PMT

OCR Mechanics 4 January 2004

1 w’ = w,’ + 20 (equivalent of the linear v = u” + 2as)

8 =5 +2x0-3x40
0 = 65 rad 2]

For the final complete revolution ...

0 = wt—Lat’ ("s = vt —Lat’")
2r =0—4x"0-3x¢t’
2 _ 4
=470 4
t=6-4720...= 6-47 s [3]
2
2 massofrod:f 0-7—0-3z dmz{O-?x—0~15x2r:0-8
0 0
v
, 15
0-87 = [ 2 0:7-0-30 dz=[0-352" —0-12°[, =0-6
0 0
z=0-75
[5]
3 speedboat vship + ship Vsea‘ = speedboat Vsea‘
Sine Rule ...
sinf  sin105°
8 15
6 = 31-008...
So the bearing of the speedboat = 45° +6 = 076-008... = 076 -0°
[4]
v _ 15
sin 75° — 60 sin 105°
v =10-7858... = 10- 8 ms [3]

4 area of lamina = f P Az =1a?
0
. . 3m o’
mass of ‘elemental strip’ = pyér = —-—- 6z
a a
‘, 2> 3ma’ m e g .
« Mol=| 43y -— dx:—5f 2" dxr =1ma (show)
0 a a” o [7]
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5 I, =3mr’ =1x4x0-6°=0-72

parallel axes theorem ...
I,=1 +mx0-4 =1-36 kgm® [2]
at the instant of release ...
C=l«
39-2x0-4 — 4.8=1-36xw
a =800 rads™

energy considerations ... 3]
gain in K.E. = loss in G.P.E. - work done by friction
110 =4x9-8x0-4—4-8x%
w* =11-9708...
w=3-45989... = 3-46 rads” ]
196
6 MT=> "mx 207 =15x1-4 4 5x2-8 z=1-75
2]
T=4mP +520°=4x15x1-4° 4+ 20x1-4* =78-4 kgm®
2]
Hhg P '
0
3 1.75 C =l
“ 196 1-75sin0 =78-4x3-5
¢ sinf =08 (show)
1196 3]
a P
A N2 radially BA H —mgcosf = mw’r
H=20x9-8x0-6+20x1-2°x1-75 =168 N
mg N2 normal mgsinf — P = mrw
B P=20x9-8x0-8—20x1-75x3-5=234-3
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Potential Energy Function (relative to position with 8 = 0)

2]
V=mga 1—cosf +1-22. gcosf’ —a?
= 1mga cos’ 6 —4cosh +3 TI<9<Z
dav _ . . 1 .
—— =3mga ~cosfsinf 4 2sinf = 3mgasinf 2 —cosf
deo
dVv . ey "
T =0 and therefore =0 is an equilibrium position.
6=0
10 = smga 2cosf +sin” @ —cos” 6 17 =3smga >0
0=0
So the potential energy function has a local minimum at = 0 and therfore we have a position of
stable equilibrium. 7]

conservation of mechanical energy ...

.2
1mga cos’@ —4cos@+3 +1im a = constant

differentiating ...

1mga® 2sinf —sinfcosd +ma*06 =0

6 = 7isin0 2 —cos@

2a
for small oscillations ...... sinf~0 and cosf=1
and so .... 6 ~ [1]9
2a
L . . . 27 2a
The motion is therefore approximately SHM with period 7T = =2 |—

PV g






