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Review Questions
Select the best answer for each question.
1.  Which statement best describes hemodynamics?
a.  The study of acoustic propagation through tissues
b.  The application of fluid physics to blood flow
c.  The analysis of electrical conduction in the heart
d.  The measurement of tissue elasticity alone
2.  Which primary force establishes the pressure differences that drive systemic blood flow?
a.  Contraction of the left ventricle
b.  Gravitational attraction alone
c.  Viscosity of plasma
d.  Elastic recoil of venous valves
3.  Which three categories organize the physical principles discussed in this chapter?
a.  Cardiac rhythm, respiration, and blood chemistry
b.  Pressure, heart rate, and temperature
c.  Hemodynamic forces, properties of blood, and properties of conduits
d.  Arterial anatomy, venous anatomy, and lymphatics
4.  Which set identifies the three basic flow characteristics assessed with Doppler ultrasound?
a.  Pressure, cardiac output, and resistance
b.  Presence, direction, and flow profile
c.  Density, hematocrit, and viscosity
d.  Wall tension, compliance, and pressure
5.  Physiologic blood flow direction is determined primarily by the:
a.  Position of the ultrasound transducer
b.  Selected color Doppler map
c.  Local pressure gradient
d.  Displayed spectral baseline
6.  Doppler displays the direction of moving blood relative to the:
a.  Heart
b.  Transducer
c.  Aortic valve
d.  Nearest capillary bed
7.  What does the absence of detectable flow within a vessel potentially suggest?
a.  Vascular occlusion
b.  Low blood density
c.  Increased elastic recoil
d.  Reduced gravitational potential energy
8.  Kinetic energy is best defined as:
a.  Energy stored by elevation
b.  Energy associated with motion
c.  Energy stored in a stretched wall
d.  Energy associated with pressure at rest
9.  Which form of kinetic energy principally describes movement of blood through a vessel?
a.  Rotational
b.  Vibrational
c.  Translational
d.  Thermal
10.  At constant mass, doubling blood velocity changes kinetic energy by a factor of:
a.  Two
b.  Three
c.  Four
d.  Eight
11.  Which arterial-wall action stores elastic potential energy?
a.  Dilation during systole
b.  Recoil during diastole
c.  Flow separation beyond a stenosis
d.  Contraction of a skeletal muscle
12.  Elastic recoil of a large artery during diastole helps:
a.  Eliminate all pressure losses
b.  Maintain forward blood flow between contractions
c.  Stop flow into distal capillary beds
d.  Increase blood compressibility
13.  Gravitational potential energy increases when an object's:
a.  Height increases at the same mass
b.  Velocity decreases at the same mass
c.  Viscosity decreases
d.  Surface becomes smoother
14.  The influence of gravity on blood columns is especially important in the:
a.  Dependent lower-extremity veins
b.  Pulmonary alveoli
c.  Cardiac conduction pathways
d.  Aortic valve leaflets alone
15.  The three terms contributing to total fluid energy in this chapter are:
a.  Pressure, kinetic, and gravitational potential energy
b.  Temperature, resistance, and density
c.  Viscosity, acceleration, and flow volume
d.  Flow direction, vessel radius, and cardiac rate
16.  For most clinical hemodynamic analyses, blood is treated as:
a.  Perfectly compressible
b.  Effectively incompressible
c.  A gas
d.  Entirely frictionless
17.  What feature makes a nearly incompressible fluid useful for hydraulic energy transmission?
a.  Its ability to undergo large volume changes
b.  Its ability to transmit applied force with little compression
c.  Its absence of molecular mass
d.  Its dependence on acoustic attenuation
18.  Friction acts primarily to:
a.  Oppose relative motion
b.  Create mechanical energy
c.  Eliminate viscosity
d.  Increase vessel radius
19.  Which statement distinguishes static from kinetic friction?
a.  Static friction acts during motion; kinetic friction initiates motion
b.  Static friction resists initiation; kinetic friction resists ongoing motion
c.  Both occur only in gases
d.  Kinetic friction requires a stationary blood column
20.  Mechanical energy dissipated by internal friction during flow is converted primarily into:
a.  Gravitational energy
b.  Elastic potential energy
c.  Heat
d.  Electrical potential
21.  Pressure is defined as:
a.  Mass per unit volume
b.  Force per unit area
c.  Flow volume per unit time
d.  Velocity per unit distance
22.  If the same force is applied over a smaller area, pressure will:
a.  Decrease
b.  Remain unchanged
c.  Increase
d.  Become zero
23.  Hydrostatic pressure is primarily associated with:
a.  Fluid at rest under gravity
b.  Acceleration through a stenosis
c.  Endothelial shear stress
d.  Pulsatile acceleration alone
24.  For constant fluid density and gravity, hydrostatic pressure change is proportional to:
a.  Horizontal vessel length
b.  Vertical height difference
c.  Blood velocity squared
d.  The fourth power of radius
25.  Compared with lying recumbent, standing typically increases hydrostatic pressure in the:
a.  Dependent leg veins
b.  Veins above the head
c.  Coronary arteries uniformly
d.  All vessels by the same amount
26.  An isotropic fluid pressure acts:
a.  Only in the direction of gravity
b.  Only along the axis of flow
c.  Equally in all directions at a point
d.  Only parallel to the vessel wall
27.  Pascal's principle states that pressure applied to an enclosed fluid is:
a.  Transmitted equally and undiminished through the fluid
b.  Restricted to the direction of the applied force
c.  Always lost entirely to friction
d.  Independent of external force
28.  Transmural pressure is the difference between:
a.  Systolic and diastolic arterial pressures
b.  Intraluminal and external vessel pressures
c.  Proximal and distal blood velocities
d.  Kinetic energy and blood density
29.  According to the Law of Laplace for a cylindrical vessel, wall tension increases with:
a.  Decreasing transmural pressure and radius
b.  Increasing transmural pressure and radius
c.  Decreasing vessel radius alone
d.  Increasing blood viscosity alone
30.  At the same transmural pressure, which vessel has greater circumferential wall tension?
a.  The vessel with the larger radius
b.  The vessel with the smaller radius
c.  Both have identical tension regardless of size
d.  The vessel with lower blood density
31.  Which force acts tangentially along the endothelial surface during blood flow?
a.  Hydrostatic force
b.  Shear stress
c.  Gravitational potential energy
d.  Isotropic pressure alone
32.  Hydrodynamic pressure refers to pressure associated with:
a.  Blood in motion
b.  A fluid at absolute rest
c.  A solid vessel wall only
d.  A fluid's temperature alone
33.  A pressure gradient is defined as the:
a.  Difference in pressure between two locations
b.  Difference in blood density between two locations
c.  Change in vessel length over time
d.  Rate of change of hematocrit
34.  Under ordinary physiologic conditions, blood moves from:
a.  Lower pressure to higher pressure
b.  Higher pressure to lower pressure
c.  Lower velocity to higher velocity regardless of pressure
d.  Greater density to lower density regardless of pressure
35.  At a stenotic throat, Bernoulli's principle predicts which simultaneous change, compared with an upstream wider segment?
a.  Lower velocity and lower pressure
b.  Higher velocity and lower pressure
c.  Higher velocity and higher pressure
d.  Unchanged velocity and higher pressure
36.  Which principle underlies the reciprocal relationship between pressure energy and kinetic energy?
a.  Conservation of energy
b.  Conservation of electrical charge
c.  Pascal's law alone
d.  Thermal conduction
37.  Why may distal pressure fail to recover fully after an arterial stenosis?
a.  Some energy is dissipated by turbulence and viscous friction
b.  Blood density becomes zero within the stenosis
c.  Elastic energy is created distal to the lesion
d.  Gravity always increases distal pressure
38.  In the chapter's arterial stenosis Doppler example, where is peak systolic velocity greatest?
a.  Proximal to the stenosis
b.  Within the narrowed lumen
c.  Distal to the stenosis
d.  Identical at all three sites
39.  Doppler spectral analysis estimates stenosis severity primarily by measuring:
a.  Blood pressure directly
b.  Blood velocity and velocity ratios
c.  Vessel wall mass directly
d.  Plasma temperature
40.  Which property is defined as mass per unit volume?
a.  Viscosity
b.  Density
c.  Compliance
d.  Pressure
41.  Approximately what fraction of normal whole blood is plasma?
a.  25%
b.  45%
c.  55%
d.  75%
42.  The chapter gives an approximate normal whole-blood density of:
a.  760 kg/m³
b.  1,060 kg/m³
c.  1,540 kg/m³
d.  2,060 kg/m³
43.  Inertial mass reflects an object's resistance to:
a.  Changes in velocity
b.  Changes in chemical composition
c.  Transmission of ultrasound waves
d.  Alterations in plasma protein concentration
44.  At constant applied force, a larger mass undergoes:
a.  Greater acceleration
b.  Less acceleration
c.  Identical acceleration regardless of mass
d.  No inertial effects
45.  Viscosity refers to the:
a.  Internal friction resisting motion between fluid layers
b.  Force due solely to the height of a fluid column
c.  Elastic recoil of the vessel wall
d.  Amount of blood mass per unit volume
46.  In a typical laminar velocity profile, blood velocity is greatest:
a.  Immediately at the vessel wall
b.  Near the center of the vessel
c.  At all radial locations equally
d.  Only in the adventitia
47.  Which change is most likely to increase blood viscosity?
a.  Reduced hematocrit
b.  Increased hematocrit
c.  Greater arterial diameter
d.  Lower vessel length
48.  Increasing viscosity, with other factors held constant, generally:
a.  Decreases resistance to flow
b.  Increases resistance to flow
c.  Eliminates energy loss
d.  Increases flow in direct proportion
49.  The Hagen-Poiseuille model assumes flow through a:
a.  Rigid cylindrical tube containing a Newtonian fluid
b.  Highly irregular collapsing vein with turbulent flow
c.  Branching vessel with active autoregulation
d.  Rotating conduit with varying radius
50.  Under Hagen-Poiseuille conditions, volume flow rate is proportional to which power of vessel radius?
a.  First
b.  Second
c.  Third
d.  Fourth
51.  If vessel radius is doubled while all other Hagen-Poiseuille variables remain constant, flow increases by a factor of:
a.  Two
b.  Four
c.  Eight
d.  Sixteen
52.  If vessel radius falls to one-half its original value under ideal Hagen-Poiseuille conditions, flow becomes:
a.  One-half of the original
b.  One-quarter of the original
c.  One-eighth of the original
d.  One-sixteenth of the original
53.  Which change in an arteriole lowers resistance and promotes perfusion?
a.  Vasoconstriction
b.  Vasodilation
c.  Increased viscosity
d.  Longer vessel length
54.  Elasticity is the ability of a material to:
a.  Return to its original shape after deformation
b.  Maintain a fixed diameter despite any pressure
c.  Dissipate all energy as heat
d.  Prevent blood from moving
55.  Compared with a stiff artery, a more elastic artery will generally show:
a.  Less expansion for the same pressure rise
b.  Greater expansion for the same pressure rise
c.  No cyclic change in diameter
d.  Greater blood density
56.  A smooth endothelial lumen primarily favors:
a.  Orderly laminar flow with less disturbance
b.  Persistent turbulence under all conditions
c.  Increased platelet adhesion by default
d.  Complete elimination of viscous resistance
57.  Flow separation and eddy currents may develop when:
a.  Plaque or irregularities disturb the lumen
b.  The wall is perfectly smooth
c.  Blood viscosity reaches zero
d.  No blood flow is present
58.  A low-resistance arterial Doppler waveform is characterized by:
a.  Substantial forward flow during diastole
b.  Complete absence of diastolic flow
c.  Mandatory persistent reversed systolic flow
d.  Identical systolic and diastolic pressures
59.  For a given pressure gradient, increasing flow volume through a vascular bed implies:
a.  Higher resistance
b.  Lower resistance
c.  Unchanged resistance by definition
d.  Zero arterial pressure
60.  Which Doppler velocity change generally lowers the resistivity index, assuming peak systolic velocity stays constant?
a.  A decrease in end-diastolic velocity
b.  An increase in forward end-diastolic velocity
c.  An increase in vessel wall thickness
d.  An increase in blood density
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