A uniform ladder rests against a rough wall so that it makes an angle of 60.0 degrees with the ground.
the ladder is 10.0m long and weighs 150N. How far can a 250N man go before the ladder slips? The
coefficient of friction between the ladder and the ground is 0.400; between the ladder and the wall is
0.450.

Solution:

U1 = 0.400 — coefficient of friction between the ladder and the ground ;

Uz = 0.450 — coefficient of friction between the ladder and the wall;

a = 60° — angle which ladder makes with the ground

N, — reaction force from the ground

N, — reaction force from the wall

P; = 150N — weight of the ladder

P, = 250N — weight of the man

L =10.0m — length of the ladder
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We will consider the extreme case when the person is standing at a maximum distance d from
the beginning of the ladder.

Newton's second law for the ladder (the first law of equilibrium):
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Frei + Fyrg + PL+ P, + N, + N, = 0
Projection of the law on the X-axis:
X N2 - Fle = 0 (1)

Projection of the law on the X-axis:

YiNy + Fprp =Py =P, =0 (2)
Law of dry friction:

Frrg = paNq (3)
Frrp = U N, 4)

(3)and(4)in (1)and (2):
B)—-> (:N; —yN; =0
N,
T
(4) > (2):Ny + N, =P, —P, =0

N, (5)

N.
(5)—’(6)5#_2 + pN; =Py —P, =0
1

_ ua(Py+P;) 0400 - (150N + 250N)
27 14 wpu, 14 0.400-0.450

Fra = j1N, = 0.450 - 135.6N = 61.02N

= 135.6N

Momentum equation for point A (the second law of equilibrium):
A:MP1+MP2+MfT2+MN2 =0 (6)

(My, = Mgy = 0, because moment arm of this forces is zero)

L
Mp, = —P; ‘5 cosa (minus sign because of the direction of force)

Mp, = —P,-dcosa
Mgy = Fppp s Lcosa
MN2 = N2 'LSlnCZ

- (6):
) L
FfTZ-Lcosa+N2-Lsma—Pz-dcosa—Pl-Ecosaz0

FfrZ-Lcosa+N2-Lsina—P1-%cosa

P, cosa

61.02N - 10m - 1 + 135.6N - 10m - Y3 — 150y - 107 1
- : : 2_2_gg35m
250N - 0.5



http://www.AssignmentExpert.com

Answer: man can go up the stairs a distance of d = 8.835m before the ladder slips.
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