EDEXCEL MECHANICS M4

PROVISIONAL MARK SCHEME JANUARY 2003

QNTJer;ttl)g? Scheme Marks
Let boy’s velocity be u
1. Y Y T M1
—> 0.75
Speed=1= 12=u2+i, uzzloru:ﬂoro.%l... M1 Al
16 16 4
Time= —— =151.18... =151s Al
714
%‘
uM M1
1 sin 9=¥ = 0=48.6
. Al
..Bearing is 049° or 048.6°
(6)
(6 marks)
Let wind be
2. W, M1
_— Wx
Relative to 4:
Wy M1, Al
Sw._10 From South, = W, =10
Relative to B:
w,—14 M1, Al
— FromSW, = W, -14=W, .. W,=24
. Magnitude of W = ,/10? +24% =26 kmh™ Al
tan a = E = a=226
24
.. Bearing 023° or 022.6° Al

(7 marks)
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Question Scheme Marks
Number
3. () mg—mkv* = ma M1 Al
dv dv
N i v— | M1
& dx dx
v
x= dv M1
Jg—kvz
_ 1 2
x——ﬁln‘g—kv‘+c M1 Al
1
=0,v=0=>0=—— + M1
X 1% 2k C
X = 1 In—&
2k |g—kv?
hx g
e =
e Al
kv? = g(1 - e M1
v= %(1—(2“)) must use D | Al
(11 marks)
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ﬁﬂ?ﬁgg? Scheme Marks
4. (a) P.E.of rod = mg x 2a sin 26 Bl
AC=acot 8 Bl
i . 1 3 mg 2
EPE in String = —x — x —= (a cot 8—a) M1 Al
2 4 a
Total P.E V' =mg.2a sin 29+§ ne (a cot 0— a)? M1
a
= m8g" [16 sin 20+ 3 cot? 6 — 6 cot H+ 3] M1
ie. V= % [16 sin 26+ 3cot? §- 6 cot #] + const (*) Al cso @)
(b) j—g = 89 137 c0s 20— 6 cot G cosec? @+ 6 cosec? 6] M1A2 1,0
ﬁ _ mga (—0.5%%) M1
de 6=0.535 8 .....
& mga (0 299....) Al
dH 6=0.545 8 ........
Change of sign .. 3—; =0 inrange, so 3 find a position of equilibrium Al (6)
dv dv
(©) 40 05% <0, 4o 0=0% >0 M1
So turning point is minimum, ... equilibrium is stable Al, Al 3)
(16 marks)
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ﬁﬂ?ﬁgg? Scheme Marks
5. (a) | Auxiliary Equation.: m°+2m+2=0, =>m=-1+i M1, Al
.. Complementary. Function is: x =e™ (A cos ¢ + B sin 7) M1 ft
Letx =pcos 2t + g sin2¢t, x =—2psin 2t + 2¢ cos 2t, ¥ =—4x M1
Sub. in D.E.
—2p C0S 2t — 2q Sin 2t — 4p sin 2t + 4¢ cos 2t = 12 cos 2t — 6 Sin 2¢ M1
—2p+4g=12,-4p —2g=—6 Al
-10p=0 =p=0,¢9=3 M1
x=3sin2t+e” (Acost+Bsinf) | Al
t=0,x=0 = 0=4 Bl
x =6c0s2t—e” ' Bsint+e” Bcos¢t M1

t=0,x=0= 0=6+B ..B=-6
x=3sin2t—-6e7sin¢ Al (11)

(b) | x =6[cos2¢t+e”sint—e” cosi]

Sub ¢ = % x =6[cos2t+e” —6e7 cosi]
R =1
x=6/0+e ‘x——-e ‘x—| =0 M1

et et ]

.. P comes to instantaneous rest when ¢ = % Al 2
T . -1
sub¢t= = in =3sin — —6e * —,=1.07 M1, Al 2

(©) i ;65 @
d)|t—> x~3sin 2t, approximate period is 7 M1, Al (2)
(17 marks)
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QNTJ??\tkl)gr Scheme Marks
6. (a)
13
P before: - % cos o= u, T 13U Gin o= 2 B1, B1
12 12 12
12
3u
—>u -0 >V 5
[} [ J —> [}
2 [ J
" 2m
3u -u . u
PCLM (—) mu =myv + 2m €,3v= R ie. E//CB M1 Al 4)
(b) | NLI —> eu:vz—vljeuzs—u——z, i.e.ezi M1, Al 2
5) 5 5
d 5d
—-C tH= 1 =" Bl
€ YT 3uis T 3w
Ptravels 2 x Sy _ 4 in direction CB M1
5 3u 3
o Pisdy + % = %dl from w (*) Alcs.o (3)
(d) | After hitting w, O has speed % in direction CB Bl
Velocity of Q relative to P in direction CB is % M1
Time for Q to travel ia’l is: ady 10 = 404, Al
3 3u 3u
. .. .4 1
Total time between collisions is: 0d, + od, _ 154, (*) Alcs.0 4)
3u 3u u
. . 15d,
(e) | For collision to occur P must travel Td, and dd in time
u
dzT = d2 = 12d2 Bl
5ull12 5u
dd, velocity | is 5—”, Sty = d,  _ 24, B1, B1
24 S5ul24 5u
Total time is 36d, _ % M1
Su u
. 12d, = 25d, ,i.e. dyido = 12:25 Al (5)
(18 marks)
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