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"'Equatmg vcrtlcal components m the vector dxagram 2T cos 85 2 800

TanO 05/69 852°

S0T= 482x 10N

A is true as shown by thls calculatlon of g at the top of Everest

o= GM _ 6.67 x 10! x 5.98 x 10™ =980ms'2
- R? (637x105+885x103) T

'Thls value is almost the same as that at sea level which is 9 83 for thc glven values

Force T acts at a greater distance from ground levcl and the chair’s centre of mass (¢ of m)
which will provide a large torque about the opposite corner and can cause it to topple: T =Fr.

A force at M will give a very small turning torque because the radlus from the plvot (far corner)

is small — too small to overcome the torque due to the (¢ of m) for rotation, but the force may be
large enough to overcome friction on the ground - in which case it will slide.
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13.
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15.

A 360° rotation would represent a turning time of 24 hours.

The angle turned in the picture from the star track is about 27° which gives an exposure time of

about  — 27
360 :

If a protractor is not available or it is difficult to estimate an angle then arc lengths and radii can

be measured from the photograph.( Largest radii will give most accurate resulis)

t=(lm..- X 24) _ (I8 x24)
27t 238

x 24 = 1.8 hours, approximately

=1.8 hours, approximately

a) Power input = power output (no ]osscs) so VI, =Vyl»
So if V changes, I must change also.

b) POUT =0.9x% P[N

S0=09x240x I[N
In=0231 A

A F=mg=125x10°x9.8=123%x 10° N

2 3 2 '
MV _ 123 x 10%- 1'25":;()) X20° _5.00x10° N
T

B: F=mg -

L will be longer because the photons emitted in fluorescence will have less energy than UV as
they are visible

E = hf so fwill be lower and A will be longer since Energy, E, is less. 4 : 2 l

Arca=n(1x 1072 =314%10°m* L=30x10%m

E= —E—/ ——-—-—AL .S'OAL=———-—FL
A L

EA
250 x 30 x 102

= 5 ——=4.74 x 10° m
(5.04 x 10°) x (3.14x10°)

AL

NB. The iron concentrates the magnetic
lines of force and the field will return
around the outside to the S-end of the
magnet.

"Too many field lines RH end"
"should match LH end"

The electrons will strike section A because the electric field will attract the electrons to the left
and the magnetic field will deflect the electrons upward (by the right-hand “slap’ rule).

Option (a) will be more likely to prevent him from hitting the barrier.
Reasons: To reduce the velocity of the car towards the barrier, a force is needed that acts
directly away from the barrier. In braking, the frictional force from the tyres is always acting
away from the barrier. However, when moving in a curve, the frictional (centripetal) force from
the tyres acts inwards, towards the centre of the circle, which, at the point shown, is towards
the left and not away from the barrier. The centripetal force only has a component acting away
from the barrier at one particular time (when the car moves parallel to the barrier) and so the
tyre friction would need to be greater in this case. In braking, the force is always opposing the
car’s forward direction and so must reduce the velocity of the car towards the barrier faster.

or Using Calculations



Lct r = distance of car from barrier
= initial velocity of car

= required deceleration so that car misses barrier.
Circular motmn

Straight Braking
F.=ma, towards centre : Fb = mab
. . since V2 = u’ + 2as
Fc=m£2. . e 0 u + 2apr
r ap = -.1.13
2r
Fpy= -mu’
| | 2t
Th’erefo‘re Fp=0.5F. ie. only half the force is needed for direct braking ‘
Sectlon B
(@A hlgh—pltched ultrasomc sound is one where the frequericy is high and above human
- hearing. ‘ :
(b)v A 346 =18, ooox . soA= 1.92x 102 m

- (c) As the mosquxtoes are on the celllng, assume all the sound 1s ermtted 1nto a hemlsphere of
© area 2m =2m3%=56. 54 m’

1= —13—=. 2x5. =0.177 Wm™2 |
A 56.54 o
L= 1010g (9-%7-) ~112dB
2 (@ 4500/60 75 Hzfrequency | 'r—OIOm

v——2:1:rf—2.7r x01x75—471ms

. - .. ’ 5 I..' _— . L . o
(b)) a= _V__-=-47'1_ = 2.22 x 10* ms™

(@ Frx=8x10°Nm=80x10"g=89x10"kg .

a= X o Bx10 _ £90%x 107 ms?

m 89 x 1077 - :
a, = _so v=-</ra =J0.1 x 8.99x 107 = 3000 ms™
e Y 3000

: , = 4.77 x 10° Hz
S2;r, 275w % 0.1 L S



3. (a) Forces:

(b)

(c) (0)

(i)

(iif)

4. (@O

(if)

(b)

(c)

* P

< 172 —--—>‘<— 0.8 —p< 2.0 P

A l |
Y P Y '
C 120x 9.8 N 62.5x 9.8 N

Taking torques about P: YACT=ZXCT
(0.8 x120x9.8) +(2.8x62.5x9.8)=1.2C

C=221x10*N
Equating vertical forces: P =2.21 x 10* + (120 x 9.8) +(62.5x 9.8)
P=400x10'N

Tension

Compression

Standing: The force on the board = diver’s weight which will cause the board to bend
elastically so as to provide an equal force upwards, according to Hooke’s Law.
Bouncing: When the diver lands his kinetic energy is absorbed by the board as it
bends and is stored as elastic potential energy.

The board’s breaking stress must be high so it doesn’t break under large forces
The Young Modulus of the board must not be too high or too small so that it is not
too rigid or does not bend downwards too far in a dive.

Important variables: Width, length or area of coil
' : Current in coil

Field strength of the magnet

Number of turns on the coil

Only current can be varied easily and quickly.

Graph B is correct for the coils starting in the position shown (C does not represent a
complete revolution.)

Power output = 0,68 x 200x 10° =136 x 10° W

p= KE _mv® o 2 _ 2x1.36x 10" x 4

t 2t 4.4 x 10°




(d) (i)  With ordinary brakes, KE is converted to heat, which is dissipated into the
atmosphere. In a regenerative system the KE from the wheels is used to turn the
motor, which acts as a generator, to produce electrical energy which is stored in the
battery for later use by the electric motor in moving the bus.

(ii) At low speeds only a small braking force would be available, which is no good in an
emergency. Also, the degree of braking force can be better controlled with
conventional brakes and will still work if the electrical system fails.

(e ~ 60 kmh™ =16.7 ms” Estimate N = 100 turns and a square coil of side 0.35 m
diameter of bus wheels 1.0 m ie. radius0.5m
_ 27wy 20 x 0.5 _

= —_— 1= 0.129s8 .. T=53H=2
v 16.7

1/4 Turn Method (This is an average emf not a maximum)

Time for 1 revolution: T

A(BA) _ 100 x 2 x (0.35)7

1
| At A x0.19
Maximum emf Method {(when wires move perpendicular to magnetic field)

E =-N =52x 102V

Emex = 2ZNxBlv = 2NxBIx271rf = 2nBANT=8.2 x 102 V

These values are too high as back emf must be less than the applied voltage (even if batterjes
placed in series the applied voltage normally does not exceed 120V)

(2) (i) The radiation would need a large enough energy to ionize atoms — hence very short
wavelength.

(ii) Yes, X-rays do have sufficient energy, as they have a very short wavelength and high
energy.

(b) (i) 32eV=32x1.6x10"=512%x10"%]

_34 &
a=he . 6.63x107 x3x10 _388x10° m
E 5.12 % 10

(i) This wavelength applies to the ultraviolet region of the spectrum.

(c) (i) Atoms have fixed (quantized) energy levels which are the only allowed positions for
electrons. The energy absorbed from a photon must exactly match the difference
between energy levels for an electron to move from one level to another. Since
photon energy is quantized only photons of specific frequency will be absorbed.

(if) The excess energy appears as the KE of the ejected electron.

(iii) No, waves in the microwave region are not likely to cause cancers as their
wavelengths are too long and their energies are too small - much lower than that
required to cause ionization (e.g for f= 10° Hz, E=2x 10% eV).



6.

(c) (©)

Field into the page

Field out of the page

(il) An electromagnetic force acts on an electron in the field making it move in the arc of
a circle. The longer the electron stays in the field the preater its deflection, so the
outer electrons (top and bottom) will be deflected through a greater angle than those
near the centre because they pass through more area of the field during their motion.

(b) F=Bqv
~14
B = Foo_ 4.596);10 . =0.140 T
vq 2.05 x 10" x1.6x 10

(c) POAXXXAX The field needs to be into the page at the top and out of the
page at the bottom

. The field needs to be stronger at the top and bottom edges
s o e (larger deflection) decreasing to zero in the centre.

(d) Examples of applications:
Auroras — charged particles deflected in the Earth’s field
TVs — electrons are deflected onto the screen to make a picture

Mass specirometer — ions are deflected by the field to Jand in specific positions,
depending on their mass and charge.

(a) vy = 40sin60 = 34.64 ms™ v, = 40cos60 = 20 ms™
Vertically: v* = u? + 2as,
0 =34.64%> —19.6s
§s=61.2m
v=u+at so0=34.64-9.8t ' '
t=3.53 s to the top Total time of flight =3.53 x 2="7.06

Horizontally: s=ut=20%7.06=141m

(b) sp=150m vp =22 ms"
Horizontally:  t=s/v=150/22=6.825s

Vertically: s=ut+%at’ =0+ %x9.8x6.82°=228 m

Maximum height for different angles Range for different angles and water speeds
and water speeds )

200

150 +

100

50 &

Range (m)

o 20 40 80 g0 100 .
faunch angle above horizental (degrees; Launch angle above horizontal (degrees)




(ii) Best angle = 60° Best velocity = 30 ms™

Explanation - points to consider:

From the diagram, cstlmate that max height = 35 m, range = 80 m

A water speed of 20 ms’ 'will not reach 35 m so 30 or 40 ms™ must be used (top 2 lines on
graphs)

From left graph to obtain a 35 m height an angle of 60 — 65" must be used at 30 ms”
because 40 ms™ gives too great a helght

From right graph, 1f speed = 40 ms™ at 60° height is too large.
So optimum at 60° and 30 ms™

Section C P N
1. (a) () W = weight of rod
N = normal reaction
Fm = magnetic force on rod
W

(ii) As the rod moves faster down the plane the current induced in it becomes greater in a
direction which will oppose the motion (Lenz’s Law) Eventually F,, up the plane will

equal the weight component (resultant) force down the plane and the rod will
therefore will move at constant speed.

(b) Down the plane: F = mgsino: but Fr, = BIL
So mgsina = BIL butI =V/R
80  mgsina =B %i_ 1. but induced voltage V =BLyvys
BL.
S0 mgsina = BLA)L
: R
. _ mgsinaR
Hence VeT Tgarz
(c) Termihal
Angle () speed (cm/s) Sina. Motion of rod down the slope
20 0.56 0.34
25 0.71 0.42 &
30 0.83 0.5 £
35 0.9 0.57 2
a0 | | 1.05 0.64 .
45 1.19 0.71 £
50 127 0.77 =
55 1.4 0.82
60 1.44 0.87 s

(i) Calculator: vis= (1.68) sina — 0.014 (using values of sina rounded to 2 S.F)

vis=(1.71) sina — 0.031 (using precise values of sina )



(ii) Graph: gradient = 1.67 cms™ or - 0.0167 ins™

(@) OGradient  0.0167 = ‘];’zgé
| B = ng m. 44 x 10_3}{ O8x1.4x 10

0.16717 . 0.167 x 0.2%

B=030T

~
-

n"! e * N . ) X
@@ ./ 7 %\ | Oscillating bubble emitting
P ! ' | high pressure pulses
oo b : .
\‘ \\\ /1 "‘
"\ ~ s :"
o 1. 3% 1.4%100%10° e el
_e = = —— =1.09x10? o
(it) f°\ 2n-\/1 x 10°x(3 x 10%)* = 2x 10 ,Hz' o
- (b) (1)f 300/60 5Hz v=14ms"
| . V= 2mef so 14 an rxS
R 045m -

(11) The t1ps of the blades will be most hkely to suffer cav1tatxon damageas it is the pomt R

where the propeller is movmg at the greatest veloc1ty relatlve to the water

| (c) (1) From ﬁgure 1 r= 3. 6 mm at maxnnum
' (11) From ﬁgure 1, the tlme to go from max1mum rad1us to zero is about 0.3 ms ‘
(111) A hxgh pressure pulse is produeed when the bubble collapses (about 60 kPa change)

The shock wave from th1s pressure ehange stuns or kﬂls small oreatures in the water.












