PHYSICS

Unit 3 — Written examination 1

TSSM

Creating VCE Success

2012 Trial Examination

SOLUTIONS

SECTION A — Core
Motion in one and two dimensions

Question 1

Answer: 120 N

Explanation: Figure 1 shows that at t =5 sec, the cart is thagewith constant velocity, so by
Newton’s First Law, the forces acting on it mustdagéanced. If the driving force is 120 N, then the
drag forces must also total 120 N in the oppositecton.

Question 2

Answer: 0.1 N
Explanation: Use the gradient of the graph to accurately detexitihe acceleration
Av_-5_ _

Then apply Newton’s second law to the 150 g cirt ma=0.15x 0.83= 0. (Ignore negative as
only magnitude is required. The negative simplyaatks that the net force is in the opposite
direction to the velocity).

Question 3

Answer: 55 m

Explanation: Distance covered is equal to the area under tgghgr

d=5%8+0.5%x5x6=55m

Question 4

Answer: See diagram below.

Explanation: Note the compression in the coupling leads taeefacting on the truck down the
inclined plane.
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ground on truck

ground on truck

F

coupling on trucl

earth on truck
Question 5

Answer: 1.4 x 16 N
Explanation: Apply Newton’s second law to the 7000 kg truék= ma=7000x2=1.4x10"* N

Question 6

Answer: 8.3 x 1 N
Explanation: Vector addition o&ll forces acting on the truck:

I:net :1_4)(104 N :WSing+ F upling - I:friction - I:brake

col

F,rae = 7000x10xsin10 +4000- 7000x10x15%-1.4x10"

Foae = —8345N
ForakelS 8345 N acting up the slope.

Question 7

Answer: 150 N
Explanation: Forces in all directions should be balanced as Bottes are travelling at a constant

speed. ThusF, =100+50=150N

vanonBox A

Question 8

Answer: See diagram below.
Explanation: Forces in all directions should be balanced asBaxtravelling at a constant speed.
Thus, vectors should be shown with appropriate hagclengths

=100 N

I:ground onB ™

Box A ’ A

I:floor onB =

Fearth onB= 100 N

Question 9

Answer: 50 N to the left.
Explanation: According to Newton HFgox A on Box 8= - FBox B on Box A
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Question 10

Answer: 7.1 ms!
2mr  2n1x3.5

Explanation: Use: v = = =7.1ms*
T 31

Question 11

Answer: 359 N
mv> _ 25x 7.7

Explanation: Use: F = =359N

r

Question 12
Answer: 438 N
Explanation: Use pythagoras to find hypotenuse of triangle Witlfvertical) and R.(horizontal)

sides.T =/W?+F2 =438N

Question 13

Answer: B, C, D

Explanation: Increasing the speed of the ride would decreaspdtied, so A is incorrect. All other
options are correct. The net force would increaile the square of the speed, the angle and radius
would also increase.

Question 14

Answer: 2 x 10 m
Explanation: Use Newton’s law of Gravitation, remembering th& measured from the centre of
mass of each body:

11
_ Gl\/lzm _6.67x107"x 2.% 168x 7.2 ﬂ'): 2 06x 14N

r (RTritonius + Altltl"lde)2
0 Altitude=2x10Cm

F

Question 15

Answer: 100 mins
Explanation: Use Newton’s law of Gravitation, rearranged foef#és:

GM_R
4 T

3 2.6x10°) x 477
T= /R x 47T :\/ ( _11) ~ =5989sec
GM 6.67x10 " x2.9x10

Question 16

Bill is correct, as the occupants of the orbiteulddeel weightless (ie. Experience apparent
weightlessness) as the net force on all orbitintgenma would be constant towards the centre of
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Tritonus, as would be the weight force. Unlike winenEarth, there would be no reaction force from
the floor of the orbiter pushing on the occupamid #hey would appear to float around the cabin.

Question 17
Answer: 31 ms!

Explanation: Use kinematics equations to find the initial veatieelocity, given
Vvert = O at 1.8 sec after launch:

v=u+at

0=u-10x1.8

u=18ms™

Then, use trignometry to determine v at:36= 18 =31.4ms™
cos(55)

Question 18

Answer: R =46 m
Explanation: v, =Vvxcos(35)25.7ms™
X=V, Xt = 4626 m

Question 19

See graph below — total momentum is zero as ftestevely an isolated collision with no external
forces.

0.8 T
0.7
0.6 T
05 T

04 +

Momentum (Ns)

03 T

02 +

0.1 T

t t t + + +
05 10 15 20 25 3.0
Time (s)

Question 20

Answer: 0.52 J
Explanation: Isolated collision, spa = g after release.
_v,m, _0.35x1.3_ 2 3ms?
mg 0.2
KEg =0.5mv?
KE; =0.5x0.2x2.3 =0.51)

B

[ TSSM 2012 Page 4 of 13



2012 PHYSICS EXAM 1

SECTION A — Core
Electronics and photonics

Question 1
Answer: 3 A
. 6x6 V _9
Explanation: = =30, 1 =—=—=3A
p Rrora 6+6 oA T BT g

Question 2
Answer: See table

Parameter Effect
Current at A INCREASED

Current at C UNCHANGED

Current at D UNCHANGED

Adding another parallel element to the circuit wdtduce the overall resistance and thus increase th
total current (ie. At A). Because the voltage asrib® original resistors at C and D remains
unchanged (V same in parallel), the current at €@2memains constant.

Question 3

Answer: 6.75 W

Explanation: Note current through X is equal to total currembtigh pair of X2 resistors near C.

IX :!:gzl_SA

P =1 ’R=6.75WN
Question 4

Answer: PA=0.18 W, BR=0W
Explanation: LED B is in reverse bias, so | =0, P = 0. Caldatafor A is more complicated. The

current is shared by the 4Dresistor and LED A, with the voltage across th&4d@sistor fixed as
2.1V (parallel with LED).
Vigpa =2.1V

V,,=9-2.1=6.9V

=@=0.138A
0

I50

2.1
|, =£"=0.053A
40

| oo, =0.138-0.053= 0.0855A
P ep4=2.1x0.0855=0.18W
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Question 5

If the 50Q were replaced with a connection of minimal resisgai.ED A would likely burn out
This is because the voltage across the LED woudtngto increase to 9 V to match the sup
and, according to the standard characteristic ciamvan LED, lead to apike in current (and hea
that would be fatal for the LED.

Question 6

Answer: See diagram below.

Explanation: The modulated signal must retain the frequenchefcarrier curve and the amplitu
of the initial information signal. Nottarrier= 0.0008 s = “2 ldcks” on the grap

Time (ms)

f 1 t f 1 t

0 40 50 &80 100 120
Question 7
Answer: Gain = 125, inverting

. . o AV | B |
Explanation: Magnitude of the amplifietGain =|—2&| = —(=125
AV, | |40x107|

Question 8

Answer: See diagram.

Explanation: The output starts at 2 V, which corresponds i, = 40 mV. Initial increase in i, will
lead to clipping beyond y= 50 mV and will therefore clip ato,:= 1 V. In the other direction, ¢
amplitude of 20 mV will lie within the operationlithear range of the amplifier, peaking at 4.
(some tolerance allowed here).

Note that the ouut is sketched assuming a initially positivi, —which is subsequently invertt
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Vin(mv)
80
60
40 /\/—\/
20
5 10 15 20 25 30 35 4'0
Time(ms)
Question 9
Answer: Light: 60 pA Dark: 0 A
Explanation: The current through the photodiode is equal tactireent through the resistor:
=Y- 9705 _g,107A
R 140x10
Question 10

R must be reduced to achieve the desired effecis, ith the same light and same LDR resistance,
the voltage across the LDR will be higher than 1 V.
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SECTION B — Detailed Studies
Detailed Study 1 — Einstein’s Special Relativity

Question 1

Answer: B
Explanation:

E. :(y—l) m,c’

EK
m.c
ym, = 2.6x1.67x107% =4.34x107% kg

y= +1=2.6

2

Question 2

Answer: C
Explanation:

y= =14

E, =(y-1)mc?=3.28x10™]

Question 3

Answer: D
Explanation:

y=—1 -151

2
V
-5
c

|, =1y=4000%x1.51= 6047m
Question 4

Answer: D
Explanation:
AE, =Aymc®
—11
Ay= AEK2 _ 6x10 =04
MC 1.67x107" x(3x10)
y =11
¥, =1.1+0.4=1.5

Question 5

Answer: A
Explanation: Both messages travel at the speed of light, iregleof their source’s speed.
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Question 6

Answer: C

Explanation: Both messages travel at the speed of light, iregleof their source’s speed. As the
destination is 2.6 light years away as measurea Dgphodian observer, the signals would take 2.6
years to arrive.

Question 7

Answer: B
Explanation:

! =1.25

2

y:

<

Question 8

Answer:A
Explanation:

t:g:izz'_oS: 3_47years

Question 9

Answer: B

Explanation:

Length contracts in the direction of motion,lsts affected, but na
Question 10

Answer: C
Explanation: By standard definition

Question 11

Answer: C
Explanation: Rotation would lead to acceleration and a non-ialer¢ference frame.

Question 12
Answer: D

Explanation: The frequency of the light would not change, btgriference effects were intended to
demonstrate the existence of the aether.
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SECTION B — Detailed Studies

Detailed Study 2 — Materials and their use in struttires
Question 1

Answer: D
Explanation: Young’s modulus is equal to the gradient of thedinelastic section of the stress-strain
curve:

Question 2

Answer: B
Explanation: Ultimate tensile strength is equal to the maximrass recorded prior to fracture —
here 100 MPa

Question 3
Answer: B

Explanation:

F
g=—
A

d=, /4—A =0.063n=6.3cm
T

Question 4

Answer: B
Explanation: Read from graph, strain = 1.6 x10

AL =¢£L =1.6x10°%2.5=4x10°m
Question 5
Answer: D

Explanation: Strain energy is equal to area under the streasisturve multiplied by the volume of
the sample:

E:(o.5x 60x 16 x 1.& 1@){&4'042>< 2.}5: 191

Question 6

Answer: A
Explanation: Toughness can be measured as the area underes® Srain curve

(o.5x 60x10° ><1.6><10‘3) =4.8x10" Im™
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Question 7

Answer: D
Explanation: Extensive plastic deformation — which follows théial linear, elastic section of the
stress-strain curve, is evidence of ductile behavio

Question 8

Answer: D

Explanation: The reaction force at B needs to support the wafitite vertical member plus the
vertical component of the cable tension.

R; =15x10+200x% cos(43) 296N

Question 9

Answer: C

Explanation: Rod CD needs to provide a balancing force for émsibn in AC. So, it too will be in
tension (pulling the vertical member towards thyht).

Fop =200%<in(43) =136 N

Question 10

Answer: A
Explanation: At A, the bolt experiences a pair of forces oppositdirection, but offset slightly. This
is shear.

Question 11

Answer: A

Explanation: To determine the reaction force at A, we can takesum of all torques at a simply
supported point that is free to rotate, knowing thare must be rotational equilibrium.

275 =0

F,x7+2000x 16« 2= 4008 19 45 2080 40

F,=2285MN = 22.8N

Question 12

Answer: C

Explanation: It is important to recognise that FB is also diegctipwards (246 kN) and thus the

beam will deflect with tension at the base of tearn between A and B and tension across the top of
the beam between B and the free end.

The steel reinforcement provides additional stiengtthe beam in areas of tension.
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SECTION B — Detailed Studies
Detailed Study 3 — Further Electronics
Question 1

Answer: D
Explanation: V., :\/EXVRMS, plus the voltage is then stepped up by the toansdr.

Vi =(3%3/2) x3=12.
Question 2

Answer: A
Explanation: 7=RC =4000x100x100" ©=0.4s

Question 3

Answer: B

Explanation: Without the smoothing effect of the capacitor, di@de trims 0.7 V from the peak
voltage and also removes any negative voltage p€hed of the supply voltage remains at 20 ms.
Question 4

Answer: D

Explanation: With a time constant of 0.4 s, which is 20 times pleriod of the supply, one would
expect extensive smoothing, again with a peak of.12

Question 5

Answer: C

Explanation: A 4 kQ load will give a current of approximately 2 mA bdson the 9 V RMS stepped
up supply. This equates to ~ 20 mW, which will be same on both primary and secondary sides of
the transformer.

Question 6
Answer: C
Explanation: The resistor must ensure that a min of 1.7 mA (fgyaph) runs through the Zener

diode to ensure it operates at the 4 V avalanch#.po
_v_ 1

Question 7

Answer: D
Explanation: V,_, = 2x\2x2-1.4=4.24/
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Question 8

Answer: D
Explanation: To reduce the ripple voltage, the time constanttrbasncreased: increase C, R.

Question 9

Answer: C
Explanation: The short time constant of the circuit and low.¥means that the voltage will quickly
drop below the 4 V (absolute min) required by theer diode.

Question 10

Answer: B
Explanation: When the switch is moved to A, the voltage acrbssrésistor will initially be 24 V
and decrease as the voltage across the capaaditeages. With a time constant of

7=RC=10%x10°x200x10° = 2seg it will take 2 sec for the capacitor to charg&®af 24 V = 15
V. So R will be equal to 9 V after approx. 2 sec.

Question 11

Answer: C
Explanation: When the switch is moved to B, the voltage acrbeg¢sistor will initially be 24 V
and decrease as the voltage across the capaateases. With a time constant of

r=RC=5x10°x200x107° =1 seg it will take 5t for the capacitor to fully discharge. So R will be
return to O V after approx. 5 sec.

Question 12
Answer: A

Explanation: The discharging process of the capacitor beginslsgpghen more slowly towards the
end. Thus the resistor will experiene a rapid deseean voltage for the first 3 seconds.
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