AQA Board. GCE Maths (Specification A).

Model Answers

January 2003

Note comment on paper about stating final answers to 3 significant figures, in general



Pure 1 - MAP1, 15 January 2003

Question 1 Question 3
(a) (a)
9 81 7.29 dy 1
10 9 8.1 de =z 3
(b) Py _ 1
a1 dz? 2
Uy = QT
b) Set
=10(0.9"1) (b) Se 1
- —3=0
(c) .
1—r" !
_ ==
Sp = a—0- 3
1—7r L
a2 (c) at x = 3
- Y dz? (1)2
=10(9.282) 3
=92.8 to 3 sig figs =9
(d) so stationary point is a maximum
oo = — .
T 1oy Question 4
10 ;
—— -1 (a) (i)
0.1 00
sin? 6 4 cos? 6 = 1
Question 2 cos?f =1 —sin?6
5\ 2
(a) At P cos’f=1-— ()
2 =z+1 13
@t -z -1=0 (30529:%:>cos0:E
_ 169 13
(b) (i) When x =1.2 Could also use Pythagoras. If the hypotenuse is 13
123 -12-1=-0472 and the opposite side is 5, then the adjacent side
equals 12.
When x=1.4 (ii)
1.4% —1.4—-1=0.344 sinf 5
tanf = = —
i.e. the expression changes sign between these two cosf 12
points, therefore P must lie within this interval (b)

(ii) when x = 1.3
0 =0.395 to 3 d.p.
1.3 -1.3—-1=-0.103

when x = 1.35

5~ 0.395r
1.35%3 —1.35 — 1 = 0.110375

TR 5 A 12.658 ~ 12.7

which is too high 0.395
(ii) Area
1.3 <2 <135 012 12.72
= — =0.395 x
(iif) so to 1 d.p 2

r=13 = 32em?
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Question 5

(@) ()
(0,5)
(i)
0< f(z)
(iif)
f(In6) = 5~ 6 = 5eln6™
_2
6
(b) (i)
gf(z) =5~ + 10
=5(e™* +2)
(if)

gf(z) > 10

(iv)

5(e7"+2)=11

et +2=22

e =02
—x=1n0.2
x=—1In0.2
x=1Inb
() (1)
15°C
(i)
11 =5(""+2)
from (b)(iv)
t=Inb

t = 1.6 min to one d.p.

Question 6
(a) (i)

(i) At x=4

which is the gradient at that point

(iii) same as given in question but translated upwards
by 10 units

(b) ()
ot
/f(a?)dx:?—i—Zx—&—C
2
ol
= x2+2x+C’
3
(i)
233% 9 !
3 + 22
0
16
= (= +8)—(0
(3+8) -0
_ 10
3
(c) Let
yza:%+2
x%:ny

so area of A (using result from (b)(ii)

_40 8
3 3
_ 3
3
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Question 1

(=32 4+ (=3)’p—3+54=-3

—27+9p—3+54=—3

9p = =27
p=-3
Question 2
(a)
6
1
/ du
6
= [In(2 + u)],
=In8—1In2
=1In4
(b) Substituting
x=u? and d—x =2u
du

integral becomes
6
1
/ —2udu
0 w(2+u)

6
2
:/ du
0 2+u

=2In(2 + u)]}
=2(In8 —1n2)
=2In4
=1In16

Question 3

(a) Substituting coordinates of A into LHS of equation

9 18 16 82
25 5 25 5
50
=1- = +9+16
=16

(b) Circle center (3,4), radius 4

(c) Differentiating equation for circle

2z —3)+ 2y — )2

Y
— =0
dz
dy __ (z-3)
dx (y—4)
At A, the gradient
-5 _ 3
=-—ic =3

so gradient of normal

_4
-3
equation of normal at A
_ 4
= w_,
3
444
YT573" 75
4.
Y= 3"

which passess thru the origin

Question 4

(a) (i)
L =2sin6 +4cost

(ii) let
2sinf + 4 cosf = Rsin(f + «)
S0

2sinf + 4 cosf = Rsinf cos o + R cosfsin «

therefore
Rcosa =2
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Rsina =4

SO

R2cos? a + R?sin® o = 22 + 42

R?=20= R=+20

(Note : this used

cos® +sin?a =1

and

Rsin o
=tana = 2

Rcosa
a=tan"'2=1.107

so required form is

V20sin(6 4 1.107)

Lmax =v20
(ii) at maximum

sin(f +1.107) = 1

f+1.107 =

0 = 0.46 rad to 2 d.p.

Question 5

(a)

(b) With 5 strips

x y
0.1 0.1002
0.3 0.3047
0.5 0.5236
0.7 0.7754
0.9 1.1198

1
I= 3 (0.1002 + 0.3047 + 0.5236 + 0.7754 + 1.1198)

~ 0.565 to 3 d.p.

4
Question 6
(a) Let z = —4 which is outside of the student’s solution
2 —
ik R N Y
T —4

which is > 1 and so x = —4 is allowed by the inequality

(b) S(he) has multiplied thru by x, whereas you cannot
multipy thru by a value without knowing whether it is
positive or negative - if it is negative the inequality sign
needs to be reversed.

(c)

2x 4+ 3
T

>1

2
2
x(2z + 3) o g2
x

222 4 3z > 22

22+ 32 >0
z(x+3)>0
r<—-3 3<z<0 O<z
X - - +
x+3 — + +
x(x+3) + - +

So
r< -3 and x>0

Question 7

(a) (i)

dy .
— = —Isinx + cosx
dx
(ii) At max
—xsinz 4+ cosx =0
rsinx —cosx =0
rztanz —1=0
tanx = —
T
therefore
!

xr =tan = —
x

(iii)

xr1 =0.9
xq = 0.837..
x3 = 0.873..
x4 = 0.852..
x5 = 0.864..
xg = 0.857..
x7 = 0.861..

rg = 0.859..
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10 = 0.860..
r11 = 0.860..

SO

x =0.86 to 2 d.p.

[NE]

Area = / T cos xdx
0
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Question 1 Question 3
(a) (a) (1) You might be thinking of doing the first step of
1 (H=1 a’Partial fractions’ procedure, but it appears here
14 57 + 227|25U2 they just want you to show that the LHS=RHS
1 1 1
22 —
® 0 216 16
22
3 Z1Y? =2 3
(4+2x)2:(4{1+§}) 2216 ' 22— 16
o\ % __®
= (1 + 5) 22— 16
1 1 (ii)
=2(1+-2— =22
( TR ) y
1 1 -
*2+§$*T6$2 2 — 16
(ii) Need
Sl<1 16 _ A B
] < 2 (x—4)(x+4) -4 x+4

Question 2 16 = A(z +4) + B(z — 4)
uestion

Let x =4
(a) 16=84=A=2
d =—
x:3sint:>d—f:3cost Let @ 4 16 — _8B
cost = dy sint B 2
= — = — S1nN = —
Y dt
gradient giving
by _dydt gy L L SR
de  dtdz "3cost 3 r—4 z+4
at t = 7, the gradient (b) integral becomes
1t s 1 .
= Tgtang =—g 2 2
343 /<1+_4— +4>dx
(b) When t = = 5 ¢ *
LT 3
T = SSan =% [z 4 2 (In(z — 4)) — 2 (In(z + 4))]5
y—cos——i (8+2In4—-2In12)— (5+2In1—21n9)
NG
. . 34+1In16 —1In144 4+ In 81
so required equation is
i, s s
v2 o3 V2
9 3+1In9
= ——x+ —
Y V2 (which would be acceptable), could also state the an-
1 swer as
y:_§+\/§ 3+2In3
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Question 4

dy 3 dy
—= = —5; dy = d
dx . ’ Y= dr
x Y % dx dy
3 1 2 0.5 1
3.5 2 2.692 0.5 1.346
4.00 3.346

Therefore
y=3.35 to 2 d.p.

Method : The initial values of x and y are given .
derived from the formula above (left), dx is a constant 0.5,

dy 1is derived from the formula above (right).

Then loop, x goes up in steps of 0.5, and yp+1 = yYn + dy

Question 5

(a) ()
f(z) = cos2z
f'(x) = —2sin 2z
1" (x) = —4cos2x
(i)

f0)=1; f(0)=0; f"(0)=—4

MacLaurin series for cos2x for small values of x

(ie. ignoring terms above second degree) is

£O) + 27/ 0) + 2 7(0)

2

T
=1+—(-4
+2(-0)
=1-— 227
(b)
—922)2
e 14 (—2z) + ( ;)
~1—2x+ 22°
therefore

e fsine ~1—22 4227 + o
~1—ax+22?
(¢) An approx. soln can be derived from
l—z+2°=1-22"

422 — 2 =0

z(4r—1)=0
which gives
1
=7
as the only solution for z > 0

dy

dz

Question 6

(a) Equating ratios of vertical/horizontal

xr+ s

s
5.2 1.6

1.6(x +s) =5.2s
1.6z + 1.6s = 5.2s

3.6s = 1.6x
1.6z 4j

36 9

(b)

ds 4

dr 9
now

ds _ ds do
dt — dz’ dt

4
=_—-.6
9

8 _
=-ms !

3

Question 7
(a) When T' = —7°

de 7 1
dt 14000z 2000z

x t
/ 2000x dxr = / dt
2 to

21% t
(1000275 = [t];,
100022 — 4000 = t — ¢,
t = 100022 — 4000 + to

When x = 3 (and ¢y assigned as zero)
t = 1000(3?) — 4000 = 5000

This is 5000s after 12 noon

5000 1 .
5000s = 0 835 mins after 12:00
=13:23:20

Question 8
(a) (i) Equation of II is
3t —2y+z2z=5
Insert coordinates of P into LHS

3(2) —2(-1)+(-3)=6+2-3=5
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(ii) Let
3+2t = -1
—2-3t = 4
3+4t = -5
top line gives
t=-2

and this value of t satisfies other two lines. There-
fore Q does lies on the line [.

(b) To find angle between the normal to II and the line {
Normal to II

cosf =

V14v/29
= 0.794..

therefore
0 = 37.4°

and so angle between plane II itself and line [

= 52.6°

(c) line from P to line { has the equation

3 2 2 1+ 2t
2 | +t| 3| -] -1 |=| -1-3t
3 4 -3 6 + 4t

Since this line is L to line [

142t 2
-1-3t (.| -3 | =0
6+ 4t 4

244 +34+9t+24+16t=0
290t =-29=1t=-1

so required coordinates on line [ are

(17 ]-7 _1)
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Question 1 (b) Argand Diagram
(a) (i) (¢) (i) line is a bisector between z; and 22 (going thru
the origin, as can be deduced by examining the
—2 moduli of z; and z,.
(ii) (ii) line thru z;, parallel to zo
5 Hint : These lines are calculated in an analogous way
to vectors, e.qg analogous to AB =b —a
(b) ()
(a+B+7)(a+pf+) =4 Question 3
taf+ay+aB+B2+By+ya+y8+9 =4 (a)
o+ % + 9% +2(af + By +7a) = 4 1 A B
= +
o+ B+ +10=14 (r=Dr+1) r—1 r+1
2 2 2 _
a+f7+y" =6 1=A(r+1)+B(r—1)
(i) a® + B2 + 42 would be positive if all roots were Let r=1
real. Real coefficients in the cubic equation mean 1=924 = A— 1
that complex roots will occur in conjugate pairs.
(c) Let r=-1
1=-2B
(=24 3i)2 + (-2 —3i)2 ++%> = -6 1
B - _5

4+ 9% —12i +4+9i* + 12i ++* = —6
8—18++"=—6

so expression in partial fractions is

) 1 1
7= 2(r—1)  2(r+1)
v =2
now (b)
(=24 30)(—2 — 30)(2) = —k "
2(449)=—k ;(Tz—l)
k=—26
B 1( 11 )
Question 2 S 2\-D 2+
. 1 1 1
(a) (i) 3 (2(3— ) 23+ 1))
zo=—V3+i +1< 11 )
(ii) Modulus 2h2-1) 24+)
— (VB +12 = VBFT=Vi=2
1 1 1
Argument 3 (2(n -2) 2(71))
= tan~! —i :51 1 1 L
' ( ﬁ) 6 2 <2(n1> _2(n+1>>
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You can see that all terms will cancel out apart from Question 5
terms at the beginning of first two ’lines’ and terms at
end of last two ’lines, i.e. Part 1

Assume true for n=k

9 k

and substitute this into given expression for sequence

9 k
3uk+1:2<3<) —1)—1
3
k
2
Uk+12(3> —1

Question 4

(a) substituting given definition into LHS

2cosh?t =2 (i (et + et)Q)

1 k+1
= (€2 +2ete™t 4 72 3 (;) 4
Lo -2
:§(Et+2+e ") Part 2
14 1 (ezt n e_gt) Now test a specific value of n :- set n =1
2
1
=1+ cosh2t u1:3<2> _1=1
b)) ’

) dxr which is equal to the stated value for u;. Therefore true for
x = 2sinht = ar 2cosht all values, from 'Part 1.

d
y = cosh®t = Y _ 9coshtsinht

dt
SO

dt dt
= 4 cosh? t(1 + sinh? t)
= 4 cosh? t(cosh? t)
=4cosh*t
(ii) Length of curve is given by

B dz\ 2 dy 2
= [ ()
:/2v4cosh4tdt

0

2 2
:/ 2cosh” t dt
0

1
= /2 (1+ cosh2t)dt
0

~ lis sinh 2¢ 3
= 5 )

_ 1 sinh 1
2 2
1 .

= §(l+smh1)

2
y = cosh®t =1+ sinh®¢ =1 + (g)

=—+41
Y=o

de\ 2 dy 2 2 2, . 12
+(—=) =4cosh”t+ 4cosh”tsinh”t

Question 6
(a) (i)
(cos@ +isin®)? + (cos@ — isinh)?

= (cos40 + i sin40) 4 (cos 40 — i sin 40)
= 2cos40

(cot O +i)* + (cosf —i)*

1 1
= — 48(c080+isin9)4+ : 49(0089—2'81110)4
sin sin

for 0 # rm
_ 2cos40

sin 0

using result from (i)
(b) cot @ is a root when
cos46 =0

i.e. when .
449:2n7ri5 n=0,1,...

nwto
0= —=+—
2 8
e—iz,ﬁiﬁ
82 8

- W’3175W
8 8" 8

S0 roots are
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(c)
3, (W)B) s, B2 5 HB)R)1)
(z41)* = 24 +4i23+ 2 2224 3l 324+ 4
(z—1)* = 24—42'234—%(—i)2z2—|—(4)(3%(—i)32+

Adding and simplifying
24 1222 +2=0
2 —622+1=0

(d) Roots of above expression in (c)

o _ —(=6)+/(=6)> —4(1)(1)
2

V4
_6—4/32
o 2
—3+2V2

comparing with answer from (b), and noting that

t 2>
cot —
8

then -
cot? g =3+2V2
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Question 1 (i) Repeating the above integral between 27 and 7
gives an area of
(®) 21
. 4z . ™ A4r
CEILII;O e dr=0 so if OP bisects this area
therefore 2_1 - 1/2_1
lim zFe % dz =0 T 2a 2 \7m 4w
o o . . 2 1 1 1
because the limit of a product of functions is the product = =
of their individual limits T 20 7w 87
1_2 1,1
(b) 20 7w 7w 8nm
) —4z7%° | poo 1 16-8+1
/ re ¥y = — [aze } + f/ 74 dy 20 81
0 4 1y 4o 1 9
1 o0 20 87
=(0) - 16 [e ]0 9¢ — 8m
1 9
=~ {0 - (1)} ae i
_ 1
16 Question 3
(©) |
(a) Improper integral because
oS] 3326_436 oo 1 5]
/ e M dr = — [ } + f/ 2xe™ 4" dx |f(x)] = 00 as |z| — 2
0 4 o 4Jo
_ = —4dx d
= 2/0 xe X /2 dz _ [Sin*1 (5)]2
this is half the integral from (b), so solution to the —2 V4 —a? 2702
integral is ANk ., (T\70
1 = [ (5)],+ = (B)L,
52 = (sin™'(1) —sin~!(-1))
: 7 ™
Question 2 = (5 - (—5))
(a) sketch -7
b i) A .
(b) (1) Area a Question 4
1 2
H (a) (i)
1 / id@ y=( 24 1y
2Jg ¥ dy dy
2
= DY 4y(2
T2 0. dy o .dy
5 = 1)-2 =2
! dx (=" + )dx Y
(14 y
2\ a o« —93267 =2zy
_2_ 1 dy _ 2y
T 2a dx T

12
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(i)
d 2 2
ﬁ((:ﬂ +1)y) = 62" +2
(m2+1)y:2x3+2x+c
(223 + 2z + ¢)

13

Question 6

(a)
1x0.5

0540122500
u V2105

2 +1 = 0.5447 to 4 d.p.
(b) from (a)(ii) the soln for y is M) ()
dz (2% + 2z + ) 1% 05
Y=~ 211 b= 01 = 00172,

when x = 0, g—; =1

N 1.1 x 0.5447

¢ Fp = 01— = 0.04881.....

producing 1.12 4 0.5447

1
dz= |2
/z <x+x2+1

) as

1
Y1 = 0.5+§(0.04472+0.04881) = (0.5468 to 4 d.p.

(i)

¢=2"+tan o+ D iy = 01— 05408 6406
when ¢ =0,z = 2, so V1.12 +0.5468%
2=D=D=2
solution is ko = 0. 1.2 x (0.5468 + 0.04896) =0.05336......
s 2?4 tan-la 42 V1.22 + (0.5468 + 0.04396)2

Question 5
(a)

1
Yo = 0.5468+§(0.04896+0.05336) =0.598 to 3 d.p.

 —24/4—20
= 2
= 142
d*y | dy
2— +5y =10
dm2+ der 4

Auxiliary Equation is as given in (a), so CF is
y =e “(Acos2x + Bsin2z)
Particular Integral : try yo =k =y, =0
S5k=10=k=2
So GS is
y=-e “(Acos2z + Bsin2z) + 2
When z =0,y =0
0=A+2=>A=-2
Differentiating y
gy _
dz
When z =0, % =0
0=@2B)+2=B=-1

e *(—2sin 22+2B cos 2x)—e~ ¥(—2 cos 2x+ B sin 2x)

So solution is

y=-e “(—2cos2x —sin2z) + 2
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Question 1 (b)

(a) Since clockwise is considered a negative rotation 11 3 1 1
cos(—0) —sin(—8) 1 [ cos(8) sin(6) e lirAE
sin(—0) cos(—0) | | —sin(d) cos(d)

hich =1
(b) the first vector gives which corresponds to A
1 « 1 1 3 4 4
2 g 0 2 5 5| =35
0 0 3 1 1

where o and 3 can be any value, while the second vector

would require which corresponds to A = 3

1 2
2 1 (c) Using A = 2
Question 2 ety +de 0
5z = 0
(a) z = 0
— 11 1 0 3 =2z2=0, =y
AB[—1 2“011] .
Therefore required vector
_ 11 4 1
Tl -1 2 -1 1
0
(b)
1 -1 (d)
BTAT=(AB)T=|1 2
4 1 11 4 10
U=|0 15 D=|0 2
. 0 01 00
Question 3
(e) Using eigenvalues above
a+b)x(a+b+5c
( ) ) r = avy + 30va + 29vs
=axat+axb+baxc+bxa+bxb+5bxc
= b —2j) — b + bi .
axb+5(—2j) —axb+5i Question 5
= 5i — 10j
(a)
Question 4 2 oz 1
1 11
(2) 4021
1—-A 1 3
0 2—-A 5
0 0 3-A =22(1-2) —z(1—4)+(2—4)
2
=—x"+3r—2
= (1-N(E2-NB-A) =0 e
2
=—(z" -3 +2
therefore (@ v+2)
A=1,2,3 —(x—2)(z—-1)

14

w o o
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(b) Question 7
x 0 2 (a)
0 = 9 .
i j k
01 =z 01 3
1 0 2
— x(x2 o 9) = 1(2) —_](—3) + k(—].)
=2 +3j—k
=z(x+3)(z — 3) b))
Since det(AB) = detA x detB L 1 5
det(AB) = —x(x + 3)(x — 3)(x — 2)(x — 1) PQ = g +i g - *1 —s
. t—1
Question 6 _ 3_ 4
(a) 242t —3s
(i)
3 -1 -5 5
2 1 -5 10 t—1 2
1 1 a 7 3—s =) 3
242t —3s -1
t—1=22=t=2\+1
3 -1 -5 5
0 -1 —-5—2a —4 3—s=3A=>s=3-3\
1 1 a 7 and
242t—3s=—A\
2+ 220+ 1) — 3(3 — 3)) = -\
5! b 244N +2-9+9N+A=0
0 -1 —5—2a —4 toAATamI AT A=
0 4 3a+5 16 14X —-5=0
)
A= 2
14
3 -1 ) 5) (c)
0 -1 —-5—2a -4
0 0 —5a—15 0 27 T07
3 1 1=0
__1_ _3_
(=5a—15)z=0=2=0 when a # -3 T 97 1]
31.10 | =0
(b) (i) When a = —3 | 1] [2]
(d) Finding the modulus of PQ
(=5a—15)z2=0= 2=k ie. zis arbitrary
5
and ﬁ\/ﬁ
—y+(-5—-2(=3))t=—-4
—y+t=—4d=y=4+t
and

3x—(4+t)—5t=5
3r=6t+9=2x=2t+3

(ii) the planes will intersect in a common line

—_
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Question 1 Question 4

(a) (i) Let T be the tension in the string.
2m(2) —m(6) = —2m(3V) + m(V)

—2m = —5mV
V =0.4ms~!
Question 2
(a) sketch
(b)
v? 412 = 1.252
PR
16 16
v = st_l
(c)
1
inf = —— =0.
sin 195 0.8
0 = 53.1°
Question 3
(a)
v=u-+at
v=0+0.8%x3
v=24ms !
(b) sketch

(c) Distance traveled to 3 secs

s = %(2.4) x 3 =3.6m
Distance traveled between 3 and 7 secs
§s=24x4=9.6m
Total distance
=3.64+9.6=132m

Average Speed
13.2

=1.89ms "

Resolving vertically
T =mg

which is the answer

(ii) Resolving horizontally

(b) Vertically

mg —T =ma

Horizontally
T =2ma
Substituting
T=2mg-T)
3T = 2mg
T 2mg
3

Question 5
(a) Resolving horizontally

6 = 8cos 60 4 a cos 60
1
6=4 + 5@
a=4
(b) Resolving vertically upwards
R = 4cos30 — 8cos 30

_ 43
2

=_92V3
so R is 2v/3 N downwards

16
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Question 6

(a) Distance traveled for ¢ > 0
s = /(2ti + 4j)dt

= %1+ 4tj
So position vector at time t
r = 2j + (t%i + 4tj)
=%+ (4t + 2)j

CD = 16i + 18j — (4i + 10j)
= 12i + 8j

Question 7

(a) During flight

[
V= tt—gt

Integrating to find position vector (constants of inte-

gration are zero)
. 7t
T Tt ggt?

L o
=Tt — —gt
y="T-59
r="Tt
SO
.1 (E)"’
y=Tmo9\7
. 1 (E)Q
y=x 29 7
y=x—0.12>
(c) When z =4
y=4-0.1(4)%
y=24
so ball passes over the wire
(d) Set y=0
0=z —0.127
2(1-01z)=0
SO
x=20,10

so answer is 10 m
(e) Max speed ( at t=0)
=V7+T?

=+/98 = 9.90ms~!

17
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Question 1 Question 4

(a) Conservation of Momentum
P=F.v=(68).(9,12) = 54 + 96 = 150W

1200(43.2) = 120004 + 150005

QueStlon 2 Coefficient of Restitution

1
Mz =mapxap + MmcDEFTCDEFR 1% 43.2 = (vp —va)

Mz = (0.25)(0.4) + (1)(0.95)

1
__ (025)(04) + (1)(0.95) va=vp — 7(43.2)
1.25 . .
1.05 Substituting this in top eqn.
1.5 1
_ 0.84m 1200(43.2) = 1200(vp — ;(43.2)) + 150005
. 1
Question 3 270005 = 1200(43.2) + 1200()(43.2)
i) EPE
(&) @ . 5(1200)(43.2)
1 1 5=
= Jha? = 210 x 0.5°.5 = 1.25J 4> 2100
vB = 24ms™ 12
(ii) KE gained + EPE gained = PE lost
) Therefore
2 _ 1
5mv + 1.25 = mgh vy =24 — 1(43.2)
1
5(0.1)1)2 +1.25 =0.1g(1.5) —13.2ms~!

1 2
5(0.1)v" = 0.15g — 1.25 b) Impulse of A on B = Change in momentum of B
2 g

2
v® =20(0.15g — 1.25) = 4.4 1500 o 24 % 1000
v =2.098ms—1 to 3 d.p. ~2.10ms ! B 3600
(b) Rebound Speed = %X Approach Speed = 10000N's
3
= 52-1 (¢) (i) sketch of F against t, of triangular shape, starting

from origin

_ —1
= 1.26ms (ii) equate the area of this triangle to 10 000

2

1
v? =u? - 2gs 5F(0.01) = 10000

0=1.26%-2
92 F=2x10°N
1.262
S =
29 (iii) Force will probably not vary in such a ’'nice’ linear
s =0.081m way

18
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Question 5

(a) Resolving horizontally

T'sin 6 = ml sin fw?

T = miw?
(b) Resolving vertically
T cos® = mg
mlw? cos = myg
cosf = lw%
(¢) (i) From (a), if T < 16N
mlw? < 16

(0.1)(0.4)w?* < 16
w?® < 400
w < 20 rad/sec
(ii) From (b)

g
9 =L
s = 7.5
-1 9
9 = S 1 —_—
cos T2
this will be a maximum when w = 20
9.8
§=cos P ———
O 10.4)(20)2

= 86° to nearest degree

Question 6

(a) Equating KE gained to PE lost

1
§mu2 =mg(r)

u? = 2gr

(b) (i) KE at P = KE at B plus PE lost between B and

P
L

1 .
Fmu” = §m(297“) + mgrsin 0

v? = 2gr + 2grsinf
v = 2gr(1 +sinh)

(ii) diagram showing Weight downwards and Reaction

at right angles to the surface

(iii) Resolving along R and equating to central force

mv2

R—mgsinf = —
r

m(2gr(1 + sin6))

R —mgsinf =
r

m(2gr(1 +sinf))

R —mgsinf =
r

R = mg(sin 62 + 2sin 9)
R =mg(2 + 3sin0)

(¢) Just before C, with 8 = 90°

R=mg(2+3)=>5mg

After C
R =mg

Therefore a change of magnitude 4mg
(d) At C
v? =2gr(1+1) = 4gr

Usin,
¢ v? = u? + 2as

0 = 4gr + 2a(4r)
g

a=—-=

2
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Mechanics 3 - MAMS3, 28 January 2003

Question 1

(a) Maximum angular speed

1100
= — %2
G0 <
=115to 3 s.f.
(b) Angular acceleration
115
= = 14.4 rad/sec’
(c)
T=Ix

where « is angular acceleration

T=20x144

= 288Nm

Question 2

(a) sketch - horizontal Reaction at R, Reaction perpendic-
ular to pole at S, and weight W

(b) Resolving vertically
Scosf =W

Taking moments about A

2
0(2.5) =
W cos 0(2.5) Scos€
w 2
ua 2.5) =
5 cos 6(2.5) p—";
cos B cos §(2.5) = 2
7 cosH
cos® 0 = 25
3/ 2
- -1 3/ 4
0 = cos 5E
=21.8° to 3 s.f.

20

Question 3

(a) Moment of Inertia

%(2m)(3a)2

= 24ma?
(b) Instantaneously at impact, angular momentum
= mour = mv(3a) = 3mva
After impact, angular momentum
= I(piateyw + m(3a)’w
= 24ma’*w + Ima’w

= 33maw

so using Conservation of Angular Momentum

3mwva = 33ma’w

v _
w=—rad s !
a

Question 4
(a)
T cos 60 = 100
Ty = 200N

and rod DC is in tension

(b) ()

T1 = T cos 30
~2x200
SN
T5 = 231N
(i)
T3 = T5 cos 60
=231 x 1
N 2

= 115N (to 3 s.f., if using exact value from (b)(i)
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(¢) Resolving Horizontally (+ve to right)
T3 cos60 — Ty

T3 cos 60 — T4 cos 30
1 V3

=115( = | —200.—
(3) -0

= —116N
Resolving Vertically (+ve upwards)

= T35 cos 30

- 115.?

= 100N

Question 5

(a)
Weight Distance of C of G from O
Cylinder 3nr3p 3%—’”
Cone %7‘(‘7‘3[) %
Whole figure %m’3p z

SO

gwrgpi = 31r3p x 35?” — ém“gp X %
8z 9 1lr
32 12
32 = b4r — 11r
. 43r
T

(b) Body will topple when C of G moves to the left of
bottom left hand corner, i.e. when

r
tan @ > —
T

,
0> tan~! —
13732

> tan~! g
43
> 36.7°

Question 6

(a) (i) Loss in PE = Gain in KE

1/4 .
mga — mga cosf = 3 (3ma2> 6*

02— 6ga(l — cosf)
N 4a?

3—g(l — cos )

02 —
2a

21

(ii) Differentiating expression from (a)

90 — 3g(sm0)é
2a
i 3g(sin 6)
N 4a
(b) (i) Resolving along rod and equating to centripetal
force )
mgcos® — Hap = mab?
3g(1 — 0
Hap =mgcosf — maw
2a
3(1 —cosf
Hap =mg (0059 — (ZCOS)>

Hyp = %(50059—3)

(ii) Resolving perpendicular to rod and equating to
angular acceleration

mgsind — H, = maf

H, = mgsin@—maM
4a
H, =mg (sin9 — 3(sm9)>
Hy =" (sinp)
(¢) When B is vertically below A, § = 7 = sinf =
0,cos6 = —1
o
H, =0
m
Hap = 79(—5 —3)
= —4dmg



Mechanics 4 - MAMA4, 30 January 2003

Question 1

(a)

1
a:2x71x2
dv 1
29— g2
dx v 4;10
/vdvz/(Zm—m2> dx
2
v _ 213
g~ Tt te
When x=0, v=0
=C=0
S0
1
2_9,2_ 1,3
v T Gx
(b) When v=0
1
O:2x2—6a¢3

z? (éx—?)zo

= x = 12m when it stops for the first time

Question 2

(a) At time ¢
v=v; m=M-+4rt

At time ¢ + 6t

v=v+d0t; m=M-+rt+roit

(M +rt+rét)(v+dv) — (M +rt)v=0
Muv+ Mév + rtv + rtév + rvdt + rétév — Mv+rtv =0
Moév + rtov + rvdt + rétdv = 0
dividing by dt, taking the limits ignoring higher order

terms

dv dv
M— _ =
T —i—rtdt +rv=0

d
(M+rt)d—:+r11:0

22

@ rdt

v ) M+t
Inv=—-In(M+rt)+C
whent =0, v=u
hu=—-InM+C
C=lnu+InM =InuM

S0
Inv=InuM — In(M + rt)
| uM
=ln —
(M +rt)
uM
v=————
(M +rt)
Question 3
(a)
T=Mr
S0 )
T=""90

l
(¢) There is no transverse force, so

d

0
226 =
p (r<6)=0
S0 .
20 =k
When r = I,70 = \/gl (as given in question)
k=1/gl
S0
20 = 1\/gl
. gl3
0= 2

r2 l
gl 2g
R
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(d) ignored any air resistance

modelled ball as a particle
assumed spring obeyed Hooke’s law

Question 4

(a)

Auxiliary equation
m? +121 =0
m = +11¢
so Complementary Function is
x = Asin11t + Bcos 11t

Particular Integral

let
x = Csinwt + D coswt
= Cwcoswt — Dwsinwt
& = —Cw? sinwt — Dw? coswt
SO

—Cw?sinwt — Dw? coswt + 121(C'sinwt + D cos wt)
= Jsinwt
Comparing coefficients of sin wt
—Cw?+121C =3
3

T 121 w2
Comparing coefficients of coswt

—Dw?+121D=0=D=0

C

So General Solution is

r = Asinllt + Bcos1lt + sin wt

_3
121 — w?

x =t(Csin1lt + D cos 11¢t)
& =t(11C cos 11t—11D sin 11¢)+(C'sin 11¢+D cos lltz
& = t(~121C'sin 11¢ — 121D cos 11¢)+ ¢
11C cos11t—11Dsin 11t4+11C cos 11t—11D sin 11¢

0
t(—121C'sin 11t — 121D cos 11t) 4+ 11C cos 11¢t—

11Dsin11t + 11C cos 11t
—11Dsin 11¢+121(¢(C'sin 11¢+D cos 11¢)) = 3sin 11¢

comparing coefficients of sin 11¢
—121tC — 11D — 11D 4+ 121tC =3
—22D =3

23

Question 5
(a)

i = 33 — 24
¥=3%—22y—x)
i =3¢ —2([3z — 4] — x)
Z—5r+4r=0

(b) Auxiliary Equation

m—5m+4=0
(m—4)(m—1) =0
m=4,1

so General Solution is

x = Ae*' + Bet
differentiating

i =4Ae* + Be!
When t=0, x =5000

5000=A+ B

Using the eqn for & above and the form given in the

question
4Ae* + Bet = 3z — 2y

Considering t=0, when x=5000 and y=2000
4A 4+ B = 3(5000) — 2(2000)
4A + (5000 — A) = 11000
3A = 6000
A = 2000

and therefore
5000 = 2000 + B

B = 3000

Solution is
z = 2000e* + 3000

y = 3000e’ — 1000e*
7 = 3000e’ — 4000e*
From the question
y=2y—=x
= 2(3000e’ — 1000e**) — 2000e** — 3000¢’
= 3000e’ — 4000e!

which is the same as above - so the given formula is
verified

D:_i (d) Sety=0

22
comparing coefficients of cos 11t

—121¢tD +11C + 11C + 121tD =0
22C0=0=C=0

so Particular Integral is

r=t (—3 cos 11t>
22

0 = 3000e’ — 1000e*
10003 = 3000
et =3
3t=1In3

In3
t=—-

3
t = 0.366s



