
n 

th
e 

sy
rin

ge
 o

f 
vo

lu
m

e 
2 

dm
3 .  

W
he

n 
eq

ui
lib

riu
m

 w
as

 r
ea

ch
ed

, 
it 

w
as

 f
ou

nd
 t

ha
t 

20
%

 o
f 

th
e 

N
2O

4(
g)

 h
ad

 
de

co
m

po
se

d.
  

If 
th

e 
eq

ui
lib

riu
m

 c
on

st
an

t, 
K c

, f
or

 th
e 

re
ac

tio
n 

is
 0

,1
6 

at
 3

25
 °

C
, c

al
cu

la
te

 th
e 

va
lu

e 
of

 X
.  

(8
) 

[1
6]

 

2 
dm

3
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D
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be
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N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 7
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

)  

7.
1 

Su
lp

hu
ric

 a
ci

d 
is

 a
 s

tro
ng

 a
ci

d 
pr

es
en

t i
n 

ac
id

 r
ai

n.
 It

 io
ni

se
s 

in
 tw

o 
st

ep
s 

as
 

fo
llo

w
s:

 

I:
 

H
2S

O
4(

aq
)  

+ 
 H

2O
(ℓ)

  
  H

3O
+ (a

q)
  +

  
4

H
SO

(a
q)

 

II
:  

4
H

SO
(a

q)
  +

  H
2O

(ℓ)
  

  H
3O

+ (a
q)

  +
  

2 4
SO

(a
q)

 

7.
1.

1 
D

ef
in

e 
an

 a
ci

d 
in

 te
rm

s 
of

 th
e 

Lo
w

ry
-B

rø
ns

te
d 

th
eo

ry
. 

(2
) 

7.
1.

2 
W

rit
e 

do
w

n 
th

e 
FO

R
M

U
LA

 o
f t

he
 c

on
ju

ga
te

 b
as

e 
of

 H
3O

+ (a
q)

.  
(1

) 

7.
1.

3 
W

rit
e 

do
w

n 
th

e 
FO

R
M

U
LA

 o
f 

th
e 

su
bs

ta
nc

e 
th

at
 a

ct
s 

as
 a

n 
am

ph
ol

yt
e 

in
 th

e 
io

ni
sa

tio
n 

of
 s

ul
ph

ur
ic

 a
ci

d.
 

(2
) 

7.
2 

Ac
id

 r
ai

n 
do

es
 n

ot
 c

au
se

 d
am

ag
e 

to
 l

ak
es

 t
ha

t 
ha

ve
 r

oc
ks

 c
on

ta
in

in
g 

lim
es

to
ne

 (
C

aC
O

3)
. 

H
yd

ro
ly

si
s 

of
 C

aC
O

3 
re

su
lts

 i
n 

th
e 

fo
rm

at
io

n 
of

 i
on

s,
 

w
hi

ch
 n

eu
tra

lis
e 

th
e 

ac
id

. 

7.
2.

1 
D

ef
in

e 
hy

dr
ol

ys
is

 o
f a

 s
al

t. 
(2

) 

7.
2.

2 
Ex

pl
ai

n,
 w

ith
 t

he
 a

id
 o

f 
th

e 
re

le
va

nt
 H

YD
R

O
LY

SI
S 

re
ac

tio
n,

 h
ow

 
lim

es
to

ne
 c

an
 n

eu
tra

lis
e 

th
e 

ac
id

. 
(3

) 

7.
3 

Th
e 

w
at

er
 in

 a
 c

er
ta

in
 la

ke
 h

as
 a

 p
H

 o
f 5

.  

7.
3.

1 
C

al
cu

la
te

 th
e 

co
nc

en
tra

tio
n 

of
 th

e 
hy

dr
on

iu
m

 io
ns

 in
 th

e 
w

at
er

. 
(3

) 

Th
e 

vo
lu

m
e 

of
 w

at
er

 in
 th

e 
la

ke
 is

 4
 x

 1
09  d

m
3 . L

im
e,

 C
aO

, i
s 

ad
de

d 
to

 th
e 

w
at

er
 to

 n
eu

tra
lis

e 
th

e 
ac

id
 a

cc
or

di
ng

 to
 th

e 
fo

llo
w

in
g 

re
ac

tio
n:

 

C
aO

  +
  2

H
3O

+   
  C

a2+
  +

  3
H

2O
 

7.
3.

2 
If 

th
e 

fin
al

 a
m

ou
nt

 o
f h

yd
ro

ni
um

 io
ns

 is
 1

,2
6 

x 
10

3  m
ol

es
, c

al
cu

la
te

 
th

e 
m

as
s 

of
 li

m
e 

th
at

 w
as

 a
dd

ed
 to

 th
e 

la
ke

. 
(7

) 
[2

0]
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N
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C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 8
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

)  

8.
1 

C
or

ro
si

on
 is

 a
 re

do
x 

re
ac

tio
n 

th
at

 ta
ke

s 
pl

ac
e 

in
 th

e 
pr

es
en

ce
 o

f o
xy

ge
n 

an
d 

w
at

er
. R

us
tin

g 
is

 th
e 

co
rro

si
on

 o
f i

ro
n 

le
ad

in
g 

to
 th

e 
fo

rm
at

io
n 

of
 ir

on
(II

I) 
io

ns
. 

8.
1.

1 
D

ef
in

e 
ox

id
at

io
n 

in
 te

rm
s 

of
 e

le
ct

ro
n 

tra
ns

fe
r. 

(2
) 

A 
cl

ea
ne

d 
co

pp
er

 r
od

 a
nd

 a
 c

le
an

ed
 i

ro
n 

na
il 

ar
e 

pl
ac

ed
 i

n 
a 

be
ak

er
 

co
nt

ai
ni

ng
 w

at
er

 a
t 2

5°
C

, a
s 

sh
ow

n 
be

lo
w

.  

Af
te

r 
a 

w
hi

le
 i

t 
w

as
 o

bs
er

ve
d 

th
at

 t
he

 i
ro

n 
na

il 
w

as
 c

oa
te

d 
w

ith
 r

us
t. 

Th
e 

co
pp

er
 ro

d 
sh

ow
ed

 n
o 

vi
si

bl
e 

si
gn

s 
of

 c
or

ro
si

on
. 

8.
1.

2 
W

rit
e 

do
w

n 
th

e 
ha

lf-
re

ac
tio

n 
fo

r t
he

 ir
on

 n
ai

l. 
(2

) 

8.
1.

3 
D

oe
s 

iro
n 

ac
t a

s 
R

ED
U

C
IN

G
 A

G
EN

T 
or

 O
XI

D
IS

IN
G

 A
G

EN
T 

in
 th

e 
be

ak
er

? 
 

(1
) 

8.
1.

4 
Ex

pl
ai

n 
th

e 
ab

ov
e 

ob
se

rv
at

io
n 

by
 re

fe
rri

ng
 to

 th
e 

Ta
bl

e 
of

 S
ta

nd
ar

d 
R

ed
uc

tio
n 

Po
te

nt
ia

ls
.  

(3
) 

To
 p

re
ve

nt
 r

us
tin

g 
of

 a
n 

un
de

rg
ro

un
d 

iro
n 

pi
pe

, 
th

e 
pi

pe
 is

 c
on

ne
ct

ed
 t

o 
a 

m
et

al
 (Q

) t
ha

t c
or

ro
de

s 
ea

si
ly

.  

8.
1.

5 
Yo

u 
ar

e 
gi

ve
n 

tw
o 

m
et

al
s,

 Z
n 

an
d 

C
u,

 t
o 

us
e 

as
 m

et
al

 
Q

. 
W

hi
ch

 m
et

al
 w

ou
ld

 m
or

e 
su

ita
bl

e?
 G

iv
e 

a 
re

as
on

. 
(2

) 

8.
2 

A 
ga

lv
an

ic
 c

el
l 

is
 c

on
st

ru
ct

ed
 u

si
ng

 a
 F

e 
| 

Fe
3+

 h
al

f-c
el

l 
an

d 
a 

C
u 

| 
C

u2+
  

ha
lf-

ce
ll.

  

8.
2.

1 
W

rit
e 

do
w

n 
th

e 
ov

er
al

l (
ne

t) 
ce

ll 
re

ac
tio

n 
th

at
 ta

ke
s 

pl
ac

e 
w

he
n 

th
e 

ce
ll 

is
 fu

nc
tio

ni
ng

. 
(3

) 

8.
2.

2 
C

al
cu

la
te

 th
e 

ce
ll 

po
te

nt
ia

l o
f t

hi
s 

ce
ll 

un
de

r s
ta

nd
ar

d 
co

nd
iti

on
s.

 
(4

) 
[1

7]
 

H
2O

(ℓ)
 

C
u 

 F
e 

co
nn

ec
tin

g 
w

ire
 

Q
 

iro
n 

pi
pe

 

m
oi

st
 s

oi
l 
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D

BE
/N

ov
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be
r 2

01
8 

N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 9
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

)  

Th
e 

el
ec

tro
ly

tic
 c

el
l 

be
lo

w
 i

s 
se

t 
up

 t
o 

ob
ta

in
 p

ur
e 

co
pp

er
 f

ro
m

 a
 p

ie
ce

 o
f 

im
pu

re
 

co
pp

er
. 

Th
e 

im
pu

re
 c

op
pe

r 
co

nt
ai

ns
 o

th
er

 m
et

al
s,

 s
uc

h 
as

 p
la

tin
um

, 
iro

n,
 c

ob
al

t, 
si

lv
er

 a
nd

 
ni

ck
el

.  

T h
e 

ce
ll 

po
te

nt
ia

l o
f t

he
 p

ow
er

 s
ou

rc
e 

is
 a

dj
us

te
d 

so
 th

at
 o

nl
y 

co
pp

er
 is

 d
ep

os
ite

d 
on

 
el

ec
tro

de
 B

. 

9.
1 

D
ef

in
e 

an
 e

le
ct

ro
ly

tic
 c

el
l. 

(2
) 

9.
2 

W
rit

e 
do

w
n 

th
e 

FO
R

M
U

LA
 o

f a
 s

ui
ta

bl
e 

el
ec

tro
ly

te
 fo

r t
hi

s 
ce

ll.
 

(1
) 

9.
3 

W
hi

ch
 e

le
ct

ro
de

 (A
 o

r B
) i

s 
th

e 
ca

th
od

e?
  

W
rit

e 
do

w
n 

th
e 

re
le

va
nt

 h
al

f-r
ea

ct
io

n 
ta

ki
ng

 p
la

ce
 a

t t
hi

s 
el

ec
tro

de
. 

(3
) 

9.
4 

Sl
ud

ge
 fo

rm
s 

be
lo

w
 o

ne
 o

f t
he

 e
le

ct
ro

de
s 

w
hi

le
 th

e 
ce

ll 
ab

ov
e 

is
 in

 o
pe

ra
tio

n.
 

W
hi

ch
 o

f t
he

 m
et

al
s ,

 P
LA

TI
N

U
M

, I
R

O
N

, C
O

BA
LT

, S
IL

VE
R

 o
r N

IC
KE

L,
 w

ill 
be

 
pr

es
en

t i
n 

th
e 

sl
ud

ge
? 

(2
) 

[8
] 

el
ec

tro
ly

te
 

 B
 

 A
 

po
w

er
 s

ou
rc

e 
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be
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N
SC

 

C
op

yr
ig

ht
 re

se
rv

ed
 

Q
U

ES
TI

O
N

 1
0 

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

10
.1

 
W

rit
e 

do
w

n 
th

e 
na

m
e 

of
 th

e 
in

du
st

ria
l p

ro
ce

ss
: 

10
.1

.1
 

I 
(1

) 

10
.1

.2
 

II
 

(1
) 

10
.2

 
W

rit
e 

do
w
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re
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 c
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t b
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 c

om
po

un
d 

X 
pr

od
uc

ed
 in

 re
ac

tio
n 

C
   

 
(2

) 

4.
4.

2 
N

A
M

E
 o

r F
O

R
M

U
LA

 o
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in

 re
ac

tio
n 

C
 

(1
) 

4.
4.

3 
R

ea
ct

io
n 

co
nd

iti
on

 n
ee

de
d 

fo
r r
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5]
 

B
ut

an
-1

-o
l C
 

B
 

C
om

po
un

d d 
XX 

   
   

   
   

   
   

   
   

   
 

  
  

  
  

C
om

po
un

d d  
 YY  

   
   

   
   

   
   

   
   

   
   

   
 

C
H

2B
rC

H
B

rC
H

2C
H

3 

  H
B

r D
 

E 

B
r 2

 
F B

ut
yl

 e
th

an
oa

te
 

`
B

ut
an

-2
-o

l

A
 

10
 

PH
YS

IC
A

L 
SC

IE
N

C
ES

 P
2 

(E
C

/S
EP

TE
M

B
ER

 2
01

8)

C
op

yr
ig

ht
 re

se
rv

ed
 

P
le

as
e 

tu
rn

 o
ve

r 

Q
U

ES
TI

O
N

 5
 (S

ta
rt

 o
n 

a 
ne

w
 p

ag
e.

) 

A
 g

ro
up

 o
f l

ea
rn

er
s 

us
ed

 th
e 

ap
pa

ra
tu

s 
be

lo
w

 to
 in

ve
st

ig
at

e 
on

e 
of

 th
e 

fa
ct

or
s 

th
at

 
af

fe
ct

s 
th

e 
ra

te
 o

f d
ec

om
po

si
tio

n 
of

 h
yd

ro
ge

n 
pe

ro
xi

de
, H

2O
2.

Th
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ra
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 c
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ro
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 m
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ro
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2 m
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e 

re
ac

tio
n 

in
 e

xp
er

im
en

t I
 ta

ke
s 

15
 s

ec
on

ds
 to

 ru
n 

to
 c
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 c
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in

 e
xp

er
im

en
t I

. 
(2

) 

Th
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re
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aq
)  

+ 
 H

3O
+ (

aq
)  
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  +

  H
2

  Q
   

+ 
 H

3O
+ (

aq
) 

7.
1.

1 
Is

 o
xa

lic
 a

ci
d 

cl
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2H
2O

(ℓ)
  

  H
3O

+ (a
q)

 +
 

)
aq(

O
H

   
   

  ∆
H

 >
 0

 

At
 th

is
 te

m
pe

ra
tu

re
, t

he
 p

H
 =

 7
 a

nd
 K

w
 =

 1
 x

 1
0-1

4 .  

T h
e 

te
m

pe
ra

tu
re

 o
f t

he
 w

at
er

 is
 n

ow
 in

cr
ea

se
d 

to
 9

0 
°C

.  

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

is
 T

R
U

E 
at

 th
e 

ne
w

 te
m

pe
ra

tu
re

? 

A B C
 

D
 

pH
 =

 7
 

[H
3O

+ ] =
 [ O

H
] 

[H
3O

+ ][ O
H

] =
 1

0-1
4  

[H
3O

+ ] =
 1

0-7
 m

ol
∙d

m
-3

 
(2

) 

1.
7 

A 
hy

dr
oc

hl
or

ic
 

ac
id

 
so

lu
tio

n 
is

 
tit

ra
te

d 
ag

ai
ns

t 
an

 
am

m
on

ia
 

so
lu

tio
n.

 
Th

e 
ba

la
nc

ed
 e

qu
at

io
n 

fo
r t

he
 re

ac
tio

n 
is

:  

H
C
ℓ(a

q)
  +

  N
H

4O
H

(a
q)

  →
  N

H
4C
ℓ(a

q)
  +

  H
2O

(ℓ)
 

W
hi

ch
 O

N
E 

of
 th

e 
fo

llo
w

in
g 

gi
ve

s 
th

e 
pH

 o
f t

he
 s

ol
ut

io
n 

at
 th

e 
en

d 
po

in
t a

nd
 

th
e 

re
as

on
 fo

r t
hi

s 
pH

? 

pH
 

R
EA

SO
N

 

(2
) 

A 
3 

H
3O

+ (a
q)

 is
 fo

rm
ed

 d
ur

in
g 

th
e 

io
ni

sa
tio

n 
of

 H
C
ℓ(a

q)
. 

B 
5 

H
3O

+ (a
q)

 is
 fo

rm
ed

 d
ur

in
g 

hy
dr

ol
ys

is
 o

f 
4

N
H

(a
q)

.  

C
 

7 
N

eu
tra

lis
at

io
n 

ta
ke

s 
pl

ac
e 

at
 th

e 
en

d 
po

in
t. 

D
 

9 
O

H
- (a

q)
 is

 fo
rm

ed
 d

ur
in

g 
hy

dr
ol

ys
is

 o
f 

4
N

H
(a

q)
. 

1.
8 

A 
de

cr
ea

se
 in

 th
e 

ox
id

at
io

n 
nu

m
be

r o
f a

n 
at

om
 d

ur
in

g 
a 

ch
em

ic
al

 re
ac

tio
n 

is
 

kn
ow

n 
as

 …
 

A B C
 

D
 

re
do

x.
 

ox
id

at
io

n.
 

re
du

ct
io

n.
 

el
ec

tro
ly

si
s.

 
(2

)
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1.
9 

Th
e 

tw
o 

ha
lf-

re
ac

tio
ns

 b
el

ow
 a

re
 u

se
d 

to
 c

on
st

ru
ct

 a
 g

al
va

ni
c 

ce
ll.

 

X+ (a
q)

  +
  e

-   
  X

(s
)  

 =
 +

 0
,1

5 
V 

Y2+
(a

q)
  +

  2
e-   

  Y
(s

) 
 =

 - 
0,

15
 V

 

W
hi

ch
 O

N
E 

of
 t

he
 s

ta
te

m
en

ts
 b

el
ow

 i
s 

C
O

R
R

EC
T 

w
he

n 
th

e 
ce

ll 
is

 i
n 

op
er

at
io

n?
 

A B C
 

D
 

X+ (a
q)

 is
 re

du
ce

d.
 

Y(
s)

 is
 re

du
ce

d.
 

X (
s)

 | 
X+ (a

q)
 is

 th
e 

ne
ga

tiv
e 

el
ec

tro
de

. 

El
ec

tro
ns

 f l
ow

 fr
om

 X
(s

) t
o 

Y(
s)

 in
 th

e 
ex

te
rn

al
 c

irc
ui

t. 
(2

) 

1.
10

 
W

hi
ch

 O
N

E 
of

 t
he

 f
ol

lo
w

in
g 

is
 C

O
R

R
EC

T 
fo

r 
th

e 
in

du
st

ria
l 

pr
ep

ar
at

io
n 

of
 

su
lp

hu
ric

 a
ci

d?
 

PR
O

C
ES

S 
C

AT
AL

YS
T 

(2
) 

A 
O

st
w

al
d 

Pl
at

in
um

 

B 
H

ab
er

 
Iro

n 

C
 

C
on

ta
ct

  
Iro

n 

D
 

C
on

ta
ct

 
Va

na
di

um
 p

en
to

xi
de

 
[2

0]
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C
op

yr
ig

ht
 re

se
rv

ed
 

   
 P

le
as

e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 2
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
)  

Th
e 

le
tte

rs
 A

 to
 E

 in
 th

e 
ta

bl
e 

be
lo

w
 re

pr
es

en
t s

ix
 o

rg
an

ic
 c

om
po

un
ds

. 

A
 

 
B

 
 

C
 

Bu
ta

n-
1-

ol
 

D
 

Bu
ta

n-
2-

on
e 

E 

2.
1 

W
rit

e 
do

w
n 

th
e 

LE
TT

ER
 th

at
 re

pr
es

en
ts

 E
AC

H
 o

f t
he

 fo
llo

w
in

g:
 

2.
1.

1 
A 

te
rti

ar
y 

al
co

ho
l 

(1
) 

2.
1.

2 
An

 a
ld

eh
yd

e 
(1

) 

2.
1.

3 
A 

ke
to

ne
 

(1
) 

2.
1.

4 
A 

fu
nc

tio
na

l i
so

m
er

 o
f c

om
po

un
d 

B 
(1

) 

2.
2 

W
rit

e 
do

w
n 

th
e 

IU
PA

C
 n

am
e 

of
: 

2.
2.

1 
C

om
po

un
d 

B 
(1

) 

2.
2.

2 
C

om
po

un
d 

E 
(4

) 

2.
3 

D
ef

in
e 

po
si

tio
na

l i
so

m
er

s.
 

(2
) 

2.
4 

W
rit

e 
do

w
n 

th
e 

ST
R

U
C

TU
R

AL
 F

O
R

M
U

LA
 o

f: 
 

2.
4.

1 
A 

po
si

tio
na

l i
so

m
er

 o
f c

om
po

un
d 

C 
(2

) 

2.
4.

2 
C

om
po

un
d 

D 
(2

) 

2.
4.

3 
Th

e 
or

ga
ni

c 
ac

id
 

th
at

 
w

ill 
re

ac
t 

w
ith

 
co

m
po

un
d 

C
 

to
 

fo
rm

 
bu

ty
l p

ro
pa

no
at

e 
(2

) 
[1

7]
 

C
 

C
 

C
 

C
 

O
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

C
 

C
 

C
 

C
 

C
 

C
 

C
 

H
 

H
 

H
 

C
H

2 

C
H

3 
C

H
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H
 

H
 

H
 

O
H

 

H
 

H
 

H
 

H
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H
 

C
H
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C
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C
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 P

le
as

e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 3
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

St
ud

y 
th

e 
va

po
ur

 
pr

es
su

re
 

ve
rs

us
 

te
m

pe
ra

tu
re

 
gr

ap
hs

 
fo

r 
th

re
e 

or
ga

ni
c 

co
m

po
un

ds
, X

, Y
 a

nd
 Z

, b
el

ow
 w

hi
ch

 b
el

on
g 

to
 d

iff
er

en
t h

om
ol

og
ou

s 
se

rie
s.

  

At
m

os
ph

er
ic

 p
re

ss
ur

e 
is

 1
00

 k
Pa

. 

G
ra

ph
s 

of
 v

ap
ou

r p
re

ss
ur

e 
ve

rs
us

 te
m

pe
ra

tu
re

 

3.
1 

W
rit

e 
do

w
n 

th
e 

va
po

ur
 p

re
ss

ur
e 

of
 c

om
po

un
d 

Y 
at

 9
0 

°C
. 

(1
) 

3.
2 

Th
e 

gr
ap

hs
 c

an
 b

e 
us

ed
 t

o 
de

te
rm

in
e 

th
e 

bo
ilin

g 
po

in
ts

 o
f 

th
e 

th
re

e 
co

m
po

un
ds

. 

3.
2.

1 
D

ef
in

e 
bo

ili
ng

 p
oi

nt
. 

(2
) 

3.
2.

2 
D

et
er

m
in

e 
th

e 
bo

ilin
g 

po
in

t o
f c

om
po

un
d 

X.
 

(1
) 

3.
3 

Th
e 

ho
m

ol
og

ou
s 

se
rie

s 
to

 w
hi

ch
 t

he
 t

hr
ee

 c
om

po
un

ds
 o

f 
si

m
ila

r 
m

ol
ec

ul
ar

 
m

as
se

s 
be

lo
ng

, w
er

e 
id

en
tif

ie
d 

in
 ra

nd
om

 o
rd

er
 a

s:
 

al
co

h o
l; 

 c
ar

bo
xy

lic
 a

ci
d;

  k
et

on
e 

3.
3.

1 
W

hi
ch

 c
om

po
un

d 
(X

, Y
 o

r Z
) i

s 
th

e 
ca

rb
ox

yl
ic

 a
ci

d?
 

(1
) 

3.
3.

2 
Ex

pl
ai

n 
th

e 
an

sw
er

 to
 Q

U
ES

TI
O

N
 3

.3
.1

 b
y 

re
fe

rri
ng

 to
 th

e 
ty

pe
 o

f 
in

te
rm

ol
ec

ul
ar

 f
or

ce
s 

in
 c

om
po

un
ds

 o
f 

ea
ch

 o
f 

th
e 

ho
m

ol
og

ou
s 

se
rie

s 
ab

ov
e.

 
(4

) 

3.
3.

3 
C

om
po

un
d 

X 
ha

s 
th

re
e 

ca
rb

on
 a

to
m

s 
pe

r 
m

ol
ec

ul
e.

 W
rit

e 
do

w
n 

th
e 

IU
PA

C
 n

am
e 

of
 c

om
po

un
d 

X.
 

(1
) 

[1
0]

 

X 

Y 

Z 

Te
m

pe
ra

tu
re

 (°
C

) 

Vapour pressure (kPa) 

  
 2

5 
 

 5
0 

   
 7

5 
 

  1
00

  
   

12
5 

50
 

10
0 

15
0 

20
0 0 
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C
op
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ed
 

   
 P

le
as

e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 4
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

C
on

si
de

r 
th

e 
in

co
m

pl
et

e 
eq

ua
tio

ns
 f

or
 r

ea
ct

io
ns

 I
 t

o 
IV

 b
el

ow
. 

P,
 Q

, 
R

 a
nd

 S
 a

re
 

or
ga

ni
c 

co
m

po
un

ds
. 

I 
Q

  +
  B

r 2
   

 
2-

br
om

ob
ut

an
e 

 +
  H

Br

II
 

nP
 

II
I 

R
   

   
  

   
2P

  +
  Q

 

IV
 

2-
br

om
ob

ut
an

e 
+ 

KO
H

 (i
n 

et
ha

no
l)

   
 S

  +
  T

  +
  H

2O
 

4.
1 

D
ef

in
e 

a 
cr

ac
ki

ng
 re

ac
tio

n.
 

(2
) 

4.
2 

W
rit

e 
do

w
n 

th
e 

re
ac

tio
n 

nu
m

be
r (

I, 
II

, I
II

 o
r I

V
) t

ha
t r

ep
re

se
nt

s 
EA

C
H

 o
f t

he
 

fo
llo

w
in

g:
 

4.
2.

1 
A 

cr
ac

ki
ng

 re
ac

tio
n 

(1
) 

4.
2.

2 
An

 a
dd

iti
on

 re
ac

tio
n 

(1
) 

4.
2.

3 
A 

su
bs

tit
ut

io
n 

re
ac

tio
n 

(1
) 

4.
3 

W
rit

e 
do

w
n:

 

4.
3.

1 
O

N
E 

re
ac

tio
n 

co
nd

iti
on

 fo
r r

ea
ct

io
n 

I 
(1

) 

4.
3.

2 
Th

e 
co

m
po

un
d 

(P
, 

Q
, 

R
 o

r 
S)

 t
ha

t 
re

pr
es

en
ts

 a
n 

un
sa

tu
ra

te
d 

hy
dr

oc
ar

bo
n 

(1
) 

4.
3.

3 
Th

e 
IU

PA
C

 n
am

e 
of

 c
om

po
un

d 
P 

(1
) 

4.
3.

4 
Th

e 
m

ol
ec

ul
ar

 fo
rm

ul
a 

of
 c

om
po

un
d 

R 
(2

) 

4.
3.

5 
Th

e 
st

ru
ct

ur
al

 fo
rm

ul
a 

of
 c

om
po

un
d 

Q
 

(2
) 

4.
3.

6 
Th

e 
st

ru
ct

ur
al

 fo
rm

ul
a 

of
 c

om
po

un
d 

S 
(2

) 
[1

4]
 

he
at

 

n 
C

H
2 

C
H

2 

he
at
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C
op

yr
ig
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 re

se
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ed
 

   
 P

le
as

e 
tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 5
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

AN
SW

ER
 Q

U
ES

TI
O

N
 5

.3
 O

N
 T

H
E 

AT
TA

C
H

ED
 G

R
AP

H
 P

AP
ER

. 

Le
ar

ne
rs

 u
se

 t
he

 r
ea

ct
io

n 
be

tw
ee

n 
so

di
um

 t
hi

os
ul

ph
at

e 
an

d 
hy

dr
oc

hl
or

ic
 a

ci
d 

to
 

in
ve

st
ig

at
e 

on
e 

of
 th

e 
fa

ct
or

s 
th

at
 a

ffe
ct

s 
re

ac
tio

n 
ra

te
. T

he
 b

al
an

ce
d 

eq
ua

tio
n 

fo
r t

he
 

re
ac

tio
n 

is
: 

N
a 2

S 2
O

3(
aq

)  
+ 

 2
H

C
ℓ(a

q)
  →

  2
N

aC
ℓ(a

q)
  +

  H
2O

(ℓ)
  +

  S
O

2(
g)

  +
  S

(s
) 

Th
e 

di
ag

ra
m

 b
el

ow
 s

ho
w

s 
th

e 
ex

pe
rim

en
ta

l s
et

up
. 

In
 t

he
 f

irs
t 

ex
pe

rim
en

t, 
50

 c
m

3  o
f 

th
e 

so
di

um
 t

hi
os

ul
ph

at
e 

so
lu

tio
n 

is
 a

dd
ed

 t
o 

10
0 

cm
3  o

f a
 2

 m
ol
∙d

m
-3

 di
lu

te
 h

yd
ro

ch
lo

ric
 a

ci
d 

so
lu

tio
n 

in
 a

 fl
as

k 
th

at
 is

 p
la

ce
d 

ov
er

 a
 

cr
os

s 
dr

aw
n 

on
 a

 s
he

et
 o

f w
hi

te
 p

ap
er

. T
he

 h
yd

ro
ch

lo
ric

 a
ci

d 
is

 in
 E

XC
ES

S.
 

Th
e 

tim
e 

ta
ke

n 
fo

r 
th

e 
cr

os
s 

to
 b

ec
om

e 
in

vi
si

bl
e,

 w
he

n 
vi

ew
ed

 f
ro

m
 t

he
 t

op
, 

is
 

re
co

rd
ed

.  

Th
e 

ex
pe

rim
en

t 
is

 t
he

n 
re

pe
at

ed
 f

ou
r 

tim
es

 w
ith

 d
iff

er
en

t 
vo

lu
m

es
 o

f 
th

e 
so

di
um

 
th

io
su

lp
ha

te
 s

ol
ut

io
n.

 T
he

 re
su

lts
 o

bt
ai

ne
d 

ar
e 

sh
ow

n 
in

 th
e 

ta
bl

e 
be

lo
w

. 

EX
PE

R
IM

EN
T 

VO
LU

M
E 

O
F 

N
a 2

S 2
O

3 
(c

m
3 ) 

VO
LU

M
E 

O
F 

 
H

2O
 (c

m
3 ) 

TI
M

E 
 

(s
) 

AV
ER

AG
E 

R
AT

E 

(
)

(x
 1

0-2
 s

-1
)  

1 
50

 
0 

22
,7

 
4,

4 
2 

40
 

10
 

28
,6

 
3,

5 
3 

30
 

20
 

38
,5

 
2,

6 
4 

20
 

30
 

58
,8

 
1,

7 
5 

10
 

40
 

11
1,

1 
0,

9 

5.
1 

D
ef

in
e 

re
ac

tio
n 

ra
te

. 
(2

) 

5.
2 

H
ow

 
do

es
 

th
e 

co
nc

en
tra

tio
n 

of
 

th
e 

so
di

um
 

th
io

su
lp

ha
te

 
so

lu
tio

n 
us

ed
 

in
 e

xp
er

im
en

t 2
 c

om
pa

re
 to

 th
at

 u
se

d 
in

 e
xp

er
im

en
t 5

? 
C

ho
os

e 
fro

m
 M

O
R

E 
TH

AN
, L

ES
S 

TH
AN

 o
r E

Q
U

AL
 T

O
. 

(1
) 

N
a 2

S 2
O

3(
aq

) a
nd

 H
C
ℓ(a

q)
 

fla
sk

w
hi

te
 p

ap
er
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 P

le
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e 
tu

rn
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ve
r 

5.
3 

D
ra

w
 a

 g
ra

ph
 o

f a
ve

ra
ge

 re
ac

tio
n 

ra
te

 v
er

su
s 

vo
lu

m
e 

of
 s

od
iu

m
 th

io
su

lp
ha

te
 

us
ed

 o
n 

th
e 

at
ta

ch
ed

 G
R

AP
H

 S
H

EE
T.

  
(A

TT
AC

H
 T

H
IS

 G
R

AP
H

 S
H

EE
T 

TO
 Y

O
U

R
 A

N
SW

ER
 B

O
O

K
.) 

(3
) 

5.
4 

U
se

 th
e 

in
fo

rm
at

io
n 

in
 th

e 
gr

ap
h 

to
 a

ns
w

er
 th

e 
fo

llo
w

in
g 

qu
es

tio
ns

. 

5.
4.

1 
D

et
er

m
in

e 
th

e 
vo

lu
m

e 
of

 
di

lu
te

 
so

di
um

 
th

io
su

lp
ha

te
 

so
lu

tio
n 

th
at

 n
ee

ds
 t

o 
re

ac
t 

in
 o

rd
er

 f
or

 t
he

 c
ro

ss
 t

o 
be

co
m

e 
in

vi
si

bl
e 

in
 4

0 
se

co
nd

s.
 

U
SE

 D
O

TT
ED

 L
IN

ES
 O

N
 T

H
E 

G
R

AP
H

 T
O

 S
H

O
W

 H
O

W
 Y

O
U

 
AR

R
IV

ED
 A

T 
TH

E 
AN

SW
ER

. 
(3

) 

5.
4.

2 
W

rit
e 

do
w

n 
a 

co
nc

lu
si

on
 fo

r t
hi

s 
in

ve
st

ig
at

io
n.

 
(2

) 

5.
5 

U
se

 th
e 

co
llis

io
n 

th
eo

ry
 to

 e
xp

la
in

 th
e 

ef
fe

ct
 o

f a
n 

in
cr

ea
se

 in
 c

on
ce

nt
ra

tio
n 

on
 re

ac
tio

n 
ra

te
. 

(3
) 

5.
6 

Th
e 

m
as

s 
of

 s
ul

ph
ur

 p
ro

du
ce

d 
in

 e
xp

er
im

en
t 1

 is
 1

,6
2 

g.
 C

al
cu

la
te

 th
e 

m
as

s 
of

 th
e 

so
di

um
 th

io
su

lp
ha

te
 u

se
d 

in
 e

xp
er

im
en

t 1
.  

(4
) 

[1
8]

 

Q
U

ES
TI

O
N

 6
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

6.
1 

A 
re

ve
rs

ib
le

 g
as

eo
us

 r
ea

ct
io

n 
is

 a
llo

w
ed

 t
o 

re
ac

h 
eq

ui
lib

riu
m

 i
n 

a 
cl

os
ed

 
co

nt
ai

ne
r a

t d
iff

er
en

t t
em

pe
ra

tu
re

s 
an

d 
pr

es
su

re
s.

 

T h
e 

gr
ap

h 
be

lo
w

 s
ho

w
s 

th
e 

pe
rc

en
ta

ge
 y

ie
ld

 fo
r t

hi
s 

re
ac

tio
n 

at
 3

0 
kP

a 
as

 th
e 

te
m

pe
ra

tu
re

 is
 in

cr
ea

se
d.

 

U
se

 th
e 

in
fo

rm
at

io
n 

in
 th

e 
gr

ap
h 

ab
ov

e 
to

 a
ns

w
er

 th
e 

fo
llo

w
in

g 
qu

es
tio

ns
. 

6.
1.

1 
St

at
e 

Le
 C

ha
te

lie
r's

 p
rin

ci
pl

e.
 

(2
) 

6.
1.

2 
Th

e 
he

at
 o

f 
re

ac
tio

n 
(∆

H
) 

fo
r 

th
e 

fo
rw

ar
d 

re
ac

tio
n 

is
 P

O
SI

TI
VE

. U
se

 
Le

 C
ha

te
lie

r's
 p

rin
ci

pl
e 

to
 e

xp
la

in
 th

is
 s

ta
te

m
en

t. 
(3

) 

Percentage yield 

Te
m

pe
ra

tu
re

 30
 k

Pa
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C
op
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 P

le
as

e 
tu

rn
 o

ve
r 

Th
e 

gr
ap

h 
be

lo
w

 s
ho

w
 t

he
 p

er
ce

nt
ag

e 
yi

el
d 

fo
r 

th
is

 r
ea

ct
io

n 
as

 p
re

ss
ur

e 
ch

an
ge

s 
at

 c
on

st
an

t t
em

pe
ra

tu
re

. 

6.
1.

3 
Ex

pl
ai

n 
th

e 
ef

fe
ct

 o
f 

an
 i

nc
re

as
e 

in
 p

re
ss

ur
e 

on
 t

he
 e

qu
ilib

riu
m

 
po

si
tio

n 
of

 a
 re

ac
tio

n.
 

(2
) 

6.
1.

4 
W

hi
ch

 O
N

E 
of

 th
e 

fo
llo

w
in

g 
eq

ua
tio

ns
 (

I, 
II

 o
r 

II
I)

 r
ep

re
se

nt
s 

th
e 

eq
ui

lib
riu

m
 a

bo
ve

? 

I:
 

2A
(g

)  
+ 

 3
B(

g)
  

  3
C

(g
) 

II
: 

A(
g)

  +
  B

(g
)  

  3
C

(g
) 

II
I:

 
A(

g)
  +

  B
(g

)  
  2

C
(g

) 
(2

) 

6.
2 

A 
m

ix
tu

re
 

of
 

0,
2 

m
ol

es
 

of
 

hy
dr

og
en

 
ch

lo
rid

e 
(H

C
ℓ) 

an
d 

0,
11

 
m

ol
es

 
of

 o
xy

ge
n 

ga
s  

(O
2)

 i
s 

se
al

ed
 i

n 
a 

20
0 

cm
3  f

la
sk

 a
t 

a 
ce

rta
in

 t
em

pe
ra

tu
re

.  
Th

e 
re

ac
tio

n 
re

ac
he

s 
eq

ui
lib

riu
m

 a
cc

or
di

ng
 to

 th
e 

ba
la

nc
ed

 e
qu

at
io

n 
be

lo
w

: 

4H
C
ℓ(g

)  
+ 

 O
2(

g)
  

  2
C
ℓ 2

(g
)  

+ 
 2

H
2O

(g
) 

It 
is

 fo
un

d 
th

at
 1

,8
25

 g
 o

f h
yd

ro
ge

n 
ch

lo
rid

e 
is

 p
re

se
nt

 a
t e

qu
ilib

riu
m

. 

C
al

cu
la

te
 th

e 
eq

ui
lib

riu
m

 c
on

st
an

t, 
K c

, f
or

 th
is

 re
ac

tio
n 

at
 th

is
 te

m
pe

ra
tu

re
. 

(9
) 

[1
8]
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 P

le
as
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tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 7
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

7.
1 

Th
e 

ba
la

nc
ed

 e
qu

at
io

n 
be

lo
w

 r
ep

re
se

nt
s 

th
e 

fir
st

 s
te

p 
in

 t
he

 i
on

is
at

io
n 

of
 

su
lp

hu
ric

 a
ci

d 
(H

2S
O

4)
 in

 w
at

er
: 

H
2S

O
4(
ℓ) 

+ 
H

2O
(ℓ)

  
  H

3O
+ (a

q)
 +

 H
SO

4
(a

q)

7.
1.

1 
W

rit
e 

do
w

n 
th

e 
FO

R
M

U
LA

E 
of

 t
he

 T
W

O
 b

as
es

 i
n 

th
e 

eq
ua

tio
n 

ab
ov

e.
 

(2
) 

7.
1.

2 
Is

 s
ul

ph
ur

ic
 a

ci
d 

a 
ST

R
O

N
G

 o
r 

a 
W

EA
K 

ac
id

? 
G

iv
e 

a 
re

as
on

 fo
r 

th
e 

an
sw

er
. 

(2
) 

7.
2 

Le
ar

ne
rs

 u
se

 t
he

 r
ea

ct
io

n 
of

 a
 0

,1
5 

m
ol
∙d

m
-3

 s
ul

ph
ur

ic
 a

ci
d 

so
lu

tio
n 

w
ith

 a
 

so
di

um
 

hy
dr

ox
id

e 
so

lu
tio

n 
in

 
tw

o 
di

ffe
re

nt
 

ex
pe

rim
en

ts
. 

Th
e 

ba
la

nc
ed

 
eq

ua
tio

n 
fo

r t
he

 re
ac

tio
n 

is
: 

H
2S

O
4(

aq
)  

+ 
 2

N
aO

H
(a

q)
  →

  N
a 2

SO
4(

aq
)  

+ 
 H

2O
(ℓ)

 

7.
2.

1 
Th

ey
 

us
e 

24
 

cm
3  

of
 

H
2S

O
4(

aq
) 

in
 

a 
tit

ra
tio

n 
to

 
ne

ut
ra

lis
e 

26
 c

m
3  o

f N
aO

H
(a

q)
.  

C
al

cu
la

te
 th

e 
co

nc
en

tra
tio

n 
of

 th
e 

N
aO

H
(a

q)
. 

(5
) 

7.
2.

2 
In

 
an

ot
he

r 
ex

pe
rim

en
t, 

30
 

cm
3  

of
 

th
e 

H
2S

O
4(

aq
) 

is
 

ad
de

d 
to

 2
0 

cm
3  o

f a
 0

,2
8 

m
ol
∙d

m
-3

 N
aO

H
 s

ol
ut

io
n 

in
 a

 b
ea

ke
r. 

 

C
al

cu
la

te
 th

e 
pH

 o
f t

he
 fi

na
l s

ol
ut

io
n.

 
(8

) 
[1

7]
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le
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tu
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 o

ve
r 

Q
U

ES
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O
N

 8
   

(S
ta

rt
 o

n 
a 

ne
w

 p
ag

e.
) 

8.
1 

A 
gr

ou
p 

of
 

le
ar

ne
rs

 
us

e 
th

e 
re

do
x 

re
ac

tio
n 

be
lo

w
 

to
 

co
ns

tru
ct

 
an

 
el

ec
tro

ch
em

ic
al

 c
el

l. 

Sn
2+

(a
q)

  +
  2

Ag
+ (a

q)
  →

  2
A

g(
s)

  +
  S

n4+
(a

q)
 

8.
1.

1 
D

ef
in

e 
a 

re
du

ci
ng

 a
ge

nt
 in

 te
rm

s 
of

 e
le

ct
ro

n 
tra

ns
fe

r. 
(2

) 

8.
1.

2 
N

am
e 

a 
su

bs
ta

nc
e 

th
at

 s
ho

ul
d 

be
 u

se
d 

as
 e

le
ct

ro
de

 in
 th

e 
an

od
e 

ha
lf-

ce
ll.

  
(1

) 

8.
1.

3 
W

rit
e 

do
w

n 
th

e 
N

AM
E 

or
 F

O
R

M
U

LA
 o

f t
he

 re
du

ci
ng

 a
ge

nt
. 

(1
) 

8.
1.

4 
W

rit
e 

do
w

n 
th

e 
ce

ll 
no

ta
tio

n 
of

 th
e 

ce
ll.

 
(3

) 

8.
1.

5 
C

al
cu

la
te

 th
e 

in
iti

al
 e

m
f o

f t
hi

s 
ce

ll 
un

de
r s

ta
nd

ar
d 

co
nd

iti
on

s.
 

(4
) 

8.
2 

In
 a

 s
ep

ar
at

e 
ex

pe
rim

en
t, 

th
e 

le
ar

ne
rs

 p
la

ce
 m

ag
ne

si
um

 r
ib

bo
n 

in
 a

 b
ea

ke
r 

co
nt

ai
ni

ng
 a

 b
lu

e 
so

lu
tio

n 
of

 c
op

pe
r(

II)
 s

ul
ph

at
e.

 A
fte

r 
a 

w
hi

le
 t

he
 s

ol
ut

io
n 

be
co

m
es

 c
ol

ou
rle

ss
. 

8.
2.

1 
St

at
e 

O
N

E 
ob

se
rv

ab
le

 c
ha

ng
e 

in
 t

he
 b

ea
ke

r, 
be

si
de

s 
a 

co
lo

ur
 

ch
an

ge
 o

f t
he

 s
ol

ut
io

n,
 th

at
 th

e 
le

ar
ne

rs
 c

an
 m

ak
e.

 
(1

) 

8.
2.

2 
R

ef
er

 t
o 

th
e 

re
la

tiv
e 

st
re

ng
th

s 
of

 o
xi

di
si

ng
 a

ge
nt

s 
or

 r
ed

uc
in

g 
ag

en
ts

 to
 e

xp
la

in
 w

hy
 th

e 
so

lu
tio

n 
be

co
m

es
 c

ol
ou

rle
ss

. 
(3

) 
[1

5]
 

C
op

pe
r(I

I) 
su

lp
ha

te
 s

ol
ut

io
n 

M
ag

ne
si

um
 ri

bb
on
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(S
ta

rt
 o

n 
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ne
w

 p
ag

e.
) 

Th
e 

gr
ap

h 
be

lo
w

 
re

pr
es

en
ts

 
th

e 
ch

an
ge

s 
in

 
m

as
s 

th
at

 
oc

cu
r 

at
 

el
ec

tro
de

 
A 

 
an

d 
el

ec
tro

de
 B

 in
 a

n 
el

ec
tro

ly
tic

 c
el

l d
ur

in
g 

th
e 

pu
rif

ic
at

io
n 

of
 c

op
pe

r. 

9.
1 

D
ef

in
e 

el
ec

tro
ly

si
s.

 
(2

) 

9.
2 

W
hi

ch
 g

ra
ph

, 
A 

or
 B

, 
re

pr
es

en
ts

 t
he

 c
ha

ng
e 

in
 m

as
s 

of
 t

he
 a

no
de

 d
ur

in
g 

el
ec

tro
ly

si
s?

 
(1

) 

9.
3 

W
rit

e 
do

w
n 

th
e 

eq
ua

tio
n 

of
 th

e 
ha

lf-
re

ac
tio

n 
w

hi
ch

 ta
ke

s 
pl

ac
e 

at
 th

e 
ca

th
od

e 
of

 th
is

 c
el

l. 
(2

) 

9.
4 

U
se

 t
he

 in
fo

rm
at

io
n 

in
 t

he
 g

ra
ph

 a
nd

 c
al

cu
la

te
 t

he
 p

er
ce

nt
ag

e 
pu

rit
y 

of
 t

he
 

im
pu

re
 c

op
pe

r. 
(4

) 
[9

] 

A
 B

 

Ti
m

e 

Mass (g) 

5,
0 

4,
6 0 

0,
2 
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Q
U

ES
TI

O
N

 1
0 

  (
St

ar
t o

n 
a 

ne
w

 p
ag

e.
) 

10
.1

 
Th

e 
di

ag
ra

m
 

be
lo

w
 

sh
ow

s 
pr

oc
es

se
s 

in
vo

lv
ed

 
in

 
th

e 
pr

od
uc

tio
n 

of
  

fe
rti

lis
er

 X
 a

nd
 fe

rti
lis

er
 Z

. 

W
rit

e 
do

w
n 

th
e:

 

10
.1

.1
 

Ba
la

nc
ed

 e
qu

at
io

n 
fo

r t
he

 fo
rm

at
io

n 
of

 p
ro

du
ct

 Q
 

(3
) 

10
.1

.2
 

FO
R

M
U

LA
 o

f f
er

til
is

er
 X

 
(1

) 

10
.1

.3
 

N
AM

E 
of

 p
ro

ce
ss

 A
 

(1
) 

10
.1

.4
 

N
AM

E 
of

 fe
rti

lis
er

 Z
 

(1
) 

10
.2

 
A 

10
 k

g 
ba

g 
of

 N
PK

 fe
rti

lis
er

 is
 la

be
lle

d 
6 

: 1
 : 

5 
(2

2)
. 

10
.2

.1
 

W
ha

t i
s 

th
e 

m
ea

ni
ng

 o
f N

PK
? 

(1
) 

10
.2

.2
 

W
ha

t i
s 

th
e 

m
ea

ni
ng

 o
f (

22
) o

n 
th

e 
la

be
l?

 
(1

) 

10
.2

.3
 

C
al

cu
la

te
 th

e 
m

as
s 

of
 p

ot
as

si
um

 in
 th

e 
ba

g.
 

(4
) 

[1
2]
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O
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N
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2 
 

3 
D

BE
/N

ov
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be
r 2
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7 

N
S

C
  

C
op

yr
ig

ht
 re

se
rv

ed
 

Pl
ea

se
 tu

rn
 o

ve
r 

Q
U

ES
TI

O
N

 1
:  

M
U

LT
IP

LE
-C

H
O
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at
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 o
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e 

TW
O

 re
ac

tio
n 

co
nd

iti
on

s 
fo

r t
hi

s 
re

ac
tio

n.
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R
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w
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 o
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 d
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 f
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 c
on

du
ct

 t
w

o 
ex

pe
rim

en
ts

. 
Th

e 
re

ac
tio

n 
co

nd
iti

on
s 

us
ed

 a
re

 s
um

m
ar

is
ed

 in
 t

he
 

ta
bl

e 
be

lo
w
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C
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0
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 p
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 c
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 r
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ra
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ro
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 m
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 c
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 d
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 r
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R
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at
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 r
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in

 e
xp

er
im

en
t 

II
I?

 C
ho

os
e 

fro
m

 
M

O
R

E
 T

H
A

N
, L

E
SS

 T
H

A
N

 o
r E

Q
U

A
L 

TO
. 

(1
) 

5.
6 

Th
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ra
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eo
ry

. 
(3

) 
[1

7]
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 c
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 C
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 d
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 c
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pr
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e 

fo
llo

w
in

g 
C

O
R

R
E

C
TL

Y 
de

sc
rib

es
 t

he
 K

c 
va

lu
e 

w
he

n 
eq

ui
lib

riu
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= 
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 b
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re
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 o
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. 

 
(1

)

7.
1.

3 
Id

en
tif

y 
O

N
E

 s
ub

st
an

ce
 i

n 
th

is
 r

ea
ct

io
n 

th
at

 c
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 d
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 f
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