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Phvsics Unit 3 2005 Solutions

Area of studv I - Motion in one and two dimensions

Answer Solution

Phys ics  Ur t i t  3  So lu t ions

3.2 s Vertically:

u=0

a  =  9 . 8

s=51

J2ms Vertically:

u=0

a = 9. t l

s  =  5 l

-1.3 x l0r kg m s-l P = mt' = 22(X) x

s=u t+ / za t l

5 l=0+7zx9 .8x t l

5  i  = .1 ,9  t r

t  =  r (51  -  . 1 .9 )

t  =  3 .226

r '  = 999.6

\,  = i (999.6) = 11 .62

The speed is lirund vectorialll'

L ls ing Pvthagoras.

speed: = . l  I  .62r + 5l

spccd = r  102.1.6

. ' .  Kinct ic cnerqy = l  l  n1o l0.2 nrg = .10.8

GPE l0. l  i r r r , ,  I

KE .10.ll rrr.q .1

speed = 32.009

I  I  l r r
1 1 1 1 B  -  i

-5

At Top GPE = msh =

At I 0.2 m liom bottonl

r rg  x  5 l=  -5  l n r ,u

GPt  =  10 .2  mg
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In orcler fbr the two vehicles to corne to a dead stop at icr  thc col l is ion they nrust have
equal and opposi te momentunl  befbre the col l is ion.

. l l { x X ) = L ) l { )  i , , . , r  ) r r , . . , . =3 j (XX) :910

1f , , ,  =  -16.16 nr  s  I  but  -50 krn/h = 13.89 m s I

Yes the car  rvas SPEEDIN()  i .e .  exceeding the spccd l i rn i t l

4.5 x l0r N Van:

u  =  15

r '=0

t = 0.20

\ ' - u + a t

0 =  15  +  a  x  0 .2

a  x  0 .2  =  15

a= 15-0 .2=-7 -5 rns :

F -ma=50x  75=  .15(X)

Magnitude only. so F ='15(X) N

OR

pr  =60x  15=900

P j  = l i

Ap=-qOO=F, , , x t

.'. F,,, = -9(X) - 0.2 = 4500

M:rgni tude t l l r l ) .  \ ( )  F -  -+5(X)  N

The dr ivcr 's incr l ia kccps hinr nroving in a straight l ine. As thc car turns to thc r ight thc
dr iver wi l l  lcel  he is moving outwards relat ive to the car.  His feel ing o1'a lbrce pushing
hirn 'out' is in tact his reaction force to the tirrce lrom the car nushins hirl around the
c u rve.

f  =0 .10 ;1x !  =  l t
r

l r  -  0 .30x  i , s  =  0 .30 r  |  20x9 . l J  -  352 .8

r ' -  J352s -  1u.78

S 87"E or 93" T vn"= (r00 knr/h unknou,n directron

r'"" = ,10 km/h North

vnu = unknown speed East

40

600
d -s i n .8 "

6(X)
l t )  \

ffx),

. .  bearing = 90 + 3.8

I = the llradient of thc graph

ri.st 120

rue or South []6.2 ' '  East

200Nm

rLln 0.6
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36Jt2

Phys ics  L ln i t  J  S0 lu t iu rs

EPE ) KE

EPF. = lzkxr = % x 200 x 0.6r = 36 J

.Cm l
( / r / l i l \  (  ,  -  , O - .  

:
l  

-  
l  ( l L l l  l l  \  

-

An altitudc of 2 x r,,, is a rirclius of 3 x r,,,

The gravitatronal field rvill therelbre be reducecl by a tnctor of

This is 'q/ i r  
.  answer D.

9

The increase in KE = tlccrcasc in GPE.

T'he change in CPE per k-u is given h1' the area uncler the fielcl
vs al t i tudc graph.

Area = -15 squarcs x 100000 x 0.-5 = 1.7-5 x l ( l 'J  kg I

Change in KE is then = L7-5 x I0( 'J kg x |  50 kg

A KE, = 2.695 x l0s J

l 4

t5

l 6

Re;rr l  l - r r t r r r  thc gr ' : rph lh i r t  i l l  lh( '

W = n i g =  l - 5 0 x - 1 . 6 = 5 4 0

sur lace o l  Mars gnr  = -1.6 N kg

A l  2 r , , ,  J h ' r \ e  t h e  ' t t r f l r r ' c  o l  M l l s  S  -
3.6=0 . ' lNkg '

1'

't'

3.19 x l0{ s
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Area ofstudy 2 - Electronics and photonics

Ph l  s i es  t  l n i t  I  S , , l u t i , n r s

+ l l  V

The two 20 O resistors in paral le l  are equivalent to a single l0 ! )  rcsistor.  . ' .  the
potent ial  d i f lerence wi l l  be 6 V across the singlc l0 Q rcsistor and 6 V across the
paral le l  cor lbinat ion.

The switch is open. so no current f lows in the circui t  so thcre is no potent ial  d i l lerence
across thc lesis lors.  The wholc l2 V drops across the switch.

:;l::l f x
2{) o
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3.2 V

10000

or

l0{

'10 lux ) R =.1(X) O liorn the graph

rr.,,,, =f +"" I.r,-r.:
t +00 + -r-s0,

the gain of thc arrplillcr.

gui , ,= i  .= loooo
0 .6x10  r

'fhe rrasnitudc of thc slopc of the arnplifier characteristic eivcs

Invert ing means that a snial l  posi t ivc change in the input vol tage resul ts in a larse
negat ivc change in  thc output  vo l tagc.

Conversclv a smal l  negat ive chi ingc in thc input vol tagc rcsul ts in a largc posi t i r  e change
ln the output vol tage.
' l 'h is 

is indicated by the negat ivc gradicnt of  thc ampl i f ier  character ist ic.

v.,, (v)

{1.3 mV

1
6

I

2
I

0.0

Arrpl i f icnt ion shoult l  NO l  change the f iequencv ol ' the input
slgna l .

lJ ias is thc vol tagc value at  thc centro of  thc l inenr sect ion of  the
eharr l  le l i r t ic gr lph -  0. .1 rnV.

To zero bias this arnpl i f ier .  0.3 mV needs to be taken ol ' l ' the
input s ignal .
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24 1tA Across Rr: Vr, = Ir, x Rr,

(6.0 0.7 ) = lr, v. 220 x

16  =  -5 .3  +  (220  x  l 0 r )

I r .  = 2. .109 r  l0 5

Ir, = 2.1.09 UA

l 0 l

I .  = l-50 x tr,

l .  -  l -50 x 2..109 x l0 5

l .=3 .61  x l0 'A

Across R.: V. = l .  x R.

V .=3 .61x  l0 rx  l . l x  I0 r

V. ='1.1'1

. ' .V , ,u r=6  -1 .3 .1  =  1 .66

Phys ics  I  in i t  ]  So lu t ions

rvat ions on Elrr th would
ight u s ing relat ivel l 'short
ng clocks not avai lablc in

posi t ion a l ier  6  nronths is
J0'/ rr). Thc tinre tliflerence

the speed o l '  l ight  so no
ntes l i r r  the tu o

I

Detailed study I - Einsteinrs special relativity

s

= - 1 5 r n s

The speed ol 'J ight is so l 'ast  that at tempting to takc visual  obsen
give a vir tual ly instantaneous resul t . ' I 'o measure the speed ol  l ig
terrestrial tlistances requires cxtrcmcly accuratc and last rotctin!
( i a l i l eo ' s  t ime .
T

2.3 x 108 m s-l The dil'l 'erence betu,een the Earth's pos
thc diametcr of the orbit (2 x l-50 x l 0'/
i s2 l x60s .

)  Lx  l5o  x  lo" )  ) 7 t  -  t r t '
I  22x f f )
i
j

I  i  T h c  s p c c c l  , r i  t h c  h r r l l  i s  r t t r r c h  l c r r  t h r n
I  t r r t t c  d i l u t i . n  u  i l l  h c , , h . c l r l h l c .  I  h c  t i
i obscrvcrs u'il l bc thc sarne.

2

-l

4 l/7 i Ster,c sccs thc spccd of thc ball as 5 rl

or I  Sophie sees the bal l 's  speed as 5 + 30

l :7  -5  I
r i l l l (  |  =, J5  1

9.6 vei r rs  , /  -1 . .1  r  -1 . . t-  
I  Y . l ( )  \ ' (  r / /  r

r '  0 .9
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4,2 vears

=r [  o^qtx9.o
- 0..136 r 9,6 - :1. I lt

.  1 / - ' )  
- ) 0

1.9 light y'ears

t t  ) ) Q

l =1"
v

4o
'20

='i'T=
ln spccial  rc lat i l i ty.  t ime is relat ive and thc nlrx in)urn possiblc veloci ty is absolute.  t l rc
speed ol ' l ig l r t  c.  This is basical ly thc opposi te of  the classical  physics rrodcl .

Light rvas thought t) be a wave. All u'aves so lar ttbsen'ed nceded a nlealiur'11 to trit\ el

through.  For  l ight  th is  hypothct ica l  r rcd iunr  was c l l l led thc aether .

The consequcncc t l l ' the M-M experirnent was that there was no cxperiniental  er ic lence
t i r r  thc cx is tence o l ' the hypothesized acthcr  p lac ing the wave theory o l ' l ight  in  t lucst ion.

Many sc ient is ts  at  thc t ime cont inued to search f i r r  ev idence of  the aethcr  or  to  l ' ind lnu l t

wi th  thc M-M exper iment .

1.5  x  lo ' ro  J 1; - y u,, , , .)

, .1
t : -  

f  )  
t o (

. '/ ' 
' 

-,
!  r ' -

t . .
F -  t 6 7 5 ^ l { )  - '
"  , -  .  ' ' '

! l -0 .1 '

E=  l .5 l -5x10  l0

'nl'-i

l 0

r (:.0, r o* )'
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Detailed study 2 - Investigating materials and their use in structures

OR

Duct i le mater ials wi l l  beconre plust ic unt ler large loads.

Brittle

l -his nratcr ia l  u i l l  strctch a smal l  amount then f iacture with no cluct i le rcgion.

OR

[]r i t t le rnater ials have no yield point  and lai l  under load at their  ul t i rnatc tcnsi lc strength.

29.5 kg
.1.50

lv - '1-50 x sin ,10' - 2u9 N
w rilq

, ,  q R

I (l Both condit ions are nccessary lbr stabi l i ty.

2

-t

A A member under tcnsion could bc rcplaced with a ropc. ' l  he
horizontal  rnenbcr scems to be the only one thrt  would rernaln
in tension i f  replaced with a rope.

lVlaterial Rubbcr Steel Class

( iraph C A B

Glass is br i t t le )  B Steel  is ductr le )  A Rubbcr is nci thcr )  C

.l Description E last  ic
rc-e ion

Duct i lc
fail u re

Plast ic
regr on

M ax ir.r.r u nr
strc ss

Elast ic l imit

Point or D C
Region

E B -,\

5  f l r e  l r r r ; c  p l l r r t i e  r e ! ) i o r )  ' , n  l h e  u r r r p h  i n r l i t r r t , .

Duct i le

I t  u i l l  st lctch a smal l  anrount unt i l  thc clast ic
increase rapidly with the appl icat ion ol  l i t t le

s that  the rnaler i l l  is  duct i le .

l i rn i t  is reached, then the stretching wi l l
lurther stress until the rnatcrial tails.

6 . - 17x l07Nm'2 /  , .  \
= J.5tt = 

'"' - -150 ,
L I
\  - , /

. r ( rx to ' ) '=6.366x10
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5.09 x 10-a m

l0 Phvs ics  [Jn i t  3  So lu l io rs

oL
Y

or-= rr :o! !9 x,1 (x) -s.oexl0
l . 25x l0 '

Detailed studv 3 - Further electronics

Sil icon diocles typical ly have a switch-on vol tage ol  {) .6-0.7 V
whi le gennaniurn diodcs requirc 0.3 V to switch on.

The output wi l l  bc
cliode only allorvs
through it.

hal l -wave
thc current

RC=33x l0 rx100x l0  6

t ln lc  (ms)

2  ( )

The diocle ui l l  usc 0.6 0.7 V which t lccrcascs the peak vol tagc to L3 I . - l  vol ts.  The
capaci tor wi l l  srnrxrth the hal l 'wave rect i l ied vol tagc to a vi l tual l l '  l lat  l rne due to the
long t i r le constant (3.3 s) conrparcd to the per iod of  the input s ignal  (0.01 s).

. ' .The output s ignal  wi l l  appcar as a l lat  l ine at  -  1.3 1. .1 V ui th v ir tual l l  NO l ipple
vol tagc.

L0

1 . 4

rcct i l ied. This is because the
llowing to the rilrht to pass
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t 60 turns 21() l2(X)
V ' t  N r  1 2

l 2 (x )^ l l
t!/) = _ - 60- 210

D t o d c  B r r t l g c  r ' J u i r :  t u l l  * , , , a , " . u 1 , . , U t t r u  a " * , . t  C

Br placing a largc captci tor in paral lc l  across t l te resis lor.

Situation

Char'-r:ing the capac itor

Dischurg ine thc capaci tor

]

Thc capaci tor is l i r l lv  charged at ier -  -5 t inrc col tstut) ts.

. ' .  5r  = 5 s
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Voltage (V)

Dischirrge resistor = 250 k() compared to 50 kQ lbr charging.

. ' . Tatsch,rrge = 5 x T.1,, 'u" = -5 x I = 5 s

.'. fully dischargcd after 25 s

Voltage (V)

50

40

35

30

25

20

1 5

1 0

5

0

Phr  r i c s  I  l n i t  I  So lu t i , r ns

50

40

35

30

20

1 5

1 0

5

0


