A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

STATICS — EQUILIBRIUM OF RIGID BODIES

1m
R R
A f ' ? ’ B
C D
69
2.5m
Moments about A : M1
Ri+25R=12g @ Al Al
Resolving vertically: M1
R+ R, =69 @ Al
®-@: 15R =69 M1 (solving)
R =49 Al
R =2g Al
[8]
P
R 1R
A fra ’ ¥
c D
w
Losing contactat & R; =0 B1
Taking moments about D : M1
LW=LP
W=pP Al
[3]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

STATICS — EQUILIBRIUM OF RIGID BODIES

3. a.) R X
.
10g mg 20g
Moments about pivot M1
10gx 1.5 =20gx (1.5-x) Al
X =0.75m Al
3
R 3]
> ! !
20g mg 10g
Moments about pivot M1
20gx 1.2 =mgx 0.3 + 10gx 1.8 Al Al
20kg =m Al
[4]
¢) Children can be modelled as patrticles B1 (either)
Plank can be modelled as a rod

[1]

A B
i pivot * ;
49 0.5¢g g
X m
Taking moments about pivot: M1
0.2x 49 =0.3x 0.5g + (x—0.2x g Al Al
X =0.85m Al

[4]

Page 2



A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

STATICS — EQUILIBRIUM OF RIGID BODIES

R7 R,

./
A o ¢ 60°
w

Moments about A :
WL = R,2Lsin30
W=R

Moments about B :
WL = R2Lsin60

iW:R1

NE]

M1
Al

M1
Al

[4]

Resolving horizontally :
T1c0s30 = Bcos60
Tlﬁ = Tgl

2 2

Tl\/§=T2 ®

Resolving vertically :
T1sin30 + £sin60 = W

1_ 3 ®

b JRLE VY,
2t 2 ¢

3

® and® = %Tl +73T1\/§ =W

2T =W
T1: W

N[

Moments about B :
(L — X)W = LT;sin30

L—xW=Liw
L—x=1L

X==2L

Ao »

M1
Al

Al

M1

Al

M1
Al

M1 (substituting T)

Al c.a.o.

[9]
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B
N
R
w A
4 9
F
Resolving M1
vertically : R + Ncog =W @ Al
horizontally : F = Nsifi @ Al
Moments about A : M1
W x 3Lco® = Nx 4L ® Al
1
1
V99
co9f = @
10
®:>N=§ —@: VO B1
4 10 40
Substituting in®d : R =W- YO —@ M1
40 10
R = 10W AL
400
®:>in 3VIW _ 3VI9wW B1
10 40 400
Using F =pR: M1
3Vo9wW _ 103W
400 400
3WV99 _
103
p =0.290 (3S.F.) Al
[11]
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VA, | oL

W 7
-
F

Taking moments about the foot of the ladder:
WLcod + 4W x 2L co® = Rx 2Lsind
sing = 4

R=£W
8

Resolving horizontally and vertically:
F=Rand N=5W

F=£W
8

In order for ladder not to slip £uN
so we need E 4W

- Since F =§W < 4W builder can reach top

b) Assuming he reaches the top with the bricks
moments about foot give R %:—%W

=%%W>4W

.. Ladder would slip-. cannot reach the top safely

M1
Al

Al c.a.o.

M1

Al

M1
Al

Al ft.
[8]

M1
M1 A1l

M1

Al
[5]
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2L

W 6@
-
F

Taking moments about the base of ladder
W x L cos6@ — Rx 2L sin6@ = 0
W

23

b) Resolving gives
N=W

F=r="
23

F<uN
Min p =

1
2.3

¢) Ladder can be modelled as a rod.

M1
Al

Al
[3]

M1
Al

Al ft
M1
Al
[5]

Bl
[1]
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10.

Moments about A
= W x xco® = Rx 3sirb
cod = ¢

Wx

R=—
4

Resolving horizontally and vertically
F=R
N=W

Limiting equilibrium .. F =puN
= WX 6w
4
Xx=2.4
Centre of mass 2.4 m from A.

M1
Al

Al

M1
Al

M1

Al

[7]
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11. _R
2L
N
now
F+W
Taking moments about the foot of the ladder M1
10 Wx L cosO = Rx 2L sird 0) Al
Resolving vertically and horizontally M1
F+W=R @ and N=10W ® Al Al
Limiting equilibrium .. F =puN = F = 0.2x 10W = 2W Bl
®=>R=3W
Substituting intaD : 10WL co$ = 6 WL sirf M1
10 Al (solving)
— =tanb
6
59.00 =6 Al c.a.o.
[9]
12.
Resolving parallel to plank :;E Wsin30 M1 Al
Moments about D : M1
LWcos30 = 2LR Al
Fi1=puR; M1
Wsin30 :Mw M1
2tan30 =u Al
2
~=n Al
V3

[8]
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F

10g
-
Fi
Moments about foot of ladder
L10gco$ = 2LF,co9¥ + 2LR:sind
5gco® = Fcod + Rsih @
Resolving
horizontally: R=F @
vertically: R+ Ry =10g ®
Friction limiting= F, = R, O]
F2 = l,Lsz ®
Eliminating i, F :
® = 5gco$ = R,c09 + Rsind (1)
@ = Rz = HlRl (”)
® = R+ R, =10g D)
(I and (Ill) = pauR1+ Ry = 10g
Rl = 1(b
1+ pahp
hence B:lcg—ul
1+,
Substituting in (1) :
5gco® = 100H:H2 g 4 101 Ging
1+p, 1+ ks,

T+pp, 1+,
X (L +pipa): 1 +pape = 2uapp + 2uitard

T-mks _ o
2,

M1
Al

M1
Al
Al
B1

M1
Al
Al
Al

M1 (R, or R)

M1

M1 (simplifying)

Al c.a.o.

[14]
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