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Section B

2l.a.i.

a.iii.

Vhorizontal=Vresultant X COS 0
V=35xcos40°
Vhor = 26.81 (m/s)

Vvertical=Vresultant X Si no
Vyer=35xs1n40°
Vyer = 22.5(m/s)

Maximum height reached when the vertical component

of velocity (Vyer) is Om/s.

The vertical component of velocity calculated in part a.ii.

is the initial velocity (u) for the purpose of this calculation.

Vvyer = O(m/s)
Uyer = 22.5(m/s)
a = -9.8(m/s/s)

t =2

v = u + at

t = (v-u)/a

t = (0-22.5)/-9.8
t = 2.29(s)

Horizontal distance is calculated by multiplying the
total time of flight by the horizontal velocity, which
is constant throughout the flight.

Total time = [(2x2.29) + 0.48]s
Ltotal = 5-06(5)
Vhor=26.81 (m/s)

d = Vhor X trotal
d = 26.81(m/s)x5.06(s)
d = 135.66(m)



22.a. APs = mg (vs—us)
APs = 38(4.6-2.2)
APs = 91.2 (kgm/s)

b. Faygte = AP
te = AP/Faug
te = 91.2/130
te = 0.7(s)

C. APR = —APS
APr = -91.2 (kgm/s)

APR = MR (VR_uR)
-91.2 = 54 (vg=2.2)
vr = 0.51 (m/s)

d. If kinetic energy is conserved the interaction is elastic.

Ekpefore = 1/2MgUr? + 1/2MsUs?
Ekpefore = 0.5x54x2.22 + 0.5x38X2.22
EKbefore = 222.64 (J)

Ekafter = l/ZMRVRz + 1/2M5V52
Ekafter = 0.5x54x0.512 + 0.5x38x4.62
Ekafter = 409 (J)

The gain in kinetic energy indicates that the collision is NOT
ELASTIC.
The interaction is more like an explosion.

23.a.1i.

Pressure

Depth

a.ii. Pliquid = pgh
Piliquia = 1000x9.8x0.25
Piiquia = 2450 (Pa)

a.iii.As the depth increases the total pressure acting on the air inside
the tubing increases. Liquid enters the tube,compressing the air,
until
the total pressure acting on the air inside the tube is equal to

the
pressure of the air inside the tube.



The pressure resulting from tank and water can
be calculated using:

P = F/A where F is the weight of the tank and water.

F' = Wtotal = Mtota1g

Weotal = (2.7x103+300)9.8
Wiotal = 3000x9.8

Wtotal = 29400(1\])

A = 2.0x1.5 = 3.0m?

P = 29400/3
P = 9800 (Pa)

Atmospheric pressure is pushing down on the tank. This means that
the total pressure acting on the surface that the tank is resting
on is the sum of the atmospheric pressure and the pressure

resulting

24.

I

from the weight of the tank.

Patrn

L]

Patm + Ptanl-: + Wister

L

Ptotal = Pranktwater + Patmospheric
Piota1 = 9800 + 1.01x10°
Piota1 = 1. 108x1053 (Pa)

P, = 1.56x10%Pa

T = (27+273)K = 300k
P, =72
T, = (77+273)K = 350k

P1/T1 = P3/T»
P, = PiT2/Ty

P, = 1.56x10°x350/300
P, = 1.82x105Pa
.P =1 2Relement

I = V/Rtotal

I =30/(0.5+1.5) = 30/2

I = 15A
P = 152x0.5
P = 112.5W

The output power of the element would be less.
This is because the current in the circuit would be
less because of the increase of the total series



25.a.1.

Lii.

Lii.

b.iii.

26

Liv.

b.

.a.

i.

resistance of the circuit.

Other explanations involving Vipg are also valid.

Y-gain = 5volts/div
f =1/T
= 2.5ms = 2.5x1073

T
f =1/2.5x10-3
f = 400Hz

. Veus = Vpeak/SQRT2

VRMS = 12/1.414
Veus = 8.49V

E = 1/2(CVp2)
E = 1/2(220x10°6x122)
E = 0.016J

The reading on the ammeter increases because the
current is directly proportional to the frequency.

The capacitor is constantly charging and discharging,

as the polarity of the supply voltage changes in this

ac circuit. The flow of charge during this process means
that the current in the circuit does not fall to zero.
In a dc circuit the capacitor charges and opposes the
flow of charge from the supply. When fully charged no
current flows in the circuit.

When the bridge is balanced:
Ri/R2 = R3/Ry

Where R, 55000
R2 = Ruomr
R; = 330000Q
Ry = 1500000

Rior = (RixRi) /Rs3
Ripr = (5500x150000) /330000)
RLDR = ZSOOQ

MOSFET (n-channel)

b.ii.Vy = Vx = 1.28V

V2 = VY = 1.50\]

Vouput = (Rfeedback/Rl) x (V2—=V1)
Vouput = (22.5/1.5)x(1.5-1.28)
Vouput = 15x0.22

Vouput = 3.3V

b.iii.When water reaches the maximum level the beam of

light is not totally internally reflected. This means
that the light intensity incident on the LDR decreases,
increasing its resistance and increasing Vx.

This decreases the output voltage from the differential



26.cC.

27.a.1.

b.ii.

28.a.1.

amplifier. When the output voltage falls below 2.0V
the MOSFET does not conduct and the current in the
solenoid falls to zero, closing the valve.

The incident angle at the glass water boundary is less
than the critical angle so there is no total internal
reflection.

The energy of the emitted photon is equal to the
energy difference between levels.The longest wavelength
radiation will have the lowest frequency and energy.

The smallest energy gap is beween E; and Ej3

i Ephoton = Es3-E>

Ephoton (-2.4x10719) - (=5.6x10719)
Ephoton = 3.2x10°1°0

Ephoton = hf

f = Ephoton/h

f = 3.2x1071°/6.63x10734
f = 4.83x104Hz

fair = fglass
fglass = 4.74x1014Hz

Vair = fairlair

Aair = Vair/fair

Aair = 3x108/4.74x10%4
Aair = 632.9nm

7Mglass = 7\aair/n
Aglass = 632.9/1.6
quass = 395.6nm

Maxima are produced when the path difference of the microwaves,
from each gap, to a point along AB is zero or a whole number of
wavelengths. This is because constructive interference occurs
at these points as the waves are in phase.

Minima are produced when the path difference of the microwaves,

from each gap, to a point along AB is A/2, 3A/2, 5A/2, TA/2 etc.
This is because destructive interference occurs at these points

as the waves are Il out of phase.



b.ii.

29.a.1.

a.ii.

3rd order m=x:F0O = &

. 2nd order max:PO =24
i croneanee

SZaurce

1=t order ma:: PO = &
:( o S — certral e PO = Ok

Metal plate
with beso
gaps

PD = (766 - 682)mm
PD 84mm

Third Max PD = 3A

3A = 84mm
A = 84/3
A = 28mm
Gain = _Rfeedback/Rinput
Gain = -10kQ/10kQ
Gain = -1
wWaltageh'
0.0s

timesms

Inpt
- 0.05
Citpt
Voutput/vinput = _Rfeedback/Rinput
Voutput = _Vinputx (Rfeedback/Rinput)
Voutput (peak) = -6x (3 . OX103/2 . OX103)
Voutput (Peak) = -9v

4He 1s 1s an alpha particle.

A = N/t



N = 7.2x10°disintegrations
t = 2 minutes = 120s
A = 7.2x105/120
A = 6000Bg = 6kBg
.1. Half value thickness(ti/2) = thickness of barrier required to

reduce the count rate by half.

60counts/s -> 30counts/s requires 3cm
30counts/s -> 15counts/s requires 3cm

ti2 = 3cm

.1i. The bar indicates the uncertainty in the average reading.
This results from the random nature of radioactive decay.

i Htotal = 6.4x10°°Sv
Alpha
Qa = 20
Ho = QQXD&
Hq = 2OD(1
Gamma
oy =1
Dy = 1.2x107°Gy
Hy = QXDy

Hy = 1x1.2x1073Sv
Hy = 1.2x10-5Sv

Hiota1 = Ha + Hy
6.4x107°Sv = Ho + 1.2x10°5Sv
Ho = 6.4x107°3v - 1.2x107°Sv
Ho = 5.2x1075Sv

H(x = QD&
Ho = 20Da
20Da = 5.2x1075Sv

Do, = 5.2}(10_5/20

Da = 2.6x10°5Gy = 2.6uGy



