
2.20 Problem Set #1  Name: _______________________

Purpose: This is a multiple choice/short answer type of exercise prepared to give the 
teaching staff a “snapshot” of the level of knowledge of the class at the start. No number 

grade will be assigned, but a note will be made of whether you did it or not.

Rules for Completion: This is a closed book exercise. No collaboration is allowed with 
others – this is a test of your knowledge. Try to do the exercise without interruption. 
When you are done, please note below roughly how long you actually spent on the 

exercise.

Approximate Time to Complete: _______  minutes (to nearest 15 minutes)

________________________________________________________________________

For the following, circle the letter of the correct answer or fill in the blank:

1. Which of the following would describe a constitutive relation for a material?

a) As pressure increases, temperature increases

b) As volume decreases, pressure increases
c) As the rate of stretching increases, tensile stress increases

2. In a conservative mechanical system, external forces can be represented as

a) the curl of a vector potential
b) the gradient of a scalar potential

c) the divergence of a vector potential

3. When we state for a system amF
v

v

= , it is implied that the frame of reference is

a) fixed in space
b) accelerating with respect to a fixed frame

c) either fixed or translating at a constant velocity with respect to a fixed frame

4. The following equation gives the acceleration of a point P with respect to a fixed 
frame OXYZ using an intermediate frame oxyz: 
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where oR
v

is the position of the origin of oxyz with respect to OXYZ, relv
v

is the velocity of 

P with respect to oxyz, rela
v

is the acceleration of P with respect to oxyz, and ωv is the 

angular velocity of oxyz with respect to OXYZ.

The Coriolis acceleration term is __________ .  The centripetal acceleration term is 

__________ .

5. For a system of particles, the linear impulse is equal to

a) the difference between the initial and final kinetic energy
b) the difference between the initial and final  linear momentum
c) the product of the total mass and acceleration of the center of gravity

6. The natural frequency of an undamped spring-mass system having mass m and spring 

constant k is

a) mk

b) km

c) km

d) none of the above

7. The moment of inertia of a solid sphere of mass m and radius r about any centroidal 
axis is 

a) ( ) 221 mr

b) ( ) 252 mr

c) 2mr

8. The angular momentum of a object with a moment of inertia I about the spin axis and 

an angular velocity ω is ________ .

9. The angular momentum principle

dt

Hd B
B

v

v =τ

where Bτv  is the total external torque acting on the rigid body and BH
v

is the angular 

momentum about a moment center B is valid when

a) The point B has zero velocity with respect to the inertial reference frame\
b) The point B has a velocity parallel to the velocity of the body’s centroid

c) a) or b)
d) never



10. The work done on a particle by all forces acting on the particle is equal to the change 
of ___________________ of the particle.

11. Which of the following is not conserved in a fluid system?

a) mass
b) pressure

c) energy
d) momentum

12. The assumption of a material continuum would be appropriate for the following fluid 
flows:

a) water in a pipe

b) air flowing through a fan
c) lava flowing down a mountainside
d) all of the above

e) a ) and b) only

13. Which of the following is not in general a characteristic of a flow with velocity due
to a velocity potential ?

a) 02 =φ∇
b) φ∇=

vv

V

c) 0
vv

=V on any solid boundary of the fluid flow

14. The Reynolds number represents the ratio of the following forces in a fluid flow:

a) inertia force to gravity force

b) pressure force to inertia force
c) inertia force to viscous force
d) inertia force to surface tension force

15. The symmetry of the fluid stress tensor results from all of the following except

a) conservation of linear momentum
b) conservation of angular momentum

c) the continuum hypothesis
d) conservation of energy

16. In a Newtonian fluid, the stress due to fluid motion is

a) independent of strain rate
b) a linear function of strain rate

c) a quadratic function of strain rate



17. If energy input to a viscous flow ceases, then any existing vorticity must

a) remain constant since angular momentum is conserved
b) eventually decay to zero

c) be converted into kinetic energy

18. In an incompressible flow where 0=ρ DtD , the densityρ in general

a) may vary in time at a particular point in the flow field

b) must be a constant at all points in the flow field
c) may vary in space but not in time throughout the flow field

19. The Bernoulli equation for unsteady potential flow applies 

a) only along a streamline of the flow
b) at any point in the fluid domain

c) only along the boundary of the fluid domain

20. A boundary layer is formed near the surface of a moving submarine due to 

a) density variation

b) viscosity
c) surface tension
d) pressure variation

For the following, show any steps taken in obtaining your answer:

21. Evaluate dxxx∫
−

+
0

2

2 12

22. Evaluate ∫ xdx3sin



23. Evaluate ( )xe
dx

d x ln3

24. Consider a function ( ) ( ) ( )( )ttztytxVV ,,,
vv

= . Write an expression for the total 

derivative dtVd
v

.

25. Evaluate dxxx∫
π 2

0

cos

26. For a function θ= cos2rf , evaluate f∇
v

in polar coordinates:

27. For fluid velocity ( )wvuV ,,=
v

, expand V
vv

×∇ in rectangular coordinates:

This quantity is known as fluid __________ .



28. Find the general solution of the differential equation: 06
2

2

=−+ y
dx

dy

dx

yd

29. Solve the following differential equation:

xy
xdx

dy
3

1 =+ ( ) 01 =y

30. Complete the expression on the right hand side: dSdVF
V S

∫∫∫ ∫∫=⋅∇ ____
vv



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


