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Chapter 7 : Applications of Friction m 113

Consider a ladder AB resting on the rough ground.and leaning against a wall, as shown in
' Fig.7.1.

As the upper end of the ladder tends to slip downwards, F”1
therefore the direction of the force of friction between the Iuddelr and
the wall (F,,) will be upwards as shown in the figure, Similarly, as the

~ Jower end of the ladder tends to slip away from the wall, therefore the
direction of the force of friction between the ladder and the floor (F)
will be towards the wall as shown in the figure, . 4 ’
Since the system is in equilibrium, therefore the algebraic sum

of the horizontal and vertical components of the forces must also be - R ’
4

equal to Zero.

Note: The normal reaction at the floor (R) will act perpendicular Flg- 71, adger fritan
of the floor. Similarly, normal reaction of the wall (R,) will also act
perpendicular to the wall.

Example 7.1. A uniform ladder of length 3.25m and weighing 250 N is placed agai}lsfé
smooth vertical wall with its lower end 1.25 m from the wall. The coefficient of friction between the

ladder and floor is 0.3.
What is the frictional force acting on the ladder at the
the floor? Show that the ladder will remain in equilibrium in this position. =
of the ladder (I) = 3.25 m; Weight of the ladder (w) = 250 N;
=1.25 m and coefficient of friction between the

ﬁa:‘m of cqniqcr between the ladder and

Solution. Given: Length
Distance between the lower end of ladder and wall
Jadder and floor (pyJ =03.

Frictional force acting on the ladder. '

“The forces acting on the ladder are shown in Fig. 7.2. L.

F= Frictional force acting on the ladder at the L
Point of contact between the ladder and -
floor, and :

Rf= Normal reaction at the ﬂqor.
nst a smooth vertical wall, therefore
nd wall.

let

Since the ladder is placed agai
there will be no friction at the point of contactbetween the ladder a

Resolving the forces vertically,
3 R;= 250N
From the geometry of the figure, we

BC =(3257 - (1257 =30m

ting the same,
0 x 0.625) = (250 X 1.25)- 1563 =

find that

Taking moments about B and equa
Fyx3=(R;x 1.25) - (25

156.2 N

156.2 _ 52.IN Ans.
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oint of contact between the Iﬂddc
i

Equilibrium of the ladder _ Aitableatthe
* We know that the maximum force of f riction avatkl
and the floor 5N
=R, = 0.3x250="14 ailable at the point of contact (75 & |

e of friction av

fibrium (521 N): Therefore the ladder will remain,

Thus we see that the amount of 1I?c l‘nrcl
more than the force of friction required lor cqu!
an equilibrium position.  Ans. o

d ound and Teans agai

Example 7.2. A ladden 5 meters long rests on @ hot ,zlu;?:f:ff ffigf;::!der is gﬂﬂ f\f f;:? i
smooth vertical wall at an angle 70° with the horizontal. The l?'ﬁ’.‘j} ! hing 750N stands on a rm.-;f”
at its middle. The ladder is ar the point of sliding, when a man weig $
metre from the bottom of the ladder: ‘

¢ ladder and the floor.

Calculate the coefficient of friction between th .
o . ich the ladder makes with (he

. h
Solution. Given: Length of the ladder (/) = Sm; A.ngle w N ;
horizontal (¢)) = 70°; Weight of the ladder (w,) = 900 N; Weight of man (w,) =750 N and distance

between the man and bottom of ladder = 1.5 m.
Forces acting on the ladder are shown in Fig. 7.3.

Let i, = Coefficient of friction between ladder and
floor and
R = Normal reaction at the floor. ~
Resolving the forces vertically, 15
Rf=9(}0+750=1650N (1) P} :
A N

Force of friction at A
Fr= % R.= i, x 1650 (i)
Now taking moments about B, and equating the same,

Rf x 5 5in 20° = {Frx 5 cos 20°) + (900 x 2.5 sin 20°)
+ (750 x 3.5 sin 20°) :

- {fo 5 cos20°) + (4875 sin 20°)
= (U, x 1650 x 5 cos 20°) + 4875 sin 20°
and now substituting the values of R, and F from equations (i) and (i) i~
1650 x 5 sin 20° = (4, x 1650 x 5 cos 20°) + (4875 sin 20°) * ‘
Dividing both sides by 5 sin 20°,
1650 = (pfx 1650 cot 20°) + 975
= (% 1650 x 2.7475) + 975 = 4533 He+ 975

_ 1650 - 975
4 4533

=0.15 Ans,

Example 7.3. A uniform ladder of 4 m length rests against a vertical wall with which
niakes an angle of 45°. The coefficient of friction bepween the ladder and the wall is 0.4 and that
between ladder and the floor is 0.5. If a man, whose weight is one-half of that of the ladder ascends
it, how high will it be when the ladder slips? 3 !




Chapter 7 : Applications of Frictlon m 115

Solution. Sn-en:-Lt:ngth nli lh.'c ladder (/) = 4 3 Angle which the lndder makes with the
norizontal (00 =45 : Coetlicient of friction between the ladder and the wall ()t ) = 0.4 and coefTicient
of friction between the ladder and the Noor [1‘;} =().5, ¥

The forces acting on the ladder are shown in Fig. 7.4.

Let X = Distance between A and the man,
when the ladder is at the point
of slipping.

W = Weight of the ladder, and
Rj= Normal reaction at floor,
Weight of the man

W
=—=05W
2

We know that frictional force at the floor,
Fr=pR=03%, ()
and frictional force at the wall,
F,=1,R,=04R, | ' (i)
Resolving the forces vertically,
. R+F,=W+05W=15W S i)
and now resolving the forces horizontally,
R,=F= 05R, or R=2R
Now substituting the values of annd F,in equation (i),
2R +04R =15 w

g, =W 065w
2.4
and F =04R,=04x%0625W=025W i)

| Taking moments about A and equating the same,
(W x 2 cos 45°) + (0.5 W x x cos 45°)
=(R, x4 sin 45°) + (F,, x 4 cos 45°)
Substituting values of R, and F, from equations (iii) and (iv) in (he above equation,
(W x 2 cos 45°) + (0.5 Wx x cos 45°)
=(0.625 Wx 4 sin 45°) + (0.25 Wx 4 cos 45%)
Dividing both sides by (W sin 45°),
2+05x=2.5+1=33

x:.%.'.ﬁ-:—?-=3.0m Ans, _ '

0.5

(o sind§°=cos 450 =0,707)



