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Mechanics 2 Solution Bank @Pearson
Exercise 6A

1 Suppose that the rod has length 2a.

2aT =80x acos30°

NG

2T =80x—
2

T =203

=346 N

Taking moments about A: \ §
7

R(>), F=Tsin30°=104/3=173N
R(T), T cos30°+ R =80

W3

R =80—20+/3 x ;
~50N

In order for the rod to remain in equilibrium, we must have F' < uR:
1083 < x50

>10\/§

=

50

B3

>
# 5

s.minimum g =0.35 (2 s.f))

2 Let 4 be the end of the ladder on the ground.
Let F be the frictional force at A.

a Taking moments about A:
10g x2.5c0865° =8 x5sin 65°

g 25gc0s65°
5sin 65°
__ g
~ tan 65°
=22.8N

b R(>), F=5=228N

R(T), R=10g=98N

¢ To ensure ladder remains in equilibrium, we must have
F < uR

22.8 < ux98
1> 0233 (3s.£)
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2 d The weight is shown as acting through the midpoint of the ladder because of the assumption that
the ladder is uniform.

3 Let the ladder have length 2a, and be inclined
at @ to the horizontal.

a R(T), R=30g
Taking moments about 4:
20gxacos@+ Fx2asinf = Rx2acosf
20gcos@+2Fsind =60gcos@ (using R=30g)
2F sin@ =40g cos @
20g
tan &
The ladder is on the point of slipping, so F' = uR
20g 3

==x30
tand 4 &
4_ 8§

) _2.4_8
c.tan@ = 3 X 379 R is the normal reaction at B,

S.0=41.6° F 1s the frictional force at B.

F =

N is the normal reaction at 4,

b R(1), R=30g

R(—), N-F=0 |
N=F ;!%N e \ .

Taking moments about B:
20gxacos@ =N x2asind

20gxacos@ = F x2asinf 2Wg

Fe 10g cos@

sin @ H
Fe 10g
tan 6
The ladder is on the point of slipping, so F = uR

¢ The assumption that the wall is smooth means there is no friction between the ladder and the wall.
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4 a Suppose that the boy reaches the point B, a distance x from 4,
whilst the end of the ladder is still in contact with the ground.

R(—), F=N

R(T) R=50g

b

Taking moments about A:

20g x4cos@+30gxxcosd =N x8sinf
80g +30gx =8N tan @

N = 80g +30gx
8tan
N = W (since tan @ =2)
F:M (since F = N)
16
R= W (in limiting equilibrium)
0.3x50g _ 80g +30gx
16
240=80+30x
X = 5l m
3

b i The ladder may not be uniform.

ii There would be friction between the ladder and the wall.
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5 Let:
S be the normal reaction of the rail on the pole at C,
R be the normal reaction of the ground on the pole at 4,
F be the friction between the pole and the ground at 4.
& be the angle between the pole and the ground.

From the diagram,

. 2 J9—4
s = — =— and hence cosez%:g

45

a Taking moments about A:
4.558 =4x3cosf

1245

3
=45
85

9

S

b R(>)
F=Ssin@

8J5 2
= —X —

9 3

1645

27

R(7)

R+Scosf=4

&J5 5

X —

3

R=4-

40
27
_ 68
27
Pole is in limiting equilibrium, so F' = yR
165 68
Y x—
27 27
_16v5
TN
a3
17
=0.526 (3 s.f)

¢ The assumption that the rail is smooth means there is no friction between the rail and the pole.
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6 Suppose that the ladder has length 2a and weight W.
Let:

S be the normal reaction of the wall on the ladder,

R be the normal reaction of the floor on the ladder,

F be the friction between the floor and the ladder.

X be the point where the lines of action of # and S meet.

Taking moments about X:
2asin@x F = Rxacosl

2Fsin@ = Rcosd (1)

The ladder is in limiting equilibrium, so £ = uR

Substituting F = 4R in (1):
2uRsinéd = RcosO
2usin@ =cosd

2usinf 1
cos@
2utand =1
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7 Let:
N be the normal reaction of the drum on the ladder at
Qbe the normal reaction of the ground on the ladder : .
?«f gle the friction between the ground and the ladder 1 {sm
at 4. / 25°

Taking moments about A:
20gx3.5c0835°=5N

20g x3.5c0s35°
5
=14gcos35°

N =

R(7)
Ncos35°+R=20g
R=20g—-14gcos35°xcos35°

=103.9...N
R(=)
F = Nsin35°
=14gcos35°xsin35°
=604.46...N

F < yR to maintain equilibrium:
14g cos35°sin35° < 1(20g —14g cos” 35°)
14cos35°sin35°
= T Aco
20—-14cos" 35
1>0.620 (3 s.f)
Least possible z 1s 0.620 (3 s.f)
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8 Let:
R be the reaction of the ground on the ladder
F be the friction between the ground and the ladder
S be the reaction of the wall on the ladder
G be the friction between the wall and the ladder.
X be the point where the lines of action R and S meet.

Suppose that the ladder has length 2a and weight W.

As the ladder rests in limiting equilibrium, ¥ = g R and G= g S.

Taking moments about X:
W xacos@=F x2asin@+Gx2acost

W =2Ftan8+2G (1)

R(—), F=S
R(T), W=R+G

Substituting for W and F in equation (1):

R+G=2uRtan0+2G
R-G=2uRtan0
R—p,R=2uRtan 6 (Since G = 1,S = i, F = p, 14, R
l_luhuz
2p

Hence =tan @
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9 Let:
A and B be the ends of the ladder.
P be the normal reaction of the wall on the ladder at B,
R the normal reaction of the ground on the ladder at 4
F be the friction at between the ladder and the ground at 4

Let the length of the ladder be 2a.

a Taking moments about 4.
W xacos60°= Px2acos30°

P_Wacos60°
2acos30°
W xi
P= 2
2x§
w
P=—— @))]
23
b R(T), R=w Q)
R(—>), F=P 3)

Now F < R since the ladder is in equilibrium (if not, ladder would slide)

Hence, P < uR (by(3))

w
—< by (1
2\/§<ﬂR (by (1))

w
ﬁg uw - (by (2))

NG

2_
=7
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9 ¢ Let:
R'be the normal reaction of the ground on the ladder at 4

P’ be the normal reaction of the wall on the ladder at B,
! be the length of the ladder

Since the ladder is in limiting equilibrium, F''= uR'
R (T) , R'=W+w
R(—=), wR'=P'

Taking moments about B:

WIeosOU , (P'xisin60') = (R'x1cos 60°)

w ( ,ﬁ} R
—+| UR x— :7

4 2

?{f ﬁjzmw ( ﬁ}

—3(W+w)><— since R'=W+wand y=—
5 2 2 5

W+g(W+w):2(W+w)

SW+6W +6w=10W +10w
W =4w

w
> w=—
4
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10 Let:
T be the normal force of the peg on the rod at P,

G be the frictional force at P, y
S be the normal force of the peg on the rod at O,
F be the frictional force at Q.

20¢m

a Taking moments about P:
Sx40=20x25xcos30°

_20x25x8
40

s 2V
4
Taking moments about Q:

Tx40=20x15xcos30°

30cm

S

T=2O><15><§
40
ro15V3
4
b R(\)
G+F =20c0s60°=10 1

Since the rod is about to slip, friction is limiting and hence G = uT', F'= uS.
From part a,

4043

G+F=uT+uS=ux =10\31 (2)

(1)=(2):>/1=%
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11 a Let:
S be the normal reaction of the wall on the ladder at Y,
R be the normal reaction of the ground on the ladder at X
F be the friction at between the ladder and the ground at X

tand=+/3 so Sinﬁzg and cosH:%

Ladder is in equilibrium.
Taking moments about X:

OWN
Wicos o +9Wlicos@ = Slsin@
W oW _\3S
4 2 2 AN
\/§S=K+9W
2 PN ‘
X F=02RN
\/§Szl9_W
2
o _low

23

b R(T):R=W+9W=10W
For the ladder to be in limiting equilibrium,

F=uRrR
leXIOW
5
F=2W
R(—):

If P+ F > §, ladder will slide towards and up the wall
If P < §—F, ladder will slide away from and down the wall
Therefore S—-F<P<S+F

Substituting values for S & F from part a and above:

B o <p<2% ow

23 23

[i_zngpg(£+z]w
23 243
¢ Modelling the ladder as uniform allows us to assume the weight acts through the midpoint.

d i The reaction of the wall on the ladder will decrease. To understand why, consider how we took
moments about X in part a

Wicos6 +9WIlcos@ = Slsin @

The first term in this equation is the turning moment of the weight of the ladder, which acts at a

distance é from X. If the centre of mass of the ladder is more towards X, say L where a > 2,
a

then this first term would decrease and hence S would also decrease.
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11d ii Ladder remains in equilibrium when S—F < P < S+ F
If S were to decrease, then this range of values for P would also decrease
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