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8 @

(b)

r62=05

Solutions
velocities:
Vsup=5 5;2 =495
1
_» 5 5-2
+ 2 7.12% + 4.95% = 8.67
=7.12
4 95
=34.8°
7 12
So total velocity is8.67 m/s at a bearing of 34.8°
accelerations:
Asuip= 0 0.5-04 = 0.0707
s J2 |
2r6 =04 ' . 0.5= 0.4
—  .07072 + 63632 = 0.640 73
=0.6363
arit .0707 630
.6363

So total acceleration is 0.640 m/s” at a bearing of 353.7° (or 6.3° West of North)

9 Let accelerating force be P, mass of sledge be m, and acceleration of sledge be a
Then P = —mVrelative =02x30= 6N

(@

(b)

(©)

P=ma and m=4kg a t=0, s0 a:%: 1.5 m/s?

Maximum accel eration occurs when mass is at aminimum, i.e. just before the
water runsout. Thishappensat t =10s, when m= 2 kg.

Then, a:g:3m/sz

We can write md—v = —30d—m
dt dt
meal
whence j dv =-30 j
m
m=4

giving Vsina = 30 log 2 = 20.8 m/s

(Severa candidates assumed that the acceleration would change linearly from 1.5 m/s?
to 3 m/s? over the period of acceleration. Thisgivesafinal velocity for the sledge of
22.5 m/s — which is areasonable estimate, but not exactly correct.)
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10

11

(@ Moment of momentum is conserved if there is no net moment about the axis:
typicaly if all external forces pass though the axis, or are paralléel to it.

2 2 2
b 1=MT o M o | owp2 Ly L, 2 UM
/2 12| 12 2 18 3 9
| for cylinder | for rod Parallel axisterm for rod

(c) No net moment about the axis of rotation, so | @ remains constant. Since | will
decrease when the skater pulls her armsin, @ must increase: this means that
Y(lw x w) will increase. The additional K.E. comes from the work she does
pulling her arms in towards her body, against the centrifugal force that is pulling
them outwards.

(Many candidates answered part (a) correctly, but then failed to apply the same logic to
part (c). Most of these candidates assumed that the kinetic energy would remain
constant, as no work appeared to be involved; some thought that o would remain
constant.)

(@) Freebody diagrams for the two parts of the model:

f

bottom: top: k A
ki2
f f
Note that, since there is no mass, the downwards force on the top part must bef.

Equating forces for the top part gives. ky+ Ay=f whence y+ % y= % Q)

Thisgives A== and T, =—

k

|k

(b) Considering the tension in the bottom spring gives:

k 2f 2f
—(z—-y)=1f whence =z-"— and y=z-—
5(2=Y) y > y=2-5
Substituting these into equation (1) gives z—£+i z-ﬁ _f
k Kk k k
A, 3f 22f 3 22 ;
whence z+—z=—+—=—| f+—f
k kK k2 Kk 3k
- 3 A 22
iving B=—, T,== and T,=—7—
giving K 2= 37 3

(Notethat the three time constants must all have the same dimensions!)
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12 (a) Veocity diagram:

b-line (perp to AB through a)
measure: 100 mm

b-line (vertical through O)
measure: 86.6 mm

draw: 50 mm

O,¢ce

T~ line perp to DE through e

line parallel to DE through d measure: 12.9 mm
measire: 522 mm T draw: 0.4 x 86.6 = 34.6 mm

(velocity image)

d

So Vg = 86.6 x5 = 433 mm/s upwards, @warms :4—33 = 0.433 rad/s anticlockwise

1000
= 0.060 rad/s anticlockwise

12.9x5

and @sprinGs =
/10002 + 4002

(b) From the diagram, the C of G of the door has a velocity whose vertical
component is 43.3x 5 = 217 mm/s (point g on the diagram), and the springs are
contracting at arate of 32.2 x 5 = 161 mm/s. We can therefore write a work
eguation:

250 F +161 x 650 = 217 x 500 whence F =154 N (al velocitiesin mm/s)

100x 5

(c) Theangular velocity of the door is =0.25 rad/s anticlockwise, so the

hinges at B are opening at arate of (0.433 — 0.25) rad/s. The extraforce needed

isthen given by:

250 _
~“= AF =20(0.433-0.25) whence AF=14.6N
1000

(Many candidateswrote 250 F = 217 x 500 + 161 x 650 in part (b), implying that the
springs are opposing, rather than assisting, the automatic opener!)
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13 (a) Letthecurrent round the circuit bei (in aclockwise direction). Summing the
voltages round the loop gives:

. di
e-R-L—=v (1
dt @D
i dv di

But we can also write — =— whence i=Cv and —=CvV
C dt dt

Eliminating i and its derivatives from equation (1) gives
LCV+RCv+v=e asrequired.

(b) Comparing the equation above with p. 6 of the DataBook, v=y and LC = iz
Wn

1 1 4

SO w, = = =10

" JIC 10810
4 -5
Alo. RC=2—C © gza)chzlo x4x10 _0.2
o, 2 2

From the graph, Vmax = 1.53 e = 765V  whenwit~ 3.2, i.e. t~032ms

(c) Thisis“case(a)”, on p. 8 of the Data Book, with v=y and LC = iz
Wn

The frequency is2 x 21 x 10°s0 -2 =1.257 and ¢ =0.2 iill, so
Wn

v~13e =65V and ¢ ~-128° from the graphs.

(d) The*“locus of maxima’ crossesthe [Y/X| = 2lineat 2 0.93, so we can use
Wn

the “maximum response” formula and write 0.93=/1-2¢ 2

whence 2¢2=1-0932 or ¢ ~0.26
1

20y1-¢?

To achieve this higher damping ratio, we need a new total resistance R' such that

RC = 2x0.26 . giving R = 2x0.26 _ 0.55 _
®n a)nC 10~

So an extra 1.2 Q of resistance isrequired.

(thisismuch easier than solving 2 =

)

5.2
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