R Moments

ROBINSON Worked solutions

This topic online

n A uniform beam AB has length 4 m and mass 12 kg. The beam rests horizontally on two supports,
one at € and one at D, where AC = 0.5 m and DB = 1 m, as shown in the diagram.

Find the magnitude of the reaction on the beam at C and the magnitude of the reaction on the

beam at D.
R S
A B
A AN
C D
4+—>
05m v 129 Tm

(4 marks)
Um.o(;ormi the we.iakt I?.S octs ot the M:.J.pomt, Im From A

Let the reoctions be R at C and S ok O
Take moments about C (this removes R)

Sxas = \13 X I.S

5 - |2.3 XIS
2.5

S = 7.23 = 70.5¢

reoction ot O =704 N

Resolve vertically
R+S = 124
R = 12 = T.29
R = 4.‘63 = 47.04%

reactionat C =u7.0N
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n A uniform plank PQ has length 6 m and mass 20 kg. The plank is held in a horizontal position by two
light vertical ropes, one attached at P and one attached at the point R on the plank, where PR = 5 m.
A bucket of mass 5 kg hangs from the end Q. The bucket is modelled as a particle.

Find the tension in each rope. (4 marks)

Plonk we.;.ahk 103 ot £he medpoint, 3 m From 4
Let the tensions be T akt P and U at R
Toke moments about P

UxXS = 105%3*53%6
SU = ‘03+303
SU='103
U = \%3=\76.'+

tensionat R =\v7¢ N

Resolve ve.rt:.om(.(.:)
T+U

203 + 5’3
T = 253 - l%s
T = 75 = 6%.¢

tension at P = ¢4 N
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n A non-uniform plank AB has length 3.6 m and mass 15 kg. The plank hangs in a horizontal position
from two light vertical strings, one at A and one at B. The tension in the string at B is one and a half
times the tension in the string at A.

a. Find the tension in each string.

b. Find the distance of the centre of mass of the plank from A.

m) Let the tenscon ot A be T, so the teasion ok 6 s ILST

Resolve ve.rtic.au.y

T4IST = '53
2.9T = '53

T = ‘3 = 922

ST = 13 = 32.2

A:ses N, 6882 N

b) Let the centre of mass G be xm From A

Toke moments abovt A

"15 X346 =
X =
x =

|53X1.
T% 3.4

\S

2.16

2\em l.rom A

(5 marks)
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n A uniform plank AB has length 5 m and mass 30 kg. It rests horizontally on two supports at € and D,
where AC = 1 m and DB = 1.5 m, as shown in the diagram. A child of mass 12 kg stands on the plank
at B. The child is modelled as a particle.

a. Find the magnitude of the reaction on the plank at € and the magnitude of the reaction on the
plank at D.

The child gets off and an adult of mass M kg stands at B. The plank is now on the point of tilting
about D.

b. Find the value of M.

c. State how you have used the modelling assumption that the plank is uniform.

C D
v 309 129
+“— +“—>
Tm 1.5m

(8 marks)
a) Plank wecght 30q acts at the midgont, 2.5 m Lrom A
Let the reactions be R at Cand Sat 0
Take moments about C

Sxas = 303x\.s+|23x~+
2.5S = 45’3 + 483
2.5S = ‘133
S = 37.2.5 = 364+.5¢

Resolve ve.r(:u.a(.(.y

R+S = 303 124
R = 42q - 37.29
R = 4.‘63 = 47.04

C:u1.0N,0:3¢s N

b) On the pount °of ‘k:.(.‘k:.na abovt 0: the reaction at C s 0
Take moments about 0

the p(.oJ\lL we.:.alnt octs 35 -2.5=1Im From 0
Ms)‘\.s = 305)‘\
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M = 30

LS

M=20

c) Uﬂi}ormi the wuakk acts ot the medpont °of the plank

wuakt of the plank taken toact at cts midpount

B A uniform rod 4B has length 4 m and mass 10 kg. The rod rests horizontally on two supports at C
and D, where AC = 1 m and AD = 2.5 m. A particle of mass 15 kg is placed on the rod at the point P,
where AP = x metres.

Given that the rod remains in equilibrium, find the range of possible values of x. (7 marks)

Rod we.iskt 109 acts at the midpount, 2 m Lrom A
Case 1: P near A, the rod could tilt about C

On the pocnt o telting abouvt C: reactionat 0 =0
Toke moments about C

|53x(\-x) = |03x(2.-\)
\S-\Sx = 10

s

|

3
Case 2: P near 6, the rod could telk about 0

ISx

X

On the pount of t‘.(.ta.l\s abovt 0: reactionat C =0
Take moments abouvk 0

ISS X (.z - 2..5') = '03 X (2.5 - 2.)
ISx =37 = §

ISx = %42.5
é
6e.(:wu.n these Pos'\tnol\s the rod sto.ds L QALULLLbN.UM
le.e
3 é

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 5 of 15



n A diving board AB is modelled as a uniform rod of length 4 m and mass 40 kg. The end 4 is bolted
to the ground and the board rests horizontally on a support at €, where AC = 1 m, as shown in the
diagram. A diver of mass 60 kg stands at the end B. The diver is modelled as a particle.

a. Find the magnitude of the force exerted on the board by the support at C.
b. Find the magnitude of the force exerted on the board by the bolt at 4, and state its direction.

Tm 3m

a) Board we.:.sh{: '+03 acts ot the mid.pomt, Zm From A
Take momenks abovt A (Lhis removes the bolt J,oroe.)

Rxi = '-}03)(?.4’603%‘\-
R = %oan.qog)
R = ‘5105=3134

n+o N

b) Both wuahks turn the board clockwise abovt C
50 the bolt ot A must pull dowa. Lek it be F downwards

Resolve thu.m(.(.v

R = F+ 4Oq + (Oqg
F = 3204 - 1004
F = 22049 = 2156

2160 N, ve.r{:ic.o.LLD downwo.rds

(6 marks)
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A uniform rod AB has length 2a and weight W. The rod rests horizontally on two supports, one at A

and one at C, where AC = %a. A particle of weight kW is attached to the rod at B, where kis a

constant.

a. Show that the magnitude of the reaction on the rod at 4 is 1?W(1 - k).

b. Hence write down the greatest possible value of k.

c. Given that the reaction at C is five times the reaction at 4, find the value of k. (7 marks)

o) W'.:.Skb W acts at the medpoiat, o From A

so W s %o. to the (.Q,J,'(: ooc.Co.mL W e %o. to the rcsk‘k oJ;C

Take moments about C, with R the reaction at A

3 | - \
ﬂx—m'l'kWX—o.'WX—o.
2 2 2

Mu(.'k:.p(.:) tkrounh by z
R+ = W
3R W - e\

R Wi -w)
3

R = l\JJ(\ -k)as re.lua.re.d.
3

b) The rod sto.Js in contact ak A on(.d ot R >0
\=-kk 30

k=)

c) Resolve vo.rt:.cm(.(.:), with S the reaction at C

R+S = W+W
Substitute S = SR

R = Wh+w)
Ex L\Wi-w) = WO+
3

2-2k = 1tk

3 \

w| -
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n A non-uniform rod AB has length 3 m. When the rod rests on a single support at the point C, where
AC = 1.2 m, it balances in a horizontal position. A particle of mass 2 kg is now attached to the rod at

B, and the rod now balances horizontally when the support is moved to the point D, where AD = 1.5
m.

a. Find the mass of the rod.

b. The particle is removed from B and attached to the rod at 4 instead. Find the distance from A of

the point at which the rod now balances. (6 marks)

a) L& balances on C alone, so the centre of mass GwsatC

AGC =12 m
Let the mass of the rod be M ks. Tolke moments abovk 0

CFis1S=-1L2=0.9m Foom O, the po.r‘t:.c(.e. 63 -\ =1Sm From 0
Mgx 03 = 29 %15
o3M = 3

M=\Ol§|

b) Let the new balance pount be J m prom A

The reaction there is the total wziakk \2.3. Moments abovk A
X = X 1.2 + X
IZS J '03 .2 23 o
\2.:’ = 12

I m J;rom A
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n A uniform rod 4B has length 2 m and mass 5 kg. The end 4 is freely hinged to a vertical wall. The rod
is held in a horizontal position by a light inextensible string. One end of the string is attached to the
rod at B and the other end is attached to the wall at the point C, vertically above A. The string makes
an angle of 30° with the rod, as shown in the diagram.

a. Find the tension in the string.

b. Find the magnitude of the force exerted on the rod by the hinge, and the angle this force makes
with the rod.

59

2m

(8 marks)
o) Take moments abovk A (thes removes the k'\n3¢. J.orco.)

OM’J the component of T perpendicular o A6 hos o. moment
[~
T sin30 X2 = S'Sx\

Txlxz"'sﬁ
2

T = 5'3=H-1

4N

b) Let the ku\ac Foree have components X (horizontal) and (\/e.rt:.co.(.)
Resolve horizon{:o.(.(.y

X = Tcos’.'»oo
X = I

9 %
2

Resolve \/Lrt:.om(.(.:’

[~
Y+Tsen30 = 5’3

= 42.43...

¥ = 49-24.5 = 24.5

Combine the compoﬁe.nts
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Fl = 4 (42.43% + 24.52)
F| = w9
Anate. with the rod

ton & = 24.5
42.43
(-

& = 20
4IN ot 30° a.bove A6
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m A non-uniform beam AB has length 6 m and mass 50 kg. The beam rests horizontally on two
supports at € and D, where AC = 1 m and DB = 2 m. When a woman of mass 30 kg stands on the
beam at B, the beam is on the point of tilting about D. The woman is modelled as a particle.

a. Find the distance of the centre of mass of the beam from A.
The woman now walks along the beam and stands at A.

b. Show that the beam does not tilt.

c. Find the magnitude of the reaction on the beam at each support when the woman stands at A.

d. Explain what is meant by modelling the woman as a particle. (9 marks)
a) On the pocnt of (:a(.{:il\s abovk 0: reactionat C =0
L.e.tc'bzxmtromA.0i56-2=H-mocromA

Toke moments abovt 0
303!‘2. = 503*(4-.&)
6O = 200 - SOx

SOx = I40
X = 28
223 m ocrom A

6) Could ¢t £clt about C? Compare momeats abovt C

woman, 303 Xl= 303

beam: SOq x (22 -1) = ‘103, the other wa.y

ﬂOa 7 303 so the reaction at 0 cs skell posctive

the beam does not telt
¢) Take moments abovt C, with S the reaction at 0

5%3"’303%I = 503%\.8

3S = ‘IOS - '603
S = 209= 19¢
Resolve ve.r(::.r.o.(.LJ
R+S = 803
R = 403 = 528
C:sea N, 0: 14 N

d) Parkicle: le\bf‘@. her scze

her whole we.:.aln'l: octs ot £he su\al.e. pou\(: A
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m A uniform ladder AB has length 6 m and mass 20 kg. The ladder rests with its end A on rough
horizontal ground and its end B against a smooth vertical wall. The ladder makes an angle of 60°

with the ground and lies in a vertical plane perpendicular to the wall, as shown in the diagram. The
ladder is modelled as a uniform rod.

a. Show that the coefficient of friction between the ladder and the ground must be at least 2\1/3 :

The coefficient of friction between the ladder and the ground is in fact 0.35. A man of mass 75 kg
climbs slowly up the ladder. The man is modelled as a particle.

b. Find the greatest distance up the ladder, measured from 4, that the man can climb before the
ladder slips.

S B
6 m
R 20g
60°
>
A F

(10 marks)
o) Resolve ver(:u.o.LLJ
R = 203
Resolve korazoa‘kmLLJ
F =5
Take moments abovt A
S % ¢ sin 60° = 209 x 3 cos 60°
sx3l 3y = 303
S = 10
s
No sLeppeng: F & LR
10
T;b- € L X 203
\O
K2 6T
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w2 -%.3 oS re.«Lu:.ruL
2

b) Let the man be d m up the Ladder when ot is about o slip
Resolve ve.rt:.co.(.(.d

R = 2.03 4 753 = ‘l53
L_:.m:.tina J.ri.otiw\
F 0.35 % 155 = 3‘5.15’3

Resolve hor:.zw\to.(.(.y
S F= 33.253

Take moments about A

[~ o [~
SX¢ésnéOo = 203"3005 éo +7$3Xdc.os ¢O
33.2.5'5 xsAl¢ = 303 + 37.5'3 X d

172.77 = 30 + 37.54
d = H42.77

371.8
d = 3.807.
3.\ m
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m A uniform rod AB has length 4 m and weight W. The rod rests with its end A on rough horizontal
ground and rests against a small smooth peg at the point C on the rod, where AC = 3 m. The rod is
in a vertical plane perpendicular to the peg and makes an angle 0 with the ground, where tan 6 =

%, as shown in the diagram. The rod is in limiting equilibrium.

a. Show that the magnitude of the reaction of the peg on the rod is B w

b. Find the exact value of the coefficient of friction between the rod and the ground.

c. State the direction of the friction on the rod at 4, giving a reason.

S B
C
R 3m
w
S]
>
A F

(10 marks)

kon O = 2vsea 3,4,5 tl‘&.o.l\s(.!.
L8

su\9 =

0059 =

A£ a|w

o) Smooth pe.a! the reaction S ts pergendicular to the rod
Take momenks abovt A

Sx3y = \I\lxlcose

S = Wxei
S

3S

AW
S
S

ARW)

IS

S= i\l\l oS re.iu:.re.d.
19

b) S makes aus(.e. B with the verkical. Resolve lnor:.zm'l:mt.tj

F = S«nb
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Resolve ve.r(:;.co.(.LJ

R+Sces B = W
R = W-E\Iin

IS )
Ro= .32y
TS TS

l_:.m'd:u\s e.t"ui(.:.brwmt F= PLR

= l xE
2s 43
_ 2y
H 43

c) The 90.3 reaction puske.s the oc,oo‘b of the rod o.wm:} From the pe9

f,ra.c.'(:a.cm acts kortZOA‘ko.LLJ towards the pe.s
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