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Note comment on paper about stating final answers to 3 significant figures, in general
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Pure Maths 1 - MAP1, 28 May 2002  Question 4

Question 1 (@)
__—2x
(a) Consider y=e
=542 =0 @: 902
When x=1.2, LHS of above — -0.5264 d
d y _ 4 —2x
When x=1.3, LHS of above = 0.4561 a2 e
Since the value of LHS changes sign, there must be a (b) (i)
root between 1.2 and 1.3
—2z
(b) When x= 1.25, LHS = -0.05859375 / e du
root therefore appears somewhere between 1.25 and 1.3 _ e n
uestion ii) Integral between x=0 and x=1 would produce
Q t 2 I 1b 0 and x=1 1d prod
—2x
(a) {e } 1
Sn:g(2a+(n—1)d) 2 1o
_ e 2 1
=8(4+ (15)3) VW) {3
=392 1 1
) 0 2 2
e -1
u; =50 —3=47 T T oe2
uz =50 —6 =44 Question 5
ug =50 —9 =41 (a) (i)
ug =50 — 12 =38 1
(ii) E
U1e = 50 — 48 = 2 (i)
and common difference is -3 @
2
so only 16 positive terms
(iii)
Question 3 V3
(a) (1) (b)
1 dy _1 1
y:2$2:>%:$ 2 sin2x:§
(i) , 1
sinex = —
=n(z+1) = dy _ 1 3 v
v= de  z+1 z:%,zﬂ between 0 and =
(b) (c) sin®z > 1 when
! 1 T T
/ <x; + ) dx 4 4
1 T + 1
(d)
1 4 1
{2392 + In(x + 1)} ) sin?z > :
(44+1In5)—(2+1n2) ]
2
2+In5—1n2 17COS$>§

5 1
2+1n§ §>cosza:
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Question 6

(a)

(b)

(1)

o=

3

(ii) With AC=AB = r, length of arc BC

=To

—6.1

3

= 2mwem

(iii) Area of AABC

= %AB.AC’ sin a

1
_lge V3
2 2

=9V3

(iv) Area of sector ABC

L,
= —r‘a
2
1 T
=_—.6%=
2 3
= 6mem?
(i) Boundary is three times the answer from (a)(ii),
ie.
6m = 19cm  to nearest centimeter
(ii) Area =

9v/3 + 3(67 — 9v/3)
187 — 18V/3
18(m — V/3)

2 10 the nearest whole number

= 25cm

Question 7

(a)

(b)

(i) reflection in y=x

(ii) sketch showing mirror image about y=x

(i
(ii

)
)
)

stretch parallel to the y-axis, by a factor of 3

Let
y=3lnz
ey = 2°

3
xr = veYy

SO
f @) = e

(Note : The last line has swopped around the x
and y from the previous line. This is acceptable
because the expression on the penultimate line is
just expressing the relationship between two vari-
ables - we can choose what these two variables are
at will. The reason we swop the x and y around
1s that we can then draw the graph of the inverse
function on the same azxes as the original function.
If we kept it in its original form of x = /€Y, you
would need to graph it with © denoting the vertical
azis and y the horizontal)
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Pure Maths 2 - MAP2, 14 June 2002
Question 1

22+x—6
23 +222 -5z —6
x3+x2

z+1

(Sorry about the alignment for this question )

Question 2

(a)

(i) Using given data, can form
14.6 =a+ 13b
13=a+5b
Subtract (2) from (1)
1.6
1
therefore
a =146 —13(0.2)
a=12
(i)
p3 = a+bps

p3 = 12 + (0.2)(14.6)

= 14.92
(b) Set pry1 =pu
12
== =15
Pr="038
Question 3
Sketch
obvious discontinuity at x=2
oz 1
v= r—2 1- %
Asx — o0
y—1

y =1 and =z = 2 are the asymptotes
It goes thru (0,0)

Question 4

Volume

Question 5
(a) (i)
dy

dx

dy xcosx —sinz

dz

xr2

5
/ T sin 2z dx
0

- (-5)];

™

™ 1

(o)

s

" ® (cos2x
0 2

sin 2x
4

=5 (ov3) s

4 —1
16v/2

Question 6
(a) Radius

Coordinates of center

(—1

(b) Differentiate equation

dy

%Jr

2z + 2y

dy
2 — 6) ==
(2y —6) Ir

VTR = VIO

73)

dy
2 —6-= =
dx

=-2-2z

dfy_—2—2x

de

2y — 6

= zsec? z + tan 3z

jusy
8

0

0

)
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At x=2, y=4

dy -2-4

- s_¢ O

Equation of tangent

y—yo = —3(x — x0)

Question 7
(a)
PQ = 2rcosf
Height of triangle OPQ
rsind

Therefore area of OPQ

=rcosf.rsinf

=12 cosfsiné

r? sin 20
2
( Using sin260 = 2sinf cos6 )

(b) Area of AOPQ + area of sectors OAP and OBQ =

%x the area of a semi-circle

72 sin 26 726 172
T () =22
2 2 2 2

272 §in 20 + 4120 = wr?

2sin20 + 460 =7

f=4042sin20 —n

fl=444cosb

second approximation

4(0.5) + 2sin1

—0.5—
1 4+ 4co0s0.5
0.54134...
— 05— o0
o 6.16120...

r1 =0.412 to 3 d.p.

Question 8
(a)

cot? 6
1+ cot? 6

cos? 0

_ sin? 0

" sin2 @+cos2 9
sin2 6

cos? 6

sin® 6 + cos2

= cos? 0
(b) equation becomes
cos? @ = 2sin 260

cos? 6 =2 x 2sinf cos 6
cosf(cosf — 4sinf) =0
cosf =0 =6 =90°270°

cos —4sinf =0 = tanf = i = 0 =14°,194°
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Pure Maths 3 - MAP3, 20 June 2002

Question 1

(a)

r=1-t*= — =2t

(b) At t=3
@ _ 1

de 3
so gradient of normal at this point
=3

so equation of normal at t=3

y—6=3(x—(-8))

y=3r+24+6
y=3x+ 30
Question 2
(a)
4—zx A B

1—z)2+x) 1—z+2+m

4—r=A2+2z)+B(1—-x)

Compare coefficients of x

—-1=A-B
Let x =1
3=34A=A4=1
and
B=A+1=2
so required form is
1 2
1l—2z 2+«

(i)

Question 3

(a)

(b) differentiating equation

2v 2ydy
9 " 2ar 0

@_ 2x 25

dr — 92y

dy _ %

der 9y
Atz =2,y =43.73

dy _ 75
dr  +33.6

=+1.49

Question 4
(a)

1 _
§m0 = Mmope 28k

1
—28k __ *
€ 2

1
—28k =In—
8 n2

k = 0.024755(2)....

1= m06_0'024755(100)
mo = 62'4755
mgo = 11.9g
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Question 5 Question 7
(a) (a) (i) Two non-equal sides must add up to 2 = 10m.
dy 1 So if one side is z, the other will be 10 — z. So
de 2 A=z(10 — x)
/dey = /dm (i) A
Y o (10 — z) + z(—1)
— =x+c
3 =10 -2z
3
y=vV3z+D (b) from above At
b) When x=1, y = -1 10—
(b) y o =10-2z
—-1=vV3+D dA 1
* AL 0o
1-=34D dt 0.5
dA 1 m2s=1
D=-4 o
so particular solution is .
Y- 3 Question 8
(a)
Question 6 314t = 83 )
(a) (i) —2+4t = —1+3s (4)
f(z) = In(1 — 22) 143t = 242s (5)
1 (4) from (3)
f/(x):—2m 5=9—4s
1 4s =4
1 — _4
J'@) = =45 s =
F7(2) = —16 1 i put this into (3)
(1 22) 344t =8—1
(ii) 4t =4
f(0)=In(1)=0 t=1
, 1 so coordinates of intersection are
F(0) = =275 = =2
(7,2,4)
1 ]‘ P . . . .
17(0) = —4.@ =—4 This is consistent with both line equations
b .
f///(o) =16 L = —16 ( ) (1)
(1)3 4 1
SO 4 . 11 =0
2 3
In(1—22) =0— 22 — 42 — 162 3 —16
2! 3! 1 1
. _
In(1 — 2z) = —22 — 22°% — §x3 3 1. 11 | =0
2 —16
(b) (ii) The equation of a plane is
2
2306“:295(1—1—33—}—962—}—...) rn=d
. s where n is given from (b)(i) (and r = [x,y,2]T)
H2rt+ 2+ so equation becomes
50 g z+ 11y — 16z =d
2ze” + In(1 - 2z) = 2 + 22° + 2% — 22 — 227 — gm?) The point (3, —2,1) lies on the plane, so
——§x3 3—22-16=d=d=-35
© 3 Cartesian Equation is therefore
k:—§ r+1ly — 162 = —35
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Pure Maths 4 - MAP4, 14 June 2002

Question 1

-2 — 41
is also a root, being the complex conjugate of —2 + 44.

(—2 — 4i)(—2 + 4i)a = 80

(4 +16)a = 80
80
:—:4
“= 90

(Here I have used : product of roots = (—1)"C, where C is
the last (i.e. the constant term). I could also have used :
sum of terms = 0 (i.e. the coefficient of x2) )

putting x = 4 into the cubic

43 +4k—-80=0

4k =80 — 64
16
k=—=4
4

Question 2

i(a+1ib) +4=(2—1i)(a —1ib)
ia—b+4=2a—2ib—ia—0>
—b+4—2a+b=—2ib—ia—ia
4 —2a = —i(2a + 2b)

Comparing real parts

Comparing imaginary parts

20 +2b=0
44+2b=0
b= -2
Therefore
z2=2-2
Question 3
(a)
y =2V
Y= %.21’7% = :c*%
therefore
yQ — x—l
Now
ds _ 73
de -V

(b)

The surface area generated

3
S = 27r/ Qﬁﬁda:
0 dz

3
= 477/ Vz/1+ -t
0

3
:477/ V14 xdx
0

integrating the above

Njw

2
—drt
3

1,

8w
= S8 - (1)

{(1 + )

_ 56m
-3
Question 4
(a)
2
r= (\/3) +12=V4=2
S
0 = tan 576

SO

V3+i=2 (cos (—%) + i sin (—%))

\/g—i:2(cos%—isin%)

(V3+i)" —(V3-i)" =0

nwt .. nmw nwo ..
2"(cos——|—zsm—)—2"(cos——zsm—

6 6 6

nmw
2 (sisin™™) =0
isin 5
nmw
sin — =0
sin 5
n% =0,m,2m, 37, ...
nm = 0,6m, 127,187, ...
n=0,6,12,18, ...

n==06k k=0,1,2 ..

nm
6

) =0
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Question 5

(a) Argand Diagram

(b) (i) diameter (d) is given by

d?=42+922=90=d=+20

radius

20
=5 =V

center is at

541
i—i—z

2

(ii) equation of circle is

here

lz—(3—2i)| =5
lz—3+2i| =5

Question 6

Assume true for n=k - then if we add another term

k+1 1 k

|z — 20| = k

Question 7

(a)

/tanh_1 T dx

:/1.tanh_1 dx

zxtanh_lx—/ z dx

1— 22

1 -2
:xtanhflx—l—f/ x dx

2) 1—22

1
= ztanh™* +§ In(1 —2%) +¢

r=1

k

2 B e D - Bl BRI DGR T ID

T3+l BEr)Bk14)

k(3k + 4)

3k +4k+1
(3k + 1)(3k + 4)

@Bk 1)(k+1)
(3k + 1)(3k + 4)

T 3(k+1)+1

Check for n=1
1

Bk + 1)(3k+4) ' (3k+ 1)(3k + 4)

(3-2)3+1) 3+1

(i)

W=

J

1
tanh ™' 2 = [Jctanhl T+ 3 In (1 — xQ)}

/11 1

1 1+1 1
—.—1In +? + —-In §
32 1—3 2 9

1 1 1

1
= 61n2+%1n271n3

= §1n2—1n3

ol

0
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Pure Maths 5 - MAPS5, 30 May 2002

Question 1

1 27
Area = f/ r? df
2 /o

27 2
= 1/ (asin19> do
2 Jo 2
2 2
:flﬂ/ <$n216>d9
2 Jo 2
B CLZ/QT&'
=5,

a2
4

(1 — cos0)de

N |~

[0 — sing]2"

(12 a27r

=S en -0y =4"

Question 2

Question 3
(a)

cosf =

sinf =

Sl 3|8

r=2cosf —4sinf

r=2% _4Y
r r
r? =2z — 4y

since 12 = 22 + y2
w2y =20 — 4y
(ii) equation can be converted to
(z—1°+(y+2)°=5

this has center (1,-2) and radius v/5

10

Question 4
(a)

sin 0

vV cos

Let x = cos#, % = —sinf

dr 1

1
=— | —d
/ﬁ )
=-2Vx+c
= —2+/cosz + ¢

(b) (i) Denominator becomes zero when = 7

(if)

do

z
2

3 sinf
———df = |—2V/cosO
0o Vcosf [ o8 }

= (0) - (-2) =2

0

Question 5
(a) Auxiliary Equation
m24+4=0
m?=—4=m==%2
Complementary Function

y = Acos2x + Bsin2x

Particular Integral

Try
y=Csinz + D cosx
y' = Ccosx — Dsinx
1

y' =—Csin x — Dcosx

Insert into D.E.
—C'sinxz — Dcosz + 4C'sinx 4+ 4D cosx = 6 cosx
Comparing coefficients of sin z
—-C+4C=0=C=0
Comparing coeflicients of cos z
—D+4D =6

3D=6=>D=2

PI is then
Yy =2cosx

General Solution

y = Acos2zx + Bsin2x + 2cos
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(b) (i) Let

(b)
Yy = Axsin 2z o
ecoswfl _ 677+2—
y' = Az.2cos 2z + Asin 2z
2
= A\(2x. cos 2 + sin 2x) 2t <_% +
=ttt a)
y" = M2x(—2sin2z) + 2 cos 2z + 2 cos 2x)
2 4 4
Insert into D.E. - T
—4)\x sin x42\ cos 2z+2) cos 2z+4Ax sin 22 = 6 cos 2z 1_ :1672 n 3374
2 6
Comparing coefficients of cos 2z

20+2X =6
AN=06
A=2
2

(ii) General Solution
. 3 .
y = Acos2x + Bsin 2z + 5xs1n2x

Question 6
(a)
Y1.1 ~ Yoo +2(0.1)(0.5)

Y1.1 — Yo.9 = 0.1

Y1.1 = 2y1 — Yo.9 + (0_1)2ec0s1cosl

Y11+ Yoo =2+ (0.1)26003113031
y1.1 + Yo.9 ~ 2.01339(0)....
(ii) Adding (6) and (7)

211 ~ 2.11339(0)...

1
yr1 & 5 (211330(0)...) = 1.057 (t0 3 d.p.)

Yo~ 2y11 —y1 + APy,
Y12 R~ 2(1057) — 1+ (0.1)26COS 1.1cos 1.057

~ 1.126 (to 3 d.p.)

Question 7

(a)

z? ozt
cosx—1:<1—2!+4!)—1

2 2t
2 * 24

(¢) As sin® z ~ 22 for very small angles

1— e(cos z—1)
lim —5
z—0 sin® x
z? z*

= lim -2 5 6
x—0 X

11
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Pure Maths 6 - MAPG6, 30 May 2002  Question 5
(a)

Question 1

—2
(a) b—a= 3
i j k | -1 ]
axb=|3 1 4 1
1 2 -1 c—a=| —2
=i(~1-8) —j(—3—4) + k(6 1) L 1]
= —9i+7j+ 5k i j k
(b—a)x(c—a)=| -2 3 -1
L < 1 -2 1
(able=| 7 |.| 1|=-7247465=0 =i(3-2)—j(-2+1) + k(4 -3)
5 13 —i+j+k
(b) coplanar (or linearly dependent) (b) Area of triangle
1
Question 2 l(b—2a) X (e =)
1 1
(a) M? can only be calculated for a square matrix =3V 12412412 = 5\/§

(b) ()

Question 6

M(M — 6I) = M? — 6IM = M? — 6M = 5I (@)
a

(i) |A| = 3(—a—10) — 1(2a — 5) + 8(4 — (—1))

M(M — 6I) = 51 = —3a—30 —2a+5+40

M 'M(M — 6I) = M~ '51 =15—5a
(M —6I) = 5M " (b) M is singular when
M1 = a0 15—5a =0
5 5
5a = 15
Question 3 a=3

(a) A - shear parallel to the y-axis. (Produce example (c) (i) when a =2
using an arbitrary point to show displacement of 3 units

i1 vodirecti 3 1 8
in y-direction) M=l2 -1 5
B rotation of 45° about the x-axis 1 2 2
(b) A y-axis B x-axis -12 1 5
C= 14 -2 -5
. 13 1 =5
Question 4
—-12 14 13
(a) ¢ x r = 0 implies that c is a line parallel to r. The CcT = 1 -2 1
locus of P is therefore a straight line through the origin, 5 —5 —§
parallel to c. and M| = 15— 5(2) = 5
(b) 1 —12 14 13
(r—a)xb=0 M =_ 1 -2 1
5 5 -5 -5
where b can be derived from the denominators. i.e. i)
ii
2
3 Mx =b
4 x=M"'b
and a could be derived from the numbers in the numer- = 1 _? _1;1 1? 2
ator, l.e. 5 .5 _5 9
1 -10 -2
-1 = % 5 | = 1
5 5 1
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Question 7

(@) (1)

3-) -1
4 —2- X
(B=MN(=2-A)+4=0
—6 -3\ +22+ 2\ +4=0
M-A-2=0
A+1)(A=2)=0
A=-1,2
(ii) For A= —1

For A =2

13
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Mechanics 1 - MAM1, 23 May 2002

Question 1
(a)

v? = u® 4 2gs

v? =0+ 2(9.8)(22.5)
v =441 = 21ms~*

V— U 21

98 5

a

(c¢) Appropriate straight line, starting from origin

(d) Ignored air resistance, treated as particle

Question 2

(a) Conservation of Momentum

o3 1] =0s[ 1] vos 3]

HEHEHE
(b) Speed of A (v) is given by

v? = (=3)*+ (4)* = v = 5ms™*
(c) Speed of B = 6ms~1! so this is the fastest

Question 3

(a) Distance traveled during period of constant speed =
60m

Distance during deceleration is derived from

v? = u? + 2as

0=3%+2(-0.2)s

9
)
= 04 g

Total Distance = 60 + 22.5 = 82.5m

(b) time to decelerate to 0 ms—!

v—u -3
t = = — = 1
o T oz
Total time = 20 4+ 15 = 35s
(c) Average Speed
_ Distance  82.5 — 9 36ms~

Time 35

14

Question 4

(a)

t+1 12
S=U —Q
2

1
0 = (20sin 53)t + 5(—9.8)1t2

t(20sin53 —4.9¢t) =0
giving t=0 or
4.9t = 20sin 53
20sin 53
T 49
= 3.26s

(Alternatively, you could the symmetry of the situation
and use the method below, although it is not as mathe-
matically elegant )

Vertical velocity
= 20sin 53

Time to reach max height is given by

v—u —20sin53

1.
a 98 635

t =

By symmetry, required time to reach X

=1.63 x 2 = 3.26s

(b) Distance OX
= 20cos 53 x 3.26

=39.2m
(¢) (i) Least Speed

=20cosb3 = 12.0ms™ ! to 3 sig. figs

(ii) Horizontal

Question 5

(a) Reaction R at A = 0.5g.
Friction

el

2
= ZR=2(0.59) = 14N
- - 9)

(b) Resolving vertically
029 —T =0.2a (8)
Resolving horizontally
T-14=05a (9)
Adding (8) and (9)
0.2g — 1.4 = 0.7a

02914

07 =0.8ms~ !
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(c¢) From (8)
1.96 — T = 0.2(0.8)

T =1.96—0.16
=18N
(d)
s=ut + 1at2
2

1
0.625 = 5(0.8)7:2
,  0.625

t“ = —— = 0.1562
0.4 5625
t =1.25s
Question 6
(a)
x 50
sin10 ~ sin50
50sin 10
= — =11. -1
sin 50 Skmh

(b) (i) Northerly component
=50cos 10 = 49.2kmh ™"
(i)

R 50
sin120 ~ sin50
_ o020 e o kmh
sin 50

The question is tmplying that you add the result
from b(i) to 11.3cos 50, but I would suggest the
method above is better

Question 7

(a)
{%Mﬁ
=515

(b)
=a=[s]

From F' = ma

(¢) (i) Additional force implies addditional acceleration,

thus
0 2
S

Resultant acceleration (at t=>5)

Lol la] =[]

(ii) Integrating

gives

When t=5,

4t
VvV = t2 +c
| 20 n
VvV = 25 C

From (a), at t=5

SO

When t=10,

15
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Mechanics 2 - MAMZ2, 18 June 2002

Question 1

(a) Diagram showing R and S as the two upward forces at
C and D respectively

(b) Resolving vertically
R+ S =60g+ 10g = 70¢g
Taking moments about C

609(0.5) + 10g(1) = S(2)

309 + 10g = 25
S =20g
R = 50g
Question 2
(a)
8 47
W= =G = 1
(b) From v = rw

075 x 15
o 47

€l

= 0.90m to 2 sig figs

47 s
= = = 0.75 —_— = —
a4 =Trw=1w X G 5

(This method avoids any rounding error)

Question 3

(a) Diagram showing

force of 1960N downwards parallel to the slope
the weight W of 1200g

the reaction N perpendicular to the slope

and the tractive force Fr up the slope and parallel
to it

(b) (i) When velocity is constant
Fr = 1960 4 1200g sin 5°
= 2984.95 ~ 2985N
(i)
P=Fv
= 2985 x 15
= 44775W

(c) If the tractive force remains the same as in (b)(i)

P 60 x 103
maxr — T = =20.1 -1
v F 2085 0-1ms

16

Question 4

Diagram with two masses A and B both of mass m. Take
rightwards as positive.

For A,
e initial velocity = U to the right

e final velocity V4 to the right
For B

e initial velocity 3U to the left

e final velocity Vg to the right
(a)

(i) Conservation of Momentum

U-3U=Va+Vp

Va+ Ve =-2U (10)
Coefficient of Restitution
eBU+U)=Vp—Va
Vg —Va=4Ue (11)

Adding (10) and (11)
2Vp = —2U 4+ 4Ue

VB = U(2€ - 1)
and from(10)

Vi=—2U—-U(2 —1)

=-U(2+2—-1)
=—-U(1+2e)
i.e. V4 has magnitude U(1 4+ 2¢) (to the left)
(ii)
-U(1+2e)U(2e —1) >0
—U?(2e — 14 4e? —2¢) >0
~U?(4e* —1) >0
4e* —1<0
4e* < 1
1

2
e” < -
4

o] < »
ol
2

(b)

(i) Impulse = Momentum of B after - Momentum of

B before

I =mU(2e —1) —m(-3U)
=2mUe —mU + 3mU
=2mUe + 2mU
=2mU(e+1)

(ii) When perfectly elastic (e=1)

Impulse = 4mU
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Question 5

(a) When t = %
(b) From (a)
S0

v:[ —cos2t}+c

When t = 0,v = [0 3]T

1
o[
v — 1 — cos2t
V=1 3-0.75sin4t
(c) When t = %
1
V=13
now
P=Fv
4 1
16173
=4+ 18 = 22W

Question 6

(a)

1 1
mgh + §mv2 = §mu2

2

1 1 Tgr

1— 2=z =
gr(1 —cosf) + 50 =5 (\/ 5 )

where 6 is the angle between B and the skater

1, 1[7gr 3
—v'==(——)—9gr| =
2 2\ 2 2

Tgr gr
2

= —_-— 3 = —
v > qgr 5

gr
V==

2

2

N + mgcos 60 = my_
r

N mg
r.2 2

N=0

since reaction = zero, this implies contact is about to
be lost
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Mechanics 3 - MAMS3, 24 June 2002

Question 1
(a) Diagram showing

— Weight 12g
— horizontal force T, the tension in the bar

— the reaction R in arbitrary direction from A

(b) Taking moments about A

W sin 30(0.75) = T cos 30(0.5)

129 <;> (0.75) = T?(O.B)
9 V3
9= 1
_ 189 _
T = 7 6V3g N

Question 2

(a) (i) A constant couple implies a constant acceleration
(or deceleration). Since the gradient of % repre-
sents the acceleration, this line will be a straight

line.

(i)

. 0 —6;
0= t 100

0—20m _ —gmd 572

(iii)

Oror = Lf _2|— 0:) X t

04207
2
= 10007

x 100

T=1I0
where T is the torque/couple
™
10r =1 (_g)
I =50kgm?
(ii) KE initially ,
= 5192

(50)(207)?

(50)4007>

= 1000072.J
which is the loss in KE

18

Question 3
(a) horizontal in direction BA
(b) Resolving at C, in a vertical direction
Topcos60 =2
Tep = AN
which is in tension
(¢) (i) Resolving vertically over the whole system
Fpp =2
(ii) Taking moments about A
Fp_(1cos60) =2 x 2(1sin60)

4 sin 60
Fp_, =

b cos 60
= 8sin 60 = 4v/3N

Question 4

(a) (i) Resolving vertically upwards
2cos 30 — 4 cos 30
V3

_9o¥Y*<
2

V3

Resolving horizontally, to the right

3+ 1+ 2cos60 — 4 cos 60

4—-2x =
3
Resultant R is given by

R?=(V3)?2+32=12
R=V12=2V3 N

(ii) Resultant is in direction 6 given by

-3 1

tan~! 0 = = ——

33

6 = —30°, i.e. 30 degrees from horizontal

(b) (i) Force required is of same magnitude as resultant

found in (a), but in directly opposite direction

(ii) Taking moments about O, clockwise
3 x (1cos30) + 4(cos30 x 1)

= 7cos 30
T3
2

so couple applied is of this magnitude, but
counter-clockwise
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Question 5

(a)
Mass

Cylinder  p x ma? x 2a
Hemisphere kp x % X 47a®

33

=kp x 3ma

Total mass

C of
from O
a

2a + %a

= (p x ma® x 2a) + (kp X ;Wa3>

pra’ <2 + 4k>

6

3
T 2+ —
pCL< 3)

Mz = me

Now

2k
pmad (2 + 3> T =2mpa* + kp (

2
<2+;)x:2a+k’(

1
3

T =

(24a 4 19ka)

4(6 + 2k)

(24a + 19ka)
4(6 + 2k)

> 2a

19
12¢

)

1
—(6+2k)z = E<24a + 19ka)

24a + 19ka > 2a x 4(6 + 2k)
24 4+ 19k > 8(6 + 2k)
24 + 19k > 48 + 16k
3k > 24
k>38

Question 6

(a) Consider an element with length dz at a distance z

from one end

The mass of element = pdx (where p is the density per

unit length)

M of I of element about one end = z2péx

Therefore, M of T of rod is given by

2a
I:p/ 2dx
0

3

—pa

Since mass (m) of the rod = 2ap

4

I=-ma

3

2

(b) Using formula above

4

_ 2
G Moment of 1= g(Sm)a
Cof G
27 pat 32ma?
kp (%77@4) 3
(¢) By modelling powder as a particle, we can use
I=mr?
= (8m) x (2a)?
= 32ma®
(d) Initial angular momentum
32ma?
= Wi
3
Final angular momentum
19
2" = 32ma’wy

Using Conservation of Angular Momentum

32ma?
Z)m w; = 32ma’w;
wj
wp = —
773

19
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Mechanics 4 - MAMA4, 26 June 2002

Question 1
(a) (i)

dv
= = kt® + 10t
at +

/dv = /(kt2 + 10t).dt

kt3  10t2
V= —

3t T
At t=0, v=0

0=c
therefore

kt?

= +5t°
v 3 +

(i) At t=2,v =25 ms!

8
25=-k+20
3 +

5
Z(8) - (0)

Question 2

(a) Rate of change of momentum in transverse direction is
Z€ero

24\ _
dt(re)*o
20 =a
. a
92772

(b)
mr—mr@QZ—k—T
r
a\2 k
T_r(ﬁ) r2
,,_a2 k
=T e

(¢) Multiply expression from (b) by 7

. .ad® Lk
rr = Tﬁ —Tﬁ
Integrating
a2
/rrdt: ngr—/—zdr
Lia o + -+
—7 ——+ —+4c
2 2r2
When r = %,7‘ = %
1/ k\> a2k? +k2+
- =] = c
2 \ 2a 2(a?)? 2
e k(1 L1 o 3k?
“Ta2\g T2 T Ra?
SO

Question 3

Here we are dealing with ballistic rockets

(a)
.. GM
T
6.7 x 1071 x 6.0 x 104
= — 1,2
4.02 x 1014
= ——)MmMSs
l.2
(b)

’Uf =
dxz 2

d
/ vdv = —4.02 x 10" / =
x

1, 4.02x10"
e
2 T
When 2 = 6.4 x 105, v = u

dv 4.02 x 104

1, 4.02 x 1014 N
U =———"+c
2 6.4 x 106

1, 4.02x10™
C=-Uu" — —/——————
2 6.4 x 106

expression becomes

1, 402x10% 1,
_ = " 4} Tyt -
x 2 6.4 x 106

Inserting z = (2 x 10° + 6.4 x 10%) and v = 0

4.02x 10" 1

_ 1,2 402x10M
8.4 %106 ' 2

6.4 x 106

u="547 x 10° ms~!

4.02 x 1014

20
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Question 4

T=Mx
2mg
mg:T
l
==
2

which is the equilibrium extension

mg—T—2mv\/€:mj§
2mg l . /g ..
- = — _2 —_ =
mg ] <x+2) mx\/; mI
2
i+2ﬁa’c+ﬁm—0

(c) Auxiliary Equation

2
m2+2ﬁm+f:0

which has roots

—2/T = \/2yD2-4(%)
2
s Vi
l 2
_\ﬁii\ﬁ

so General Solution is

T = e_\/% (Asin ﬁt + B cos ﬁt)

Whent:07x:%

differentiating

T = e*\/T?t gA cos gt - gB sin gt
l l l l
+ <A sin \/515 + B cos ﬁt) <ﬁeﬁt)

When t =0, & =0

e (i)
=i ()

A==
2

Particular Solution is

xr = e*\/?té <sin ﬁt + cos ﬁt)

Question 5

(a)

Given that % =Ar

=3mA

(b) Rate of change of momentum = Force

%(mv)_mg
o dm_
" T ™

J o=/

1
In(g — =t+
Y n(g—3\w)=t+c

When t=0, v=u

1
——1 — =
) n(g —3\u) =c¢

expression becomes

L

1
™ In(g — 3 ) =t — —In(g — 3\u)

3

In(g — 3\v) = =3Xt + In(g — 3\u)

g— 3\ = 6(73)\t+1n(g73)\u))

3\ = g— 6—3)\t61n(g—3)\u)

. 9 e 3N (g — 3)\u)

3\ 3\
(d) Last term above
(g — 3 \u)
= 3\e3At
Ast — oo, €3 — oo and whole term — 0, so
v=2
3\

ast — o0

21



