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1. (a)|s 20 Complete method for speed of current Mi
e.g =23m orfind ¥ (1.57), 8(32°) and use ¥ sin@ or equiv.
30s
=5ms' or 0.83(3)ms” Al ()
6
A by, I~ Complete method for. speed of swimmer Ml
o ' eg =40m or Y{ ¥ = (@)% or ¥,sing.
30s
= 4ms! or 1.3(3) ms” At 2)
3
2. Equation of motion: —mg—-mkv=ma ; dv=-(g+kv) M ;AI
dr
Separating variables: IéJ = - J A @
g+hv
. ] Y
Integrating t= l—]g [In{g+kv)] (+c) Al
N . 1 " .
Using limitstogive 7' = — [In(g+4kv)], orusing limits [r=0,v=x]to find ¢ J@Al\f\
k
1 +k
| Completing to give T = 7 ln(g u} MIAL (B
[ Mark finding greatest height as Mr|
3. @ N Parallel to plane: usin = Veos 6
‘e
\ Perpendicular to plane: ¢ wcos 9= Vsin @
\1 Eliminating w and V: ecot f=tan @
Given result; e=tan’ @ * Al (6)
(b} Dmpulse= change in momentum=um{ Vsin @ + 1 cos ) AT
Expression inm, wand 6: = m{encos & +ucos d)=rmucos @(1+tan* §)
' sin’ 6@
or = mu + cosd
cos
Completion = musec @ * Al 4

(@
%
%
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4. (a) Using velocity diagram  sin 8 = sin 45° 1
NA 1500 2000
g = 32° (32.03)
Bearing = 90° - (45° + 8) =013° 1 (®)
(b) | Method forv: e.g. (i) v = 15007 + 2000%— 2.1500.2000, cos ( 90 + 13,)° _MlAI‘J
or (ii) vcos 45° =2000 cos 13.°
or (iii) sin 45° = sin 103° *
L, 2000 v §
. y= 2756 km b’ Ay
Time= 100 h = 131s MIAL  (5)
| v
[ Time= 100 cos 45° gains MIM1A} immediately, correct answer gains A2}
2000 cos 13.°
Using displacement method (several variations)
(i) In the case below a is bearing; but other relevant angle may be used
One equationinfand c:  e.g. 2000 £sin o = 502 — 1500 ¢ MIAL
Second equation in f and o e.g. 2000 7 cos o = 50N2 MI1Al
Equation in-one variable: e.g. 4coso—4sina=3 MIAl
Reducing to simple equation e.g. 4v2 cos (o +45°) =3 M1A1Y
Bearing = (0)13° Al
,_ Sustituting for o to find ; £=131s M1Al
o .
(ii) Using cosine rule: (2000¢)° = (15000 + 1007 —2.100.1500¢ cooS’ M2A1AI
Quadratic form: 175t"+ 15¥2¢—1=10 MIAT Y
Solving: ¢=131s MI1AI
Equation in # and o0 MIlAL
Bearing = (0)13° Al

M
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5 (@ | Ww® { RS - CLM: mucos 6 = kmv
o . NIL: eucos 8§ =v
Eliminating
_____ a e=1 * Al (6
: k
o TICNR = -
(b) Imv? + 3 (Zm)( 3 U 00569 =243 JP:m«.r2 ( or equivalent)
im@singy¥ + 3 2mY 3 u cosﬂ) =2 2mil [Ml forv,= using]
{45111 g + 2cos’d = 3]
4sin’d + 2 (1- sin’f) =
sinfg = %
¢ =45° Al ®)
[ 3 mi u cosOY -3 2m) 2 ucosdy =1 mz&2 accepted for first 4 marks unless it is clear that candidate
- s workmg along line of centres only;
e.p. 3 m{ ucosdy - 3 Qm) 3 ucos@f =% m( ucosdy , then max M1]
e @ ™ e T T=mix Bl
. - il . L
\\; »* Equation of motion: —3 mx -1 =m x MI1A1
= x +3x +2x=0 * Aljesy @)
; (b)) AE w+3m+2=0 = m=-1 or -2 1
G.S. x=Ade’ + Be™ ALY
t=0,x=2: = A+B=2 B1
Differentiating = _Ade’ 2Be™”
t=0, x =—4: = A+2B=4 (any equivalent form) Al
Correctly solving simultaneous equations (4=0, B=2) @
x=2e ¥ AL ®
@ » Shape Bl
N (0,2), x=0 asylﬂptote BI 2
i O
(d)| No, with reason, e.g. P always moving Bl 0
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7. (a) GPE: (from a fixed point) e.g. mga cos & (+C) | M1
§ EPE: 1 mg (ext) | Bl
| 4a |
BC®=(4ay + (2a)° —2.4a.2a.cos 6= 20a"— l6a°cos 8 | YA
T i
'S | L
o = EPE =3 mga[ §-4cos 0 2{V(5—4cos 03} +1] | “1)al
- V=GPE+EPE(+C)  applied : _ Ml
=mga{—cos @ —V(5—4cos ) +3} +C « dep. on all Ms) I AN
=mgaf{—cos & — Y(5-4 oo.s )} + constant *  (no errors seen) Al "
dv 45in 8 |
M) ——=mgai{sing - — T MIAL -
® a0 & { 2./5—4cosd } '
v _o ; [sin@{V(5-4cos §)—2} =0] M1)
dae
=>sin #=0 or V(5-4cos #)=2
1
o /

= &= 0 or & (0° or 180°) Al
= or 8 =cos™ (3)=1.32(75.5% @Al (6)
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