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Question1  (*¥)

Nse

2a

A ladder of length2a and massn, has one endd on smooth horizontal ground and
the other endB against a smooth vertical wall.

The ladder is kept in equilibrium by a horizontaide of magnitud%mg acting at a

point C on the ladder, wherd&C =% a, as shown in the figure above.

The angle between the ladder and the vertical iwajl .

By modelling the ladder as a uniform rod show ttzatg :%.

, , |proof
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Question 2 (**+)

The figure above shows a ladddB resting in equilibrium with one end on rough
horizontal ground and the other eBdagainst a smooth vertical wall. The ladder is
modelled as a uniform rod of lengthmetres and mas&0kg, and lies in a vertical
plane perpendicular to the wall and the ground]ined at an anglg to the

horizontal.

When a person, which is modelled as a particlepyads60 kg stands at a poir@ on
the ladder, wheréAC = 4 metres the ladder is at the point of slipping.

Given that the coefficient of friction between tadder and the ground % find ...

a) ... the magnitude of the frictional force of the gndwn the ladder.

b) ... the value of , to the nearest degree.

[F=196N, |[j » 71°
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Question 3 (**+)

7 B

2a

A A
%

The figure above shows a uniform ladd&B of length2a and of massn resting
with the endA on rough horizontal ground and the eBdagainst a smooth vertical
wall. The ladder is inclined at an angjeto the ground.

When a child of mas&m iis standing on the ladder Bt, the ladder is about to slip.

Given that the coefficient of friction between tadder and the ground % find the

value ofg.

|, lg»63.4)|
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Question 4 (***)

A uniform ladder AB of massm and length2a has one of its end\ on rough
horizontal ground and the other eBdagainst a smooth vertical wall.

The ladder lies in a vertical plane perpendicubathe wall and the ground, and makes
an angle of30° with the vertical wall.

The coefficient of friction between the ladder ahd ground is%.

The greatest distance frol that a man of masém can walk up this ladder ika,
wherek is a positive constant.

By modelling the man as a particle and the laddea ainiform rod, determine the
value ofk.

19

k:@»l
12
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Question 5 (***)

The figure above shows a uniform ré@dB of length8 metres and of madbkg. The
rod is resting in-equilibrium with the endl on rough horizontal ground and the point
C, where AC=6 metres, on a smooth peg. The rod is incline@iitto the ground.

a) Determine in any order ...
i. ... the reaction on the rod at the peg.
ii. ...the normal reaction on the rod at the ground.
iii. ... the friction acting on the rod.

The coefficient of friction between the rod and greund is denoted byn.

b) Find the range of the possible valuegmf

Nc =49, |Fr =423 424, [R, =122§, | 7* £./3
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Question 6 (***)

A non uniform ladder of weight80 N and lengthé metres, rests with its enél on
smooth horizontal ground and its eBdagainst a rough vertical wall.

The coefficient of friction between the ladder dhd wall is%.

The centre of mass of the ladded.i® metres fromA.

The ladder lies in a vertical plane perpendicutathte wall and the ground, and is
inclined at an angle to the horizontal, wheréang = 2.

A man can just prevent the ladder from sliding dah& wall by pushing the bottom
of the ladder with a horizontal forde.

By modelling the ladder as a non uniform rod deteenthe value ofF .

M [F=2on
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Question 7 (***)

_

The figure above shows a plaiB resting on a smooth peg. The plank is modelled a

uniform rod of weightvV N and of length4.8 metres, resting on the peg at the point
C, where AC is 3.2 metres.

The endA of the plank rests in limiting equilibrium on rdugyround, where the

coefficient of friction between the plank and threwnd is%.

The plank is inclined at angle to the horizontal, whermnq:% The pointsA, B
and C lie in a vertical plane which is perpendiculatite ground.

Given that the magnitude of the normal reactiothef ground atA is 65N, find in
any order ...

a) ... the value oW

b) ... the magnitude of the force between the plankthageg.

, W =125N, [F =75N|
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Question 8  (***)

C

7

. =

10kg

The figure above shows a uniform réddB, of length3 metres and of mas&0 kg,
smoothly hinged at the poik, which lies on a vertical wall.

A particle, of mas40kg, is suspended from the el of the rod. The rod is kept in

a horizontal position by a light inextensible siyiBC, whereC lies on the same wall
vertically aboveA.

The planeABC is perpendicular to the wall and the angBC is 30°.

a) Determine the tension in the string.

b) Show that the reaction at the hinge has magni&&l@ N.

M |, [T=392N
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Question 9  (***+)

? C

2a

The figure above shows a uniform ré®B of length2a and of massn smoothly
hinged at the poinA, which lies on a vertical wall.

The rod is kept in a horizontal position by a lighéxtensible stringBC, whereC
lies on the same wall vertically above.

The planeABC is perpendicular to the wall and the angiBC is denoted byy.
Given thattanq:%, show that ...
a) ... the tension in the string %\/gmg.

b) ... the magnitude of the reaction at the hinge hasstime magnitude as the
tension in the string.
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Question 10 (***+)

The figure above shows a uniform ré®, of length2.5 metres and mask) kg,
with one of its endsA smoothly hinged vertical wall.

The rod is kept in equilibrium in a horizontal pas1 by a light rigid strutDC ,
where D lies on the same wall vertically below and C lies on the rod such
thaf AC| =| AQ} =1 metre.

A particle of mas$ kg is placed aB. The planeACD is perpendicular to the wall.

a) Calculate the force exerted by the strut on the rod

b) Determine the magnitude and direction of the fazgerted by the hinge on
the rod AB.

Thrust= 245/ 2» 346 I\, |[R=49/29» 264 N, [g» 158, to the directioAB]|
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Question 11 (***+)

A uniform ladder of mas$0 kg and lengthd metres, rests with its endl on rough
horizontal ground and its end against a smooth vertical wall. The ladder liegin
vertical plane perpendicular to the wall and theugid, and is inclined at an angje
to the horizontal, wheréang = 2.

The coefficient of friction between the ladder @hd ground i% :

When a man of mag® climbs on the ladder and stands at the pGinivhere AC is
2.75 metres, the ladder is in limiting equilibrium.

By modelling the man as a particle and the laddea ainiform rod, determine the
value of m.

m=80
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Question 12 (***+)

The figure above shows a uniform ladder with ond en rough horizontal ground
and the other end against a smooth vertical walkk [adder is -modelled as a uniform
rod of length2a and massn, and lies in a vertical plane perpendicular to iz
and the ground, inclined at an angléo the horizontal.

The ladder remains in equilibrium when a man of sntm stands at the top of the
ladder. The coefficient of friction between thedadand the ground I%

Show clearly thatang 3 %
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Question 13 (***+)

7oA Z

The figure above shows a ladder of lengtimetres and mas&0 kg, with one endA
on rough horizontal ground and the other @h@gainst a smooth vertical wall. The
ladder is modelled as a uniform rod and lies iregtival plane perpendicular to the

wall and the ground, inclined at an angldo the horizontal, wheréang =%.

The ladder remains in-equilibrium when a man of sr1@% kg stands at a poir€@ on
the ladder, wheréAC =4 metres. The coefficient of friction between thddar and
the ground is denoted by..

Find the range of the possible valuesmf

4>||—‘
olo
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Question 14 (***+)

AT ARl z

The figure above shows a laddeéB of length4a and weightW , with one endA on
smooth horizontal ground and the other éhégainst a rough vertical wall. A light
inextensible string has one of its erdstied on the ladder, wher&C = a, and the
other endD tied at a point on the wall, so th@D is horizontal. The tension in the
string is3W. and the coefficient of friction between the laddad the ground ign.

The ladder is in equilibrium when a man of wei@k¥ stands at the poirB .

The ladder lies in a vertical plane perpendicutathe wall and the ground and is
inclined at an anglg to the horizontal, wheréang = 2. The ladder is modelled as a
uniform rod and the man as a particle.

a) Find, in terms oW, the magnitude of the force of the ground on duzlér
b) Show that/? %

N =5W
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Question 15  (***+)

The figure above shows a uniform réd, of WeightJ2_7W and length4L , freely
hinged at the end\ to a vertical wall.

The rod is supported by a light rigid st@D and rests in equilibrium at an angle of
60° to the wall. The strut is freely hinged to the aidhe pointD and to the wall at
the pointC , which is vertically belowA. It is further given thatAC = AD=3L

The rod and the strut lie in the same vertical @lavhich is perpendicular to the wall.
a) Show that the magnitude of the thrust in the S&@\ .

b) Find, in terms oW, the magnitude of the force acting on the rod\at

reaction= 3V N
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Question 16 (***+)

2a

)

The figure above shows a uniform ladd&B of length2a and of massn resting
with A on rough horizontal ground, ari®8l against a rough vertical wall.

The ladder is inclined at an angfeto the ground and the coefficient of friction
between the ladder and the ground and betweeiadderd and the wall i%.

a) Given the ladder is in limiting equilibrium, deteima in terms ofmg ...
I. ... the normal reaction on the ladder/Aat

ii. ... the normal reaction on the ladderkat

b) Show clearly thatang =

Rl
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Question 17 (***+)

4m

3m

_

The figure above shows a pla#i8 resting on a smooth cylinder which is fixed with
its axis horizontal to rough horizontal ground. Hienk is modelled a uniform rod of
massl0 kg and lengthd metres, resting in equilibrium on the cylindetrat pointC,
where AC is 3 metres. The end\ of the plank rests in limiting equilibrium on the
ground, inclined at an angle 80° to the horizontal. The pointd, B andC lie in-a
vertical plane which is perpendicular to the axXithe cylinder.

a) Find the normal reaction between the plank andjtband.

b) Show that the coefficient of friction between thHank and the ground %\/5

, IR=49N
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Question 18  (***+)

5m

The figure above shows a uniform ré@dB of length5 metres and of mas¥0 kg
resting in equilibrium with its end\ smoothly hinged on a vertical wall. A light
string BC is attached to a poir@ on the wall which lies vertically abovA, such

that|AC| =|CH.
The planeABC is perpendicular to the wall and the an@laB is 30°.

a) Determine the tension in the string.

b) Find the magnitude of the horizontal and verticamponents of the force
acting on the hinge aA.

T=294N,[F =735N, |F, =147%/3 N
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Question 19  (***+)

Y,

The figure above shows a ladder of lengthand massn, with one endA on rough
horizontal ground and the other eBdagainst a smooth vertical wall.

The ladder is inclined at an angte to the horizontal, wheréana =4 and remains

3
in equilibrium when a child of mas® stands at a poin€ on the ladder, where
AC=3a.

By modelling the ladder as a uniform rod and thidchs a particle, find the range of
the possible values of the coefficient of frictioetween the ladder and the ground.

L 1|

oo||—\
NIO1
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Question 20  (***+)

7

The figure above shows a plafB of weight 600N resting in equilibrium with one
end A on rough horizontal ground. The coefficient o€fion between the ground and
the plank is denoted by.

The plank rests on a smooth cylindrical drum wHiglked to the ground and cannot
slide or roll. The point of contact between thenglaand the drum is &, where

AC =4 metres. The point&\, B andC lie in a vertical plane which is perpendicular
to the axis of the drum. The plank is inclined miaagle ofg to the horizontal ground,

wheresing =% :

By modelling the plank as a uniform rod, show- tira %\/5

proof
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Question 21 (***+)

A ladderAB, of weightW, has one end\ resting on rough horizontal ground and
the other end resting against a rough vertical wall. The laddemodelled as a
uniform rod which lies in a vertical plane perpendar to the wall.

The coefficient of friction between the ladder dhd wall i90.2.

The coefficient of friction between the ladder dhd ground ism.

It is further given that the friction is limiting ®oth A and B, and the ladder is at an
angleg to the ground, whertang = 2.

Find the exact value off.
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Question 22 (***+)

The figure above shows a uniform ré@B of weight120N and length6 m resting

in equilibrium against a rough pd® which is located2 m above level horizontal
ground. The endA of the rod rests on smooth ground, incline@®@t to the ground.
The coefficient of friction between the rod and g is /.

The pointsA, P and B lie in a vertical plane which is perpendiculatie ground.
a) Calculate the reaction between the rod and thengtou

b) Show that the magnitude of the normal reaction betwthe rod and the peg is

45/3.

c) Determine the range of the possible valuegmof

N=30N|. |72 1.3

Created by T. Madas



Created by T. Madas

Question 23 (***+)

yC

The figure above shows a uniform ré&B of length2 metres and of mas? kg
resting in equilibrium with its end against a rougdrtical wall. A light stringBC is
attached to a poir® on the wall which lies vertically abovA, such thafAC| =| AH.

The plane ABC is perpendicular to the wall and the an@lé&B is 120° . The
coefficient of friction between the wall and thelng .

Given that the rod is at the point of slipping dothie wall, show thatm= 1

V3

proof
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Question 24 (***+)

7

v

Ny
635 8
%,

4

R

The figure above shows a uniform ré®B of length4 metres and of mas$0 kg
resting in equilibrium with its endA in contact with a rough vertical wall. The
coefficient of friction between the rod and the Ml . A light string BC of length

4 metres is attached to a poi@ton the wall which lies vertically abovA.
The planeABC is perpendicular to the wall and the angBC is 60°.

a) Determine the tension in the string.

b) Show clearly that? /3.
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Question 25  (***+)

The figure above shows a uniform réB of weight120N and length3 m rests in
limiting equilibrium against a rough box , where ttontact poinf between the rod
and the box locatet.2 m above level horizontal ground.

The endA of the rod rests on smooth ground, inclinedpato the ground. The
coefficient of friction between the rod and the ©X.75.

The pointsA, P andB lie in a vertical plane which is perpendiculatie ground.

a) Show clearly thatang =

Blow

b) Calculate in any order the magnitude of the reackietween the rod and the
ground and thenagnitude of the reaction between the rod and the box.

Ry=30N|, [Ro=90N
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Question 26 (***+)

A uniform ladderAB, of length6é m and mas£0 kg, is placed with its end\ on
rough horizontal ground anB over a smooth vertical wall. The ladder rests on the

wall at the pointC , so thaiBC|=1m.

The ladder is inclined at an angle @&0° to the horizontal and the coefficient of

friction between the ladder and the groundris
When a man, of mas80 kg, is standing at the poir® on the ladder, so that

|AP|= 4 m, the ladder is in limiting equilibrium.

Determine the exact value af.
19/3
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Question 27  (***¥)

A uniform ladderAB, of lengthl2m and masdM kg, is placed with its end\ on
rough horizontal ground anB against a smooth vertical wall.

A light inextensible rope is attached to the ladatea vertical distance && m above
the ground and is tied to the wall so that the rope is hartab The rope can
withstand a maximum tension B0 N .

The ladder is inclined aarctan%' to the horizontal and the coefficient of friction

between the ladder and the groun%is

Given that the rope breaks when a man of M@g8kg is standing at the poir® on
the ladder, wheréAP| =9 m, find the value ofM .

|, [M =25
N ] ) ,
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Question 28 (***¥)

The figure above shows a uniform ladd®B of length5 metres and of mad¥gl kg
resting with the endA on rough horizontal ground and the eBdagainst a smooth
vertical wall. The end is 4 metres from the horizontal ground.

In order for the ladder to stay in equilibrium @dk of masam kg is placedn the
bottom end of the ladder butot in contact with the ground.

The coefficient of friction between the ladder @hd ground is%.

Find, in terms ofM , the smallest value ah that will keep the ladder in equilibrium.

M

NG
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Question 29  (***¥)

A uniform ladder rests in limiting equilibrium witlts bottom end on rough horizontal
ground and its top end against a smooth verticdl wa

The ladder lies in a vertical plane perpendicudathe wall and the ground, and makes
an angle ofg with the ground. The coefficient of friction betarethe ladder and the
ground is m.

a) Show clearly that
2mtan g= 1.

The uniform ladder is next placed with its bottond @n rough horizontal ground and
its top end against a rough vertical wall. The Eddies in a vertical plane
perpendicular to the wall and the ground, and makeangle o§ with the ground.

The coefficient of friction between the ladder @hd ground ism. The coefficient of
friction between the ladder and the wall is also

b) Show further that
nf+2 man /=1

proof
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Question 30  (***¥)

The figure above shows a non-uniform ré@, of massm and lengthL, rests in
equilibrium with the endA on a rough horizontal floor and the other éhdagainst a
rough vertical wall.

The rod is in a vertical plane perpendicular towa! and makes an angte with the

floor, Wheretanq=‘§1. The coefficient of friction between the rod ahe floor is%

and the coefficient of friction between the rod dne wall is%.

The rod is on the point of slipping at both ends.
The centre of mass of the rod is at the p&nt

Determine, in terms ok , the distanceAG.
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Question 31 (***¥)

The figure above shows a uniform rectangular laniBCD, of weight 600 N ,
resting in equilibrium with the verteA on rough horizontal ground and the other

vertex B, against a smooth vertical wall. It is further gjivthat| AD| =|BC| = a and
|AB/=|CD =4a.

The lamina lies in a vertical plane perpendicutathte wall and makes an angje
with the ground. The coefficient of friction betwethe lamina and the ground#

Given that the lamina is in limiting equilibriumetérmine the value afang .
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Question 32 (****+)

_

The figure above shows a straight 8@ has weighWW and length2a.

A cable BC is attached to one end of the |18g lifting that end off the ground while
the otherA end remains in contact with the rough horizontalugd. The cable is
making an anglg to the horizontal while the log is making an angl¢o the ground,

where tanqzl%. The tension in the cable 18V . The log is in limiting equilibrium

and the coefficient of friction between the log dhd ground is%.

By modelling the log as a uniform rod and the caddea light inextensible string
show clearly that ...

a) ... the normal reaction between the log and the gidwas magnitudﬁszw.

b) ... the angle satisfiestan/ :1—52 and the value of is %’

proof
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Question 33 (****+)

A uniform rod AB, of length2a, is resting with its endA on rough horizontal
ground and a point on the rod in contact with a rough fixed prismsefmnicircular
cross-section, of radiua. The rod lies in a vertical plane which is perpeatar to
the axis of the prism, as shown in the figure above

The coefficient of friction between the rod and treund atA and between the rod
and the prism at , is m, 0< m<1.

When the rod is inclined at an angjeto the horizontal, whertanq:%, the rod is at
the point of slipping.

Determine the value ofn.
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Question 34  (****+)

A non uniform rodAB of length6 m and weight600 N rests in equilibrium over a
smooth peg aC, whereBC=1m. A light inextensible wire is attached to the &d

A, and is inclined at an angleto the rod. The wire and the peg support the tod a
30° to the vertical, as shown in the figure above.

Given that the position of the centre of mass @& tbd is located2 m from A,
determine the tension in the wire and the valug of

IT »550 N, |[¢»19.1
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Question 35  (****+)

A uniform ladder AB of massm and length2a has one of its end\ on rough
horizontal ground and the other eBdagainst a smooth vertical wall.

The ladder lies in a vertical plane perpendicudathe wall and the ground, and makes

an angle ofa with the horizontal ground, wher@ana =%. The coefficient of

friction between the ladder and the groun%is

A window cleaner of mas8m stands at the top of the ladd8rand his helper pushes
the bottom of the laddeA towards the wall with a force of magnituéeN . This
force is horizontal and its direction is perpenthcuo the wall. The ladder remains in
equilibrium.

The window cleaner is modelled as a particle aedddder as a uniform rod.
a) Find the magnitude of the force exerted by the walthe ladder aB.

b) Show clearly that
19 49
gmg£ PE? mg.

c) State the value oP for which the frictional force on the ladder isae

N :3—54mg, P:3—54mg
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Question 36 (****+)

Z

C

De—X—m—>

2a

The figure above shows a uniform rédB, of length2a and weightW N, with one
of its endsA in contact with a rough vertical wall. The rodkispt in equilibrium in a
horizontal position by a light inextensible striBfC, whereC lies on the same wall
vertically aboveA. A particle of weightLlOO N Is placed at the poinD on the rod,
where BD = x. The planeABC is perpendicular to the wall and the angBC is ¢,

wheresing =

ol

a) Show that the tension in the string is

5a(W+200) - 500
6a '

The normal reaction and the friction of the wall te rod arel50N and37.5N,
respectively.

b) Find the value ofW.

c) Show thatx= % a.
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Question 37  (****+)

The figure above shows a uniform rA8, of mass60 kg and length3 m, with the

end A resting on rough horizontal ground. The rod igdhelequilibrium at an angle

g to the vertical by a light inextensible string.€end of the string is attached to the
rod at the poinC, where AC=1.8m. The other end of the string is attached to the
point D, which'is lies at a height .5 m vertically aboveA.

a) Determine interms ofj andg ...

I. ... the magnitude of the frictional force At.

ii. ... the magnitude of the normal reaction on the toé a

b) The rod.is in limiting equilibrium whemang =

N

c) Find the coefficient of friction between the roddahe ground.

m:%1 »0.557

[F =36gsing|, |R=29g(5+18co%))
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Question 38 (****+)
A non uniform ladderAB has lengtha, and its centre of mass is located at a distance
k from A.

One of the ends of the laddek, is resting against a rough vertical wall and dtieer
end, B, is resting on rough horizontal ground.

The coefficient of friction at bottA and B is 0.75.

When AB is inclined atarctar{ 2] to the wall the equilibrium is limiting at both @
3

of the ladder.

Determine the value oflf.
a

-
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Question 39  (****+)

A uniform ladder AB has length6 m and is inclined aarctar(%) to the ground.

One of the ends of the laddek, is resting against a rough vertical wall and dteer
end, B, is resting on rough horizontal ground.

The coefficient of friction at bottA and B is 0.5.

Calculate the greatest distance fr@@ma man that i$ive times as heavy as the ladder
can climb.

(1. [g=aer]
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Question 40 (****+)

.

The figure above shows a pla®8 modelled a uniform rod of masa kg.

The end of the planld rests on rough horizontal ground, where the coefiit of
friction between the plank and the ground is dethbte /7.

The plank is inclined at an angéeto the horizontal and is kept in position by actor
F N acting atB . The forceF is acting at an angle to the plank, whera>g¢g .

Given the plank is in limiting equilibrium, showahthe magnitude of the normal
reaction of the ground on the plankAtis

mg
2(1- mtang)

proof
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Question 41 (****+)

wire

A uniform rod AB, of mass2m and lengtha, is freely hinged at a fixed poirk. A
particle of massn is suspended by a light string Bt The rod is kept in equilibrium,
at an angleg above the horizontal by a light wire attachedhe tod at the poinC,

Where|AC| = ka, 0<k <1. The wire meets the rod at right angles and lighérnsame
vertical plane as the rod.

a) Find an expression, in terms of, g, g andk, for the tension in the wire.

The reaction force of the hinge At acts in the directiorAB.

b) By considering two separate expressions for theiztwtal component
reaction force of the hinge & and for the vertical component reaction force
of the hinge atA, determine the value &.

T= % mgcosy

~
1
wiho
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Question 42 (****+)

A metal beam, of lengté m and mas</0 kg, is modelled a uniform rod.

The end of the beam rests on rough horizontal ground, where the coefit of
friction between the beam and the groun%is

The beam is inclined at an angjeto the horizontal and is kept in a position of
equilibrium by a forceF N acting at the poin€, on the beam WhekAC| =5m.

The forceF is acting at an angla to the plank, whera>g .

Given further that the plank is in limiting equiibm, andtanqz%, find in exact
form the value oftana and the magnitude d¥f .

[ ],|F=30J/2g
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Question 43 (*¥***¥)

The figure above shows a uniform rigid réd resting on a rough peg. The rod has
weightW N and length6 m and rests on the peg at the pdiht where AC is 4 m.
The coefficient of friction between the rod and pieg is0.5.

The endA of the rod rests in on rough ground, where theffiooent of friction
between the rod and the groundris

The rod is inclined at anglg to the horizontal and the poins, B andC lie in a
vertical plane which is perpendicular to the graund

Given the equilibrium is limiting both aA and atC, show clearly that

_ 6tang- 3
8tarfg- 3tam+ -
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Question 44 (*¥***¥)

A smooth hollow hemispherical bowl of radiasand centre aD, is fixed so that its
circular rim lies in a horizontal plane.

A smooth uniform rodPQ, of lengthL, rests in equilibrium with its en® at some
point inside the bowl, as shown in the figure above

The rod is in contact with the rim of the hemisphersome poinB, so thaleB| <L,
and is inclined at an angke to the horizontal.

Show that

_4dacoszy
cosg

L
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Question 45 (*¥***¥)

A smooth hollow hemispherical bowl of radiasand centre aD, is fixed so that its
circular rim lies in a horizontal plane.

A smooth uniform rodPQ, of lengthL, rests in equilibrium with its en® at some
point inside the bowl, as shown in the figure above

The rod is in contact with the rim of the hemisghat some poinB, so thaleB| <L,
and is inclined at an ang®&0° to the horizontal.

Show that
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Question 46 (*¥***¥)
Two spheres of respective radiasand 2a, are fixed on level horizontal ground.

The spheres are touching each other.

A uniform rod of lengthd4a is gently placed over the two spheres, touchirgtito
spheres in such a way so that the centre of mabe abd is equidistant from the two
contact points of the rod with the spheres.

The coefficient of friction at the contact pointtivthe smaller sphere ig and at the
contact point with the larger sphere3as..

If the rod remains in equilibrium, show tha#® kv/2, wherek is a rational constant.

Lk

Il
~N
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