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Engineering Mechanics

Equilibrium of Forces and Moment

CHAPTER

Practice Questions

m Determine the magnitude and direction of the smallest force P, which will maintain the body of weight
W =300 N on an inclined smooth plane as shown in figure is in equilibrium.

Solution:
The body is acted upon by three forces, namely the action of gravity force W, the applied force P and the
reaction R. Since these three forces are in equilibrium, the vectors representing them must build a closed

triangle, we begin with the known vector pg representing to a certain scale, the weight of the body, and then
draw the line aa parallel to the R.

The side ¢g will be minimum if it is perpendicular to line aa,

that is P will be minimum, if it is perpendicular to aa.
From the triangle bcd, Zc = 90° - 30° = 60°

o = 90°-60° =30°
and using the triangle bcd, we obtain,

P = Wsin30° = %: 150 N

Alternate solution: After drawing the free-body diagram of the body of above, then applying the Lami’s

theorem to the free-body diagram of the body as shown in figure we get
W P R

SiN(90° —a+ 30°) _ sin(m—30°)  sin(90° + o)
Using the first two of the equation we obtain

W P
cos(30°-a)  sin30°
__ Wsin30°
~ cos(30° - o)

From equation, P will be minimum, if the denominator is maximum, i.e.
cos(30°—-a) = 1
= 30°-a =0
= a=30°
and substituting this value into equation, we get the value of
P = Wsin 30° = 150 N, as before



POSTAL Engineering Mechanics
MRDE ERSY 2023 Conventional Practice Sets

Determine the stretch in each spring for equilibrium of the weight W = 40 N block as shown in figure.
The springs are in equilibrium position. The stiffness of each spring is given as: k; = 40 N/m, k, = 50 N/m,
and k; = 60 N/m

[«<—3m

R - S

Solution: % S,
Draw the free-body diagram of the body as shown in figure. S; o 8
Only two forces are acting on the body, gravity force W and the reactive
force caused by the spring S,. Since the body is in equilibrium, from the I::I
law of equilibrium of two forces, w S;

Sy =W
Now, draw the free-body diagram of the point C. At the joint, C three forces are acting all are reactive forces
caused by the springs. The angles that springs S, and S, make with the horizontal are calculated as below:

tan o, = §=1:>0c=45°

tan B = % =B =236.87°
Since the joint Cis in equilibrium, applying Lami’s theorem, we obtain
S S 8
sin(g + B) sin(g + oc) sin(r - o~ )

From equation we get

S;c08B  WceosB
sin(fo+B)  sin(o + )
S;coso  Weosa

S : =—
27 sin(a+B) sin(o+P)
EF = EC+ CF=r, +r,=100 + 50 = 150 mm

= S1=

and EH = OI- OG- BI
Ol = a =200 mm
and OG = r, =50 mm
Br=Ersin®| - er=BE 100 g u7mm
2 o cos30° cos30°
cosE

BI = 115.47 sin 30° = 57.74 mm and
EH = 200 -50-57.74 = 92.26 mm

EH 92.26
_EF_2220 4615
cosB = £ =50
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B = 52.05°
R.cos B = R,
R.sinf=Q
Substituting the values for p and Q in the above equations and solving for A and R, we obtain
R = Q 800 =1014.52N

c~ Sin _ sin52.05
= R, cos B =1014.52 x cos 52.05° = 623.9 N

COSB _ 1014.50% €9892.05 _ 754 4o
sin60

my}
Il

= R
A ¢ sina

R,= R, sinB+ P- R, cosa
1014.52 x sin 52.05° + 2000 — 720.42 cos 60° = 2439.79 N

On the string ACEDB are hung three equal weights Q
symmetrically placed with respect to the vertical line
through the mid-point E. Determine the value of the angles b
if the other angles are as shown in the figure.

Solution:

Q
At point E,
By symmetry,
Tee = Tep
. Tee [[25) Q
Lami’s th oTon )y = =
ami's theorem SinQ0+PB) ~ sin(90+p) _ sin(180— 2p)
~ Qcosp _ Q (i
T sin2B  2sinp
At point C:
" Tea _ Tee _ Q
Lamis theorerm SN(Q0—B) ~ sin150 _ sin(120+ )
Now, T. = M (i)

CE 7 sin(120 + B)
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Q
By equation (i) and (ii) 5B S|S(1X2—1O/+2[3)
sin(120 + B) = sin B
sin[90 + (30 + B)] = sin B

cos B-cos30-sinB-sin 30 = sin B

MmMBDE ERSY

COSBxg = sinB+%(sinB)
3
cosp _ 2

()

cosp
(S0p) = &
1
tanB:ﬁ
B=a

Alternate:
sin [180— (120 + B)] = sin B
comparing on both sides
180-120-B =8
60=2P
p=30

m The smooth cylinders rest in a horizontal channel having
vertical walls, the distance between which is a. Find the
pressures exerted on the walls and floor at the points of
contact A, B, D and F. the following numerical data are
given: P= 200N, Q=400 N, R =300 N, r, = 120 mm,
r, =180 mm, r; = 150 mm and a = 540 mm.

Solution:
P Q
Re A
R4 o --- Rp
Re
Rg Rg
Cylinder 1 Cylinder 2
For cylinder 2:
cos 0 540 -180-150
“= 77180+ 150
o = 50.47°
R Re R-

Engineering Mechanics
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sin(180-50.47)° ~ §ing0° ~ sin(90 + 50.47)°

Cylinder 3
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R
- ————=38896N
e = Sin(129.53°)
Rxsin140.47°
Ar= sin(12053°) —247:965N
e linder 1 0 - 540-120-180
or cylinder 1: CoS 6 = — o an
6 = 36.87°
Now R.cos® = R, ..(0)
P+ R.sin® = Ag ..(i)
Now, R.=125R,
P+06R,=FR;=P+0.75R,=FRg
For cylinder 2: Q+ Resina = R,sin®
N 400 + 388.96 x sin50.47°
o ¢~ Sin36.87°
R, = 1166.67N

R, = Rgcos o+ A, cos 6
R, = 388.96 cos 50.47° + 1166.67 cos 36.87°
R, = 11809N

_ Rc, _1166.67

AT 125 1.25

Rg=P+0.75R,

= 200 + 0.75 x 933.336
Rg = 900N

For cylinder 1: =933.336 N

m A prismatic bar AB of negligible weight and length /is hinged at A and
supported at B by a string that passes over a pulley C and carries a
load P at its free end. Assuming that the distance h between the hinge
A and the pulley Cis equal to the length 7 of the bar, find the angle a at
which the system will be in equilibrium.

Solution:

The triangle ABC is isosceles

m—o

P=v="5 :900_(%)

Taking point A as the moment center (thus eliminating consideration of the unknown reaction at A), we obtain




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




