SHORT ANSWER

Ib: A

Equilibrium Part 2
Answer Section

L. A uniform beam of mass 12 kg, length 10 m, rests on supports P and Q, as shown in the diagram

o

below. The distance between the supports is 9.5 m.
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ANSWER: (4 marks)
a) What force is exerted by support Q on the beam? (2 marks)
aNT,, =T

COH

ng =rFQ

Emgzd-FQ

o
mg _ 12kg- 9.8m/s’

F,= = 01.89N

272 T 2-95m
b) What force is exerted by support P on the beam? (2 marks)
byr,, =1

o cow

v Fy=rF,

d-Fp=(d-1) mg

! 3 f A

Ld——é)l'mg L9.5m—lglj- 12kg- 9.8m/s*
O T
Fp+F,=mg

55.7IN +61.89N = 12kg - 9.8m/ s>
117.6N = 117.6N
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2. A trailer carrying a boat is supported by a scale which initially reads84 kg. The boat (and therefore
its centre of gravity) is moved 0.3 m further back on the trailer. The scale now reads 28 kg. The
length of the trailer is 6.1m.

distance (m)

scale” «—— length(n)——

Find the mass of the boat. (3 marks)
ANSWER: (3 marks)

T

av = Toow

't' is the distace to the center of mass

First Bquation:/- F, . =r m g
I F.vcm’el
Isolate 't' »=
mg
Second Equation: /- F,,, = (r—d)-m g
|( l Fscai'e] |
Substitute 'r' into the second equation, /- F_,, =, -d.-m g
: 2 - g
\ )
I F.\'cm'el ' ’1?‘ g
Solve foom. [ F _, =———————-d mg
scale " g
! A 3
kl Fsca.’e?_) - Ll F‘.Ycalel} =—d-m g
(I }.?Arcm'cl J - (l F.vca.’e2 J l( Fa'cm'el PFscm’eZ ) 6'1}71( 84kg_ 28;58’) o g
"= = = = 11619 # \'°

d g d g 0.3m- 9.8m/s*

e Y |
‘ A “*@' éf'ﬁ
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3. A uniform 35kg bar, length 5.3m, is suspended by a cord as shown at an angle above the horizontal
creating a tension of 250N,

-
tension (N} -~
,,/"é"‘;r

What is the angle of the cord? (3 marks)
ANSWER: (3 marks)

=T

T, =T,
rE =¢T,

r-mg=r T- sin(g)

2.65m- 35kg- 9.8m/s* =5.3m T sin(p)

A}

- Sinwfé 2.65m- 35kg - 9.sm/s2/LM

53m 250N

4. A uniform bar, 5.4 m long, is suspended by a cord as shown at an angle of 67° above the horizontal
creating a tension of 337N,

.- cabla

L

H - baam

lengthim) ——|

What is the mass of the uniform bar? (3 marks)
ANSWER: (3 marks)
T,W=T

oW [h

ng =T,

é-mg=l- T sin{g)

2.7m- (m)- 9.8m/s" = 5.4m- 337N sin(67°)
- 5.4m- 337N- sin(67°)
2.7m- 9.8m/ s*

63.31kg
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5. A 17m boom hinged at P is held stationary, as shown in the diagram below. The boom weighs
2,668N and makes an angle of 70° to the ground.

The supporting cord has a tension of 488N,
How far up the boom is the cord attached? (3 marks)
ANSWER: (3 marks)

T.,.=T

é Weos(g)=d- T

I W cos(g) 17m- 2,668N - cos(70°) .
2T 2. 488N
6. A shelf of width 1.8m is supported by a bracket attached at a distance of 0,4m, as shown in the

diagram below. The bracket makes an angle of 33°with the shelf and exerts a force of 8N on the
shelf.

d= = 15.89m

- - width fm)
(e-distance (m) -»§

b

bracket

&

What is the mass of the shelt? (3 marks)
ANSWER: (3 marks)
TCH‘ = TCCW

d F. sin(9)=y2~;'m-g

2.d Fosinfg) 2 04m: 8N sin(33°
e sin(g) _ m sin ): .

w-g 1.8m- 9.8m/ s =
oo 1qhE
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7. Thé motorcycle shown has a mass of 424 kg and a wheel base of 1.4 m.

i-(— distance (m) —»‘

1f the rear wheel exerts a 392 N force on the ground, find how far the motorcycle’s centre of gravity
is located from the front wheel. (3 marks)
ANSWER: (3 marks)

T.=T

oW [Rall

d-F. . =rmg

rear

d F,. :
p = reor _ Ldme 392N =0.13m

mg 424kg- 9.8m/ s*
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8. The diagram shows a 14.4m horizontal beam. The wall exerts a 157N horizontal force on the beam.
The string makes an angle of 67° with the beam. There is a load of mass 38kg hanging from the end.

load

length(im) —————»|

Find the mass of the beam. (3 marks)
ANSWER: (3 marks)

length(m) ——»

(N1

F“’“” ) TI and tank@) - —f— S0 T-L - Ty = Fwa.’.' ' tan(E’]

Tor ™ Tome

'F. +1.F,,=dT

5 beam +i load ™ 1

! l =d-F,, tan g\ -
5 ' n?‘heam ' g+ ' mlmd' g =G it ank@} mbcam -

{
2| 12m- 1TV an(67) - %

3 y
- 2ebkg 9.8m/ 5

m beam

14.4m- 9.8m/ s

~(7 o4 .
’@ T ,ra W
= TO\TL ?Jogl‘" - X q,“‘“uj
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9. A uniform beam 13.4m long, and with a mass of 22kg, is hinged at A. The supporting cable, located
ata dlstance 10.8m from the hinge, is at an angle of 54°.

..:.-j«f distance, (m) w4

' i
e distance, Lm)—p'

e lengthim) *—ﬁ-

If the maximum tension the cable can withstand is 1,145N, what is the maximum mass of the load if
it is located at 7.5m from the hinge? (3 marks)
ANSWER: (3 marks)

T.,.=T

o cow

dpoar

beam™ beam

+d ot load = dcab.’eT 1

foad
! d ~d . Ts
5 mbeamg+ teadM10ad8 = Coable S]n.(@)

13.4m

oo T Si0(0) = 5 My € 10.8m 1, 145N sin(547) - .22 9.8m/ s

= =
load dhmd. g 7.5m. 9.8m/ s’
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10. A uniform 4m beam of mass 4kg is supported by a cord attached at the 1m position and at an angle
40°as shown in the di

«——— distatice (1) —-»]

hinge

What force does the hinge exert on the beam?' (don’t forget about direction) (3 marks)

ANSWER: (3 marks)
First, find the tension in the cable.

rC'H’ = TCC'H’
Lp —ar
2 T begm T H L
! _
5 My, g=d- T cos(@)
L g kg 91

= = = 102.34N
d d- cos(g) 1m- cos(40°)
Second, find the horizontal force the cord tension exerts on the hinge.
YF =0
_‘Tx +Fxh. . = 0
g =T T, =T sin(g)

F, =T sin(g) = 102.34N sin(4(°) = 65.79N



Third, find the vertical force the beam exetts on the hinge.

TF, =0
+F)’hmge + T}" - Fbeam =0
Vhinge beam Ty Ty =7 COS(@)

=m,,, - g1 cos(g)=dkg- 9.8m/s* — 102.34N - cos(40°) = —39.2N

¥ hinge

OR we coulduse 7, = 7, to find the vertical force of the hinge but the pivot point is where to cord

attaches to the beam.

T.,.=7T

dwah’ ' Yhinge = poam Fbcam
/ \ { 3
i . F Ldmﬂ Wé)I My & lklnfzw %)‘ 4kg- 9.8m/ s’
F — bean: beam — — =_ 39‘2N
Vhinge dcm'd dcord 1]’”

Finally, find the resultant force fromthe F_and F,

( V2 V2o V2

Lange) = LFxhingEJ + LFy.flingcJ

/ \E L \? \/ ; ;
Fh!n o Fx ‘ + F; = (6579N) + (_392N) = 76.58N
£ L hinge) L Jh."ngeJ
/F hl
tan‘ll M : = tan” NE__]_V__.\
VE \65.70w | =222
k JL.t'n'n'ge )

The hinge exerts a force of 76.58N @ 30.79° below the horizontal and to the right,

j13 5




11.
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The horizontal uniform beam shown below is 7m long and has a mass of Skg. At the end of the
beam, a load that is 58kg is being held. A cord, at an angle of 69°, is holding the beam. The cord is
attached at a distance of 6m from the wall.

v Y

E;fg'«sw—*distance (m) M__.é

: load

What force does the hinge exert on the beam? (don’t forget about direction) (3 marks)
ANSWER: (3 marks)
First, find the tension in the cable,

=

=T

%'Fbeam"'l' Fru=d T,
b Wy &1 Mg g =d- T si)
. é My, gy, 8 ) g Skg- 9.8m/ s>+ Tm- 58kg. 9.8m/ s o
d- sin(p) 6m - sin(697) :
Second, find the horizontal force the cord tension exerts on the hinge.
YF.=0
T, ~ F_rmge =0
e = L T =T cos(p)

=T cos(g) = 740.93N - cos(69°) = 265.53N (it is pulling to the left)

X hinge

10
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Thitd, find the vertical force the beam exerts on the hinge.

TF, =0
+Fyhfrigg + TP - Fbemn —F{oad . 0
Yhinge = Fbeam + Fl’nad - Ty Ty = T SIH(Q)

e = My & My &= T sin(g) = Skg- 9.8m/ s + 58kg - 9.8m/ s* — 740,93N - sin(69°) = ~74.32N

OR we coulduse 7, = 7, tofind the vertical force of the hinge but the pivot point is where to cord

attaches to the beam,
rt.‘“’ = TL‘CH'
dwal-’ ' ¥ hinge +d:’nad' F.’omz‘ = dbeam ' Fbeam
! A / 3
d,_.—=1m, -g— [-d m, 2
sord heam cord Toad
— dbeam ’ F!:eam - d.’nad' F.’uad _ L ¢ 2J k ‘ J o
Fyhfnge - d - d B
cord cord
! Tm

L6m—7)- Skg- 9.8m/ s — (7m— 6m) - 58 9,8m/ s
= =-T432N

yhingc 6]'”

Finally, find the resultant force fromthe F, and F,

2

-

( VS VS
k hmge) L x.ﬁmge} L yfr""é’ﬂ’J

( VI V? J 265.53)? 2
Frinee = F + 1 F = ) (265.53N)" + (-74.32N)" =275.73N
1nee k ¥ hinge ) L yl‘rmgeJ

-t : yhinge

(FN
I
|

tan = 15.64°

[L Jrfn'.nge J

The hinge exerts a force of 275.73N @ 15.64° below the horizontal and to the left.

11
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12. A 3.9m long uniform beam that has a mass of 33kg, supports a 145kg load. The beam is suspended
by a wire connected as shown, Angle g=61° and angle ¢ = 69°

‘‘‘‘‘

g .o MAss {ka)

What is the tension in the wire? (3 marks)
ANSWER: (3 marks)

TCW = ’ECCH’
L'r w1r, =IT
2 beam J'.’-'Jad L
L My & Si0(Q)+ 1y g sing) = - T sin(9)

%- My, & SIN(Q)+my,.,- g sin(g) % kg 9.8m/ s - sin(61°)+ 145kg - 9.8m/s” - sin(61%)
r= sin(¢) B sin(69°) |
T'=1,482.74N

12
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13. A uniform 5.6m long ladder of mass 21kg leans at an angle of 48°against a frictionless vertical wall
as shown in the diagram below.

a) Draw and label a free body diagram showing the forces acting on the ladder. (1 mark)
ANSWER: (3 marks)

ANSWER:

F;

b) What coefficient of friction is needed at the base of the ladder to keep it from sliding? (3 marks)
Fo=p Fy=pmg

F . . .

Ff = Fwa!i' SI[I(Q) = F - FJ_ :Fwa.’.f ' Sln(@) :F_f' SIH(Q) =g-m g 51“(9)
wall

rf“’ - T:C{I\I‘

i-F ccos(g) =1 F

) g 9 - 1

Lo g cos(@)=1 e m g i)

_coslg) _ 1 L ous

H=25in(g) ~ 2 tan(p) 2 tan(d§) =—

13



ID: A

14. A 82kg man is 0.8m up a 4.3m, 18kg ladder leaning against a smooth wall at an angle of 70° as shown below.
(4 marks)

Vo
\\ dlslance (m) \
'\ P

9\\ ......

ANSWER: (4 marks)
a) Draw and label a free body diagram showing the forces acting on the ladder. (1 mark)

ANSWER:

b) What is the minimum coefficient of friction required to keep the ladder from sliding? (3 marks)
T.=T

LF,,, -oos@)rd F, - cos(@) =1 F.,- sin(o)
L Mg & 05E) +d 1, g c05(0)
Fo == I“sing)
%- 18kg- 9.8m /5> cos(70°)+0.8m- 82kg- 9.8m/ s - cos(70°)
Foar = 43m- sin(70°) = 86,528
SF, =0
4Fy—F, -F, =0
Fy=F, -F, = (mfadder + n1man] 8

¢ ht
Ff =i FN =g Lnlfﬂdtf€r+m1'?ﬂf7J 4
o Ey=F

F
wall - wail = 86.52N =0.09

(m,addcr + mma”] g (18kg+ 82kg} - 98m/st T

14
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15. A 79kg painter stands on a uniform 8m board of mass 12kg supported horizontally by two ladders. The
painter is 5.7m from the left ladder and 2.3m from the right ladder.

1183
,m;q with ko
A

T
i
Left fuidder fhi 5 %Rinmllddcr

e —f |
a) Find the force exerted by the right ladder. (2 marks)
a) Force of Right Ladder:
CH = TC(."H’
d!,efng painter - erg bhoard B r,TFR

5.7m. T9%kg- 9.8m/ s’ +8—2~m 12kg- 9.8m/s* = 8m. F,

5.7m- 79%g- 9.8m/ s’ + $m kg 9.8m/ s

2
= = 010.42N
P 8m e
b) Force of Left Ladder:
rCH' - ’ECCH'
degb.'Fg painter + erg b = ?‘[FL

2.3m- 79%g- 9.8m/ s’ +%n- 12kg- 9.8m/s* =8m F,

2 3m. kg 9.8m/s* + O 12kg- 9.8m/ s

2
) =28138N
F, 8m
- ORwecoulduse L F, =0
FL +FR _ngainlei’ _Fg board =0
FL = ngainl" * Fg board - FR

F,=T%g 9.8m/ s>+ 12kg- 9.8m/s* —610.42N = 281.38N

15
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16.
A 2.2 kg board of length 5 m initially rests on two supports as shown. The distance from left support
to end is 0.4m and the distance between the two supports is 2.4m,
ke b - ] . _
a) What maximum distance, x, from the right-hand support can a 1.8 kg bird walk before the board
begins to leave the left-hand support? (2 marks)
a) Distance of bird:
Z’EUW = ZTL'L’W
" nganra‘ =X Zburd
{ 3\
Ldfrzfn' + dmfdd.’e - d% )I T Mygarg F=X-My,, &
{ ‘ 3 / 3
(o s =228 -y 04 2.4 e | 22k
x= ’ - = 0.67m
Myira 1.8kg -
b) Force exerted by right support:
v F )= 0
+FR - ngnm‘rf - ng!m‘ = 0 .
Fp=F,  +F, =y, &+, §=22kg 9.8m/s” + 1.8kg- 9.8m/s" = 392N
17. 1

16
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18. The crane shown in the diagram below is made up of a strut and a restraining cable. The strut is
uniform in cross section with a length of 17.7 m and a mass of 85 kg. What is the tension in the
restraining cable while the crane is supporting a 175 kg block?

The angle of the strut to the ground is [} =69 and the angle of the restraining cable to the ground is
=4710 ' - (3 marks)

restraining cable

ANSWE.I{: 3 mérks)

rCW = rCC'W !
Lp, 4l F, =lLT
2 J'bizam i,’aaa' +
I .
5 Mocam” & cos(g)+1 m,, ;- g- cos(g) =1 T sin((90— ¢)—(90~@))
%- My & COS(@Y+m,, .- g cOS(G) % 85kg - 9.8m/s" - cos(69°) + 175kg - 9.8m/s” - cos(69°)
= sin(—¢ + ) - sin(—47° + 69°)

T=2,039.1N

17



