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Area of studv I - Motion in one and two dimensions

Questions I to 4 relate to the following information.

Rapunzel throws a notc to her lover wrapped

around a rock weighing 2.0 kg. from the top of

her tower where her evil guardian has her

imprisoncd. The rock leaves her hand with a

hor izontal  veloci ty of  5.0 .  r  ' .  Sh" releases the

rock at a height of 5l metres above the ground.

(Air resistance can be ignored)

Question I

How long does it take lbr the rock to rcach the ground'i

Unit 3 Phvsics Trial Examination

s

Question 2

What is the speed of the rock asit impacts the ground?

f2 narksl

m s' l

5 . 0 m s '

13 marksl
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Question 3

At what angle to the horizontal does the rock hit the ground?

l2 marksl

Question 4

If Rapunzel had dropped thc rock fiom her tower at a height of 5l m and not thrown it. when
the rock is 10.2 rn lronr the ground what is the ratio o1'the rock's potential energy to its
kinct ic cncrgy' i f  air resistance is neglccted?

I :,+ C. .+: I

[2 marks ]

Questions 5 to 7 relate to the following information.

Thc cliagram givcn bclow shows a collision about to happen. The speed limit on this section

of suburban strecl is 50 km h I. Thc vehiclcs erlsh heatl-on and stop locked together in

lpprorinrately 0.20 seconds. Thc police know that the van has a rnass 9f 2200 kg. From the

\ ln ' \  tachvmeter (a black box that rccords the vehicles specd) the pol ice know that the van
\\ l is  t rarcl l ing with a specd of l -5 r ls lat  thc instant of  the col l is ion. The car has a rnass of  910

l '  i l . I r r r t t t '  
15  m s

5: lFt.D.l :2B.l :5,.\,.

Fred's Pies

Car Van
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Question 5

What u,as the mi lgni tude of the van's momcntum just pr ior to the col l is ion l

kg m s ' r

l2  marks l

Question 6

Was thc car exceeding the spced l imit ' l  Show rcasoning to prove your answer.

(Assume the truck and caf tbrm a closcd system.)

f4 marksl

Question 7

Fortunately nobody wirs in.jured in the collision. From thc information given what was the

magnitude ol the avcrage fbrce applied to the driver of the van (nrass of driver = 60 kS)

clur ing the col l is ion l

N

[3 marks I
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Questions 8 & 9 relate to the firlkrwins infbrmation.

A car is t ravel l ins at  constant specd around a

r ight hrncl  bend. Thc dr i t  er fccls as i l  he is

lirrced oulruards as the car tralcls around the

bend. Thc bcnd in the road is a sect ion of  a

circ le of  radius 120 trctres.

Quest ion 8

I i rplain u hr thc dl i r  er experiences an 'outwards l i r rce as the car t ravels around the bend.

[ 2 rnarks ]
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Question 9

This 'outwards tbrce

What is the constant

Uni t  3  Phys ics  Tr ia l  Examinat ion

'  is  tound to be the equivalent o1 0.30 of the dr iver 's weight l i r rce.

speed of the car'.'

Question l0

An aircraft is tlying iit an airspeed of 600 knr/h

at constant al t i tude. There is a wind blowing in

l northcrly dircction at.10 knr/lr.

Along what bear ins must the pi lot  stcer to maintain a hcat l ing

ol  due East l  (Shou'  your- workinc and include a vector diagranr.)

m s- l

[ 3  n  ra rk  s l

1.1 rrark s I
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An archcr is firing arrows of mass

100 g using a simplc homenrade bow.

This bow has a draw fbrce versus

draw extension graph as shown on the

ngnr.

l lnit f Phvsics Trial Exanination

Questions ll & 12 relate to the following information.

Bow Stiffness

z

t!

o

1 6 0

140

120

100

80

60

40

20

0
0 .1 o.2 0 .3  0 .4  0 .5  0 .6

Draw (m)

0 /  0 B

Question I I

What is the 'st i f lness' value of this homentade bow l

N m-l

[2 marks]

Question 12

Show that if the archer draws the bow back to an extcnsion of 60 cm thc maximum kinetic
energy that can be given to thc arrow on release is 36 J.

0 .9

[2 narks ]
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Questions l3 to l6 relate to the following information.

Mass of Mars M,, ,  = 6.37 x l0rr  kg

Radius of  Mars rm = 3. ' {3 x 10" m

Mass of Mars sprce craf i  and Endeavour = 650 kg

Mass ol  Enclcavour = 150 kg

Thc scient ists at  NASA have proposed a new nr ission to Mars. Thcy intend to sencl  a

spacecral t  to Mars ancl  then deploy a surtace explorer cal led Endeavour.  Endeavour u i l l  be

sent to the surlhcc whilc thc spacecrati stays in a stable orbit to act us u cornrnunications relay

satel l i te at  a distance ol ' two Mars radi i  (2 x r , , , )  above the surfacc ol '  Mars

A glaph of thc gravitational field sttength ol Mars is given below.

gravitational field strength vs altitude

100 2W 300 400 500 600 700 800

Atitude above the surface of Mars (km)
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Question 13

lf the gravitational lield strength at the surface of Mars is gn, then the gravitational tielil

s t rength act ing on thc cotr r r r run icat iOn s sate l l i te  is  best  g iven as:

9,,,

[2 marks j

Question l4

As thc l-lndcavour is sent to thc surface it passes through an altitude of 700 km (Point A) to an

al t i tudc of  l (X) krn (Point  B) where some braking rockcts are ernployed.

LJsc the gravitational freld strength graph of Mars to deterrrrine the increase in kinetic energy

of thc EndcavoLrr as i t  passes from point  A to point  l i .

A 9 , , ,
1

B -e,,,
'+

D C,,,c 9,,,
3

Path of Endeavour

A l t i t udcA=7 (X )k rn

Alt i tudc lJ = l (X) km

J

[ 3  r n a r k  s  ]
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Question l5

What is the $ eight of  thc Enclcavour on the sur lace of N4afs . '

l l  r l l l k  s  l

Question l6

What is thc t inrc takcn I irr  thc spacecrlt i  to orbit  Mars u hen in i t  is in posit ion to act a\ a

fc l lv  s l tc l l i tc  l

|  3 nralks I

l 0

N

s
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Area of study 2 - Electronics and photonics

Question I

For the l i r l louing circui t  p lot  the- potent ial  d i t t l rence (V) as a funct ion of  posi l ion from the
point  X. around the given circui t .

+ l l  V

+ 9 V

l 0 O  + 6 V

+ i V

| .j nralks l

Question 2

Fol  thc l i r lk r*  in : l  c i rcu i t  p lo t  thc.  potent i l r l

p , r i n t  \ -  ; r r i ' r r l r l  r l t e  t i r . . r r  , .  i r . . L r i t .

l 0 o

+ l l  V

+() \'

dit lerence (V) as a funct ion of  posi t ion l l -orn the

l 0  ( )

.  . , ' . 1 l

t 0o

l0  o

t 0 o

[ - l  n r r r r l .  I
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Question 3

A l ight Dependent resistor has thc fbl lowing rcsistance versus i l luni ination characterist ic
grapn.

The l-DR is placed in thc fol lowing circui t .

6,0 V DC

What is the output lo l tagc ol ' the circui t  i l ' the LDR is i l luminated by l ight wi th an

intensity of ,{0 Lux'l

l 2

att
c
E
o

0)()
c
(g

.2
oc,

V

f2 rnarksl
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Questions 4 to ll relate to the firllowing information.

The operat ional  character ist ic of  a vol tage arnpl i l ' ier  is given bclow.

V.', (V)

\ ,

6

5

4

3

2

'1

-0 .4  -o .2

Unit 3 Physics Trial Lxirmination

0.8 vr" (mv)

Question 4

What is the voltage rain of this antpl i f icr ' /

J2 rnarksl

Question 5

This ampli f ier is dcscribecl as an ' invcrt ing arnpl i l - ier ' .  Explain what the term invert ing
means in this contcxt.

[2 rnarks]
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Question 6

The l i r l lou' ing input s ignal  (V,, , )  is t 'ed into this arnpl i f ier .

Input

Vi"  (mV)

0.6

0.'+

0.2

0.0

-0.2

On the axes bclorv sketch the l ikely 'output vol tagc (V,, , , r

I -abel  the V,, , , ,  ar is accordinglv.

Output

v-' (V)

l '+ Llnit 3 Physics lrial Exarninirt ioo

)  t i r r  the rrhor e i r tput s ignl l .

[ ]  malks I
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Question 7

The input and output signals lre both sinusoidal AC voltagcs and as a result both have

Irequencies. What is the valuc of  the lo l lowing rat io?

frequency of Y,,
frequency of Y,",

[2 marks I

Question t3

The anrpl i f ier is to bc biased to zero rni l l ivolts. Explain what thc tcrm 'bias' means in this
contcxt and what voltagc should be appJied to the input voltagc to 'zcro' bias this ampli f  icr ' /

l-5

mv

[3 marks I
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Questions 9 & l0 relate to the following information.

A transistor ampl i f ier  is rnade l iom a si l icon nprr Bipolar Junct ion' f ransistor as shown in the
tbl lowing circui t .  The current Erain of  th is ampl i f ier  is 150. Take the valuc of  Vss = 1).70 y.

6.0 v

Question 9

What is the value of the base current Is'l Give your answer in UA.

pA

[2 narks I

Question 10

What is the output DC voltage at the collector'l

V

[3 marks I

l 6
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Qucstion 3

Thc stress-strain graphs for thrce nratcrials (glass. rubber ancl steel) are shown below.

Complctc thc firllowing tablc by indicating which graph corresponds to which material.

l\Iaterial Rubber

l-1 Unit -l Phvsics Trial Examination

[3 marks ]

Stecl Glass

Graph
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Questions rl to 6 relate to the following information.

A typical  stress-strain -graph is given belou'

Qucstion 4

Ciornplcte the lb l lowing table bv indicat ing which point  (A. B or C) or re-sion (D or E) on the

graph corresponds to each of the labels in the tablc bclotv.

I)escription

2-5

Plast ic  region Mar inrum
stress

Point or
Region

(A-E)

Question 5

This rnatcrial is considered to be ductilc. Explain what fi'aturcs of thc graph indicate this tact.

Elast ic
region

D u c t i l e
fa i lure

[.5 marks]

Quest ion 6

[2 marks I
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I lxp la in r .vhat  happens to a. luct i le  ancl  a  br i t t lc  n later ia l  $hen p laced under  tension.

I)uctile

llrittle

Q u e s t i o n s 7 t o 9 r e l n t e

\  l t c r r r r  . r r . t  i l ' r r  l i r : l r t  l i t t i r r ;  i s
suspcndcd bv two copper  c lh les A arrd
B.  us shol r 'n  in  thc c l iagrant  on thc r isht .

' l 'hc-  
YoLrng 's  ntodulus f i r r

copper :

Y < ,  =  l . l 5 x  l 0 r r N r n r .
'l 

hr-'coppe r r'r i lcs hnvc a dillnrr'tL-r

o l  -1 . (X)  nrnr .

Qrrestion 7

LJse thc in l i r rnrat ion rn the diagfam to calculr tc

to thc followins infbrmation.

thc nrass ol  thc l ight f i t t ing.

{-1 r lurks l

kg

Qucstion 8

l l  n r ; r rk '  I



i 1 )  STAV Pub l ish ing  l , l !  L rd  1005

Calcu la te  thc  s t ress  in  cab le  A .

L l n i t  I  P h r  r r e s  I  f t . r l  E \ l m i n i r l r . n

N m-2

l l  r ru rk  s l

)1

Qucst ion 9

\ \  h.r t  r '  thc chlnse in le ngth of  cahle A i l  i ts or ig inal  length was J . (X) r l , )

m

[ . ]  r n l l k r  I


