[image: ][image: ]
[image: ] [image: ]
[image: ] [image: ]
[image: ] [image: ]
image5.png
Tips and Tricks:

= When converting between unit you will generally just need to use the formula AP = pgd. Here,
p s the density of the liquid you are considering, and d s its height in metres .8 100mmHg
convertsas:

AP = (density of Hg) g (height of mercury)
= (1.36 x 10* kg/m*)(9.8m/s?)(100 x 10~*m)
=13000Pa

« When determining capillary rise or fall from contact angle you can think of the liquid being a
droplet on its side
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Fluid Dynamics:

What you need to know:

Solve problems using the continuity equation, Bernouli's equation, and Poiseuille’s equation
Understand the difference between a Newtonian and non-Newtonian fluid
Describe the following types of flow and when they happen

o Laminar flow

o Bolus flow

o pulsatile flow

o Turbulent flow
Calculate the Reynold’s number and use it to predict f  fluid il be turbulent
Calculate the surface tension in the walls of blood vessels
Use graphs of pulsatile flow to calculate the net flow rate
Describe how an aneurysm forms

Tips and Tricks:

Remember that Bermoulli’s equation is for an ideal flid (no viscosity) and Poiseuille’s equation is
for viscous fluids

The continuity equation is true independent of the type of fluid or flow, what goes in must come
out

Be very careful to look at the units of a Pulsatile flow graph. The y axis is sometimes given in
units of (lengthl/[time] and sometimes in units of [volumel/[time]

Boltzmann Equation and Sedimentation:
What you need to know:

Use the Boltzmann equation to solve problems about the probability of particles in a given
energy state
Use the Boltzmann equation to compare particles found in two different energy states.
Solve problems about Perrin's experiment
Use Archimedes’ principle to find the buoyant force
Determine percent of an object that will be submerged for a given density
Solve problems about centrifuge and sedimentation
Explain the following ideas:
© What s the terminal velocity of a sedimenting particle?
© What s effective gravity and how do you calculate it?
© Why centrifuges are necessary to separate particles?
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Tips and Tricks:

‘When solving Perrin's experiment problems you wil usually want to collect most variables into
‘one constant that remains unchanged for a given experimental setup e.g. when only considering
achange in height

R )
e R
N
Define
Vo -pdg

For a specific experimental setup you can solve for q from given data and know that it will
always obey the relation:

There isn't a lsted equation for Archimedes principle, but the buoyant force is equal to the
weight of liquid displaced: Fy = mg

You can find the percentage of a body that wil be submerged by taking the ratio of densities:
Prody

Priquid

‘When calculating the effective gravity make sure you input the centrifuge frequency f in units of
Hertz (s™*) which is equivalent to revolutions per second

Yosubmerged =

Random Walk, Diffusion, and Osmosis:
What you need to know:

Describe a random walk and solve problems in 1, 2, and 3 dimensions
For a given data set of particle displacement calculate:
© Mean displacement
© Mean square displacement
© Root mean square displacement
Calculate the diffusion coefficient of a sphere
Use Fick's to solve problems about the movement of particles across a membrane
Solve problems about the diffusion coefficient and molar mass of a particle
Physically describe the following situations and their effects on a cell:
o Isosmotic
o Isotonic
© Hypertonic
© Hypotonic
Solve problems about osmotic pressure
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« Distinguish between osmolarity and osmolality, talking about the pros and cons of each and how
they are related
« Calculate the change in cell volume based on given concentrations

Tips and Tricks:

* When solving a problem with Fick's aw it is best to use unit analysis throughout the calculation.
Many variables will be given in different units e.¢. nm?,dm~?, mol/L etc. and you need to
‘ensure that all your units will properly cancel

* When calculating the cell's change in volume it will be:

dif fernce in osmolarity
‘osmolarity of outside

9% chang

Heat:
What you need to know:

Calculate the amount of heat required for temperature changes and phase changes
Solve problems about the power (heat loss per time) of a thermal system
Be able to describe and solve problems about the three heat transfer mechanisms:
o Conduction
o Convection
o Radiation
* Understand blackbody radiation and calculate relevant quantities using Planck's law, Wien's law,
and the Stefan-Boltzmann law
 Use Newton's law of cooling to solve problems about heat transfer

General Tips and Tricks:

© ALWAYS keep track of your units, unit analysis is one of the quickest and easiest ways to check if
You are solving a problem correctly

 You willfrequently want to take the ratio of two equations (or the same equation for two.
different situations) to cancel out unknown variables

« Anytime an angle appears outside of a trig function it needs to be input n radians 5o itis
encouraged to complete allcalculations in radians to be consistent

 When starting a problem, you should begin by writing down every given variable and every
‘wanted variable in the problem. Then collect all relevant equations for this problem and that
should give you a good idea of how to solve the question.

« Pictures are always a good idea to make a problem clearer

* You'll want to memorize a few geometric equations such as Vippere = $7° Of Agirqe = 7%

 You should always be keeping track of your units and double checking that they cancel properly
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Kinematics:
What you need to know:

« The difference between vectors and scalars
o speed vs. Velocity, Displacement us. Distance etc
« How to decompose vectors Into components
« Addition and subtraction of vectors
o Calculate relative velocities
« Be able to move between position-time, velocity-time, and acceleration-time graphs
« Solve 1-dimensiona problems with uniform motion
* Understand how to solve constant acceleration problems e.g. constant g falling
o Use the Galilean equations to solve for any of: x,,,0r ¢
« Solve 2-dimensional kinematics problems
o Understand how the x and y equations can be solved (almost) independently
 Understand how time ¢ connects the x and y component equations

Tips and Tricks:

« Be careful that your vectors are properly lined up tip to tail when adding or subtracting
« Aways include both a magnitude and direction whenever dealing with a vector quantity

Forces and Motion:
What you need to know:

« Newton's laws of motion
o Object at rest (or in uniform motion) willstay at rest (or in uniform motion) unless acted
upon by an external force
o F=ma
o For every force there is an equal and opposite force
«  Solve problems about gravitational forces and acceleration
o Understand the difference between mass and weight
o Calculate the gravitational force on Earth's surface (F = mg) and using Newton's law of
Universal Gravitation (F = &)
« Solve problems in transiational equiliorium (Fpe; = 0)
«  Solve problems with non-zero net forces
«  Solve problems involving friction
o Understand the difference between kinetic and static friction and when to use each
o Calculate the normal force on an body both on flat ground and on a slope
« Conservation of Momentum
o Understand how x and y components of momentum are independently conserved
© Beable to solve momentum problems when the bodies do or do not stick together
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Conservation of Energy
o Understand how to calculate both kinetic and gravitational potential energy
o Use energy methods to solve for the motion of a body
o Work energy theorem
o Be able to calculate work done with a force applied at any angle 6
o Calculate the power of 2 system

Tips and Tricks:

Make sure to always split up your vectors (force and momentum) into components
‘When using Newton's Law of Universal Gravitation make sure to calculate r from the centre of
the body not the surface
When given only an initial and final state of a problem that is your que to use one of the.
conservation laws.

o Achange in height - conservation of energy

o Anytype of collision - conservation of momentum

Circular and Rotational Motion:
What you need to know:

Understand the difference between uniform circular motion (moving in a circle) and rotational
‘motion (spinning about a point)
Solve problems involving uniform circular motion and understand the concepts of centripetal/
centrifugal forces.
‘Torque and rotational equilibrium

© Understand the difference between translational and rotational equilibrium

© Calculate the net torque on a body given applied forces

o Solve problems in both rotational and translational equilibrium
Rotational Kinematics

© Beable tosolve problems using the rotational versions of the Galilean equations

o Identify the analogous connections between rotational and translational variables

(Table 1)
o Mathematically understand the connection between rotational and translational
quantities o

© Convert between different rotational units such as:

* RPM o rads™
* Revolutions « radians « degrees

Calculate the moment of inertia of point masses about a given pivot

Solve problems involving torque and the moment of inertia for different shapes.

Solve problems with conservation of energy with both rotational and translational kinetic

‘energies as well as gravitational potential

Solve problems with conservation of angular momentum
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Tips and Tricks:

Rotational and Translational problems are directly analogous to each other so the skills
developed in the first unit can be readily transferred. Table 1 lsts the analogous quantities
between each unit:

Table 1
Linear Motion Rotational Motion
Linear Position ‘Angular Position®

xom 6 - rad
Linear Velocity “Angular Velocity*

v m/s w - rad/s
Linear Acceleration | Angular Acceleration®
a-m/s? arad/s?

Mass ‘Moment of Inertia
m- kg 1-kg-m?

Force Torque
FoN T Nm

Linear Momentum | Angular Momentum*
pokg-m/s | L—kg-m?rad/s

*Note that rad aren't actually a physical unit but are placed here to remind the student these
calculations need to be carried out with radians and not degrees.

Torque shouldn't be split into components ke force
When using conservation of energy make sure to always account for both kinds of kinetic energy
Ensure you are doing rotation calculations with radians not degrees

‘The equation 3, m;r? applies only for point masses

Elasticity and Scaling:
What you need to know:

Understand the difference between shear and strain
Determine whether a material s perfectly elastic

Solve problems using the equations for Young’s modulus and shear modulus

Be able to calculate ratios (for shears, strains, twist agnle etc.) of different materials and objects
Understand how different physical quantities scale, related to length we know
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Tips and Tricks:

Be careful with your units for Shear and Strain (A s frequently given in units other than m?)
Ensure you use radians when calculating the twist angle of solid or hollow rods.

‘General procedure for a lot of these problems s to take the ratio between two known quantities
‘which allows you to cancel most variables e.g. ratio of solid to hollow twist angle for the same
material, length and twist angle will simplify to

o (%)
G

o
When doing a scaling problem, it's best to write every parameter in terms of length and set the
lengths equal to each other (watch your exponents)

Fluid Statics:
What you need to know:

How to convert between different pressure units including:
Pa

kPa

mmHg

mH,0

cm Blood

Atm

psi

Understand the difference and relationship between gauge and absolute pressure
Calculate the pressure based on depth using AP = pgd

Solve problems involving multi chamber manometers

Calculate the pressure or density at different heights in the Earth's atmosphere

Know the ideal gas law, when it i valid, and solve problems finding any of its variables
Define capillary ise/fall and surface tension

Solve problems involving surface tension in bubbles

Calculate the capillary rise or fall of a given liquid
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