
Biophysics Pass notes 
Pico=10-12 nano=10-9 micron 𝜇= 10-6 milli=10-3 killo=103 
 Density: mass/volume 
 Pressure: P=F/A = density*g*h 
 Why aren’t we crushed by pressure?  
Because our cells maintain the same inner pressure pushing outwards.  
 Pressure decreases as the altitude increases, increases as the ocean depth. At the sea level, we won’t feel the pressure but as 

we go deep into the ocean, we could feel the increase of the pressure.  
 Gauge pressure: the amount by which the pressure measured in a fluid exceeds that of the atmosphere. (atmosphere pressure 

NOT taken into account) 
Example: any pressure we measured in the daily life, blood pressure (use sphygmomanometer to measure)  

 Absolute pressure: gauge pressure + absolute pressure 
 Buoyancy: an upward force exerted by a fluid that opposes the weight of an immersed object. 
 Basis for buoyancy: difference in pressure at different depths  
The pressure is higher at the bottom surface of the cube than at the top. Hence the force upward on the bottom force by the water is 
greater than the downward force on the top face- the difference is a net force upward by the water.   
 Archimede’s pressure: the buoyant force on a submerged object is equal to the weight of the fluid it displaced. 
 Sample question: A ping pong ball has diameter 40mm, what’s the tension force in the string? (ignore the weight force of the 

ball) 
***density of water: 1g/cm3   1000kg/m3  

 
 When vertical, the pressure of the brain is smaller than that of the heart. So when a person quickly stands up from lying down, 

the pressure of the brain decreases.  
 When a person feels faint, sometimes they are advised to sit down with their head bent down low between their knees. Explain 

briefly, in terms of blood pressure, the basis for this advice.  1. The blood pressure to the brain/head is lower than the heart 
since hydrostatic pressure depends on the distance/ depth downward in the fluid and is lower for higher positions.    

 Flow rate: the volume or mass passes a given point per unit time. Unit: l/s or kg/s   
 

the equation of continuity:  in a liquid (incompressible), the flow rate at any two points must be 
equal as the same volume passes through the tube.  
                       For liquids at constant density, Q= v1A1=v2A2 
                        (Volume flow rate) 
 

 
 Viscosity: the internal friction of real fluids, a frictional force between adjacent layers of fluid as the layers move past one 

another  
Can be measured from forces on a moving plate  

 
Laminar (smooth) 
 
 

           turbulent 
             

 Poiseuille’s equation  
 
 
 
 
 
 
 Newton’s 3 laws 
1st:  an object either remains at rest or continues to move at a constant velocity, unless acted upon by a net force. 
2nd: the vector sum of the forces F on an object is equal to the mass m of that object multiplied by the acceleration vector a of the 
object: F = ma. 
3rd: When one body exerts a force on a second body, the second body simultaneously exerts a force equal in magnitude and 
opposite in direction on the first body.  
 How should we arrange factors: head to tail  

 Why is it easier to pull a crate across 
the floor than push? 
Pushing exerts an external force downwards, 
increasing the normal force, thus the friction 

force.  
                                                                            Elastic forces on the blood 
vessel  

Fluid inside has a pressure 
greater than the outside, which 
exerts forces outward on the wall  

According to Newton’s third law, the wall must 
exert forces in                                       

Elastic forces along an 
artery result in a 
resultant force into the 
inside of an artery  
Why are tension forces 
in the artery walls ever 
at the lowest at the 
blood pressure. 
(diastole) 
 Blood pressure is non-
zero since blood exert 
force within stretches 
the walls.   

https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Net_force
https://en.wikipedia.org/wiki/Vector_sum
https://en.wikipedia.org/wiki/Forces
https://en.wikipedia.org/wiki/Mass
https://en.wikipedia.org/wiki/Acceleration


opposite direction.  
  
 
 

 
 
 
 

 

Sample question: I am pushing the table across the room(5m) by applying horizontal force. The table is moving at constant 
velocity. The table has mass 25kg and has a coefficient of friction 3. How much have I done?  
 
 
 
In pushing the table at only 10% efficiency, how much energy have I needed to produce to push the table?   
 
 
 
 
It takes me 10 seconds to push the table, what has my overall power output been?  
 
 
 
 

 
 Surface tension:  

Capillary:  
 
why your nose run when you are crying?   
The lacrimal glands near the corners of your 
eyes create tears, some of which empty from 
the eye and run down the face. The extra tears 
empty through the nasolacrimal ducts at the 
corners of the eyes and then run into the 
sinuses. When someone is crying especially 
hard, the copious amount of tears that runs 
into the nose through the nasolacrimal glands 
flows out of the nose, thereby causing a runny 

nose.  
 
 
 Sedimentation: a balance between the forces 
keeping the stuff floating (drag + buoyant force) and 
the force fulling it down(mg) 
 
 
 
 
 
 
 
 
 
 
 

 Torque:  
                            
 
 
 
 

Friction is reduced by a ‘lubricant’ between 
moving surfaces, including: • Mucous coating 
around organ, e.g. pleural lining between 
lungs and chest cavity • Saliva between 
tongue and mouth • Synovial fluid in joints, 
results in a very small coefficient of friction, 
typically µs ≈ 0.01, µk ≈ 0.01  

 

As the blood pressure increases, the section of wall has tension forces on it. Work is done as the section expands and energy transferred 
to the wall as elastic potential energy.  
How is the energy utilized in the cardiovascular system? It is used to keep blood relatively constant, as the blood is pushed along 
after the elastic recoil of the artery wall 
How pressure may be higher inside a blood vessel than outside it? 1. Both systolic and diastolic pumping pressures of heart are 
above atmospheric and tissue is essentially at atmosphere pressure. 2. Necessary so that blood vessel does not collapse 3. Kept in by 
the elasticity of the blood vessel walls.    
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  
 
 
 
 
 

 
 
 
 

 
 

 circular motion:  
centrifuge: In a sample tube containing liquid and sediment which has been centrifuged, some particles 
end up at the top of the sediment in the tube and some at the bottom. What two characteristics 
determine which particles end up at the top? Briefly explain why. 
1) density – lighter particles will sediment more slowly than heavier particles (of the same size) and hence remain near the top. 
2) size: - smaller particles will sediment more slowly than heavier particles (of the same size) and hence remain near the top. 
(Larger particles have mass proportional to radius cubed and cross sectional area proportional to radius squared; larger particles 
thus move at higher speeds so that the upward drag and the gravitational force downward balance 

 
sample question:  
when you swing a bucket around you (in a horizontal plane), at constant speed which way is the bucket accelerating?  
 
 
 
If that bucket is 2 kg, what is the tension force in your arms if v=1m/s, and your arms are 0.7m long? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample questions: It takes me 300N to stretch a spring by 0.5M, how much energy is stored in the spring?  
 

      
 
 

Center of ball of foot: 脚前掌   pivot point：ankle 

joint   the end： back of heel 

 



Gases:  
 PV=nRT  
 Partial pressures: in a mixture of gas, each gas has a partial pressure which is the hypothetical pressure of that has if it 

alone occupied the volume of the mixture at the same temperature.  
 Total pressure of the ideal gas mixture: the sum of the partial pressures pf each individual gas in the mixture.  
 Diffusion:                  
 Osmosis: net movement of solvent molecules through semi-permeable membrane into region of high osmolarity.  1 

mol NaCl has 2 osmol of solvents        
 *Osmotic pressure: the minimum pressure which needs to be applied to a solution to prevent the inward flow of water 

across  a semipermeable membrane.  
 pV=nRT /p=density*g*h (the difference in height between the two solutions in the U tube).  
  

                                                           
                                      
 
 
 
 
 
 
 

Movement of water at equilibrium: water molecules are able to pass through the semi-
permeable membrane, they pass through due to random/thermal motion, in equal amounts 

in both directions. The concentration of water on both sides is equal.     
 
What two factors will decrease the diffusion constant D of a molecule in a medium?  
1.Temperature   2. Large molecule   3. Large viscosity   4. Density of the medium    
Why there is a difference in P water between the left and right compartment of the tube as presented in the 
starting situation for osmosis in the diagram, even though the level of the liquid is the same? Initially the total 
P is the same on both sides since the levels are the same. But in terms of partial pressures, P water left (solute=0) 
= P water right + P solute  

How does this drive osmosis? Water molecules flow to the right through the semi-permeable membrane, increasing the 
concentration of water until the water has equal concentration (i.e. partial P) on both sides. Then the flow will stop. This movement 
through the membrane is osmosis. The difference in heights is the osmotic P ( the P that would have to be applied to a pure solvent 
to prevent it from passing into a given solution by osnosis).  

 
 
 
 

 
 
 
 
  
 
 
 
The rate of absorption of a goes into a liquid, depends on the concentration of gas molecules hence the concentration of 
muscles is directly Proportional to the gas P.   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
Cardiovascular System: 

 Spherical cow: a humorous metaphor for highly simplified scientific models of complex real life phenomena. 

 The complicated structures of the body, capillaries of the heart and lung, and the turbulent flow of the blood. Impossible to 

model them in perfect detail, some are unsolved problems. We need to make sure the key features of the real model are 

there. 

 Our simplifications in CVS:  1. Non-pulsatile flow (continuous flow without periodic variations, simple pump) 2. Linear 

flow/pressure relationship    3. One artery and one vein        4. No lungs                          b          

 

pressure difference causes the flow 

 Greater P difference, greater flow (linear 

relationship) 

 The green graph- make the tube smaller 

 Flow rate = delta P/R (resistance in green line is 

higher) (hydraulic analog of Ohm’s law)  

 The main determinant of flow rate is the 

resistance because pressure remains constant through 

CVS since it is a closed system.  

 Three factors that determine resistance: 1. Viscosity: larger viscosity, higher resistance  

2. length of tube: R is proportional to L    3. Radius of tube: R is proportional to 

1/r4  

 During vasoconstriction: radius decreases, R increases, flow rate decreases   

 

 

 

 

 

 

 

Cardiac Output: Flow of the left ventricle, the right atrium pressure goes up, the CO goes up. 

 stop the heart, there is still pressure in the circulation because the total volume in the circulation is slightly above the Vo 

 so heart is not what causes the pressure difference instead of pressure! When heart stops, F=0, delta P=0, all of the 

pressure becomes the same. When there’s no energy anywhere in the system, the flow will not stop immediately. When the 

heart is bumping normally, the pressure in the artery is higher than that of veins because of the difference in resistance. 

When the heart is stopped, the higher pressure in the artery will push some blood into the veins until the pressures are equal, 

then there’s no flow.  

 Blood flow comes from the body 
into the right atrium 

 Then it goes down into the right 
ventricle 

 Then it goes up into the lung and 
comes back from the lung into 
the left atrium 

 Then goes into left ventricle 
 The left ventricle pumps the 

blood into the blood, in liters per 
minute, called cardiac output   

 R arteries >> R veins  
 The right atrium is a balloon, 

read the pressure at Vo, then read 
the CO from the left ventricle 
flow- right atrium pressure 
graph.   

https://en.wikipedia.org/wiki/Metaphor
https://en.wikipedia.org/wiki/Scientific_model


 This pressure is called the mean filling pressure: average pressure in the circulation. The pressure when you stop the heart. 

 So heart is not the only source of the energy, the other energy source is the stretching of the walls by filling the vessels 

above Vo. The kidney is what keep your blood vessels stretched.  

 As blood is pumped out of heart and flows into the arteries, the average pressure does not change: the veins are very 

compliant, the arteries are very stiff, so putting a little bit of blood in the arteries increase the pressure a lot, taking blood 

from the veins does not change the pressure that much. There’s a lot of blood in the veins, and not lots of blood in the veins. 

Thus, a big number of blood have a small change, and small number of blood have a big change. So the average is still the 

same.    

 vao: unstressed volume of the arteries  

 va: total volume in the arties 

 vae: stressing(excess)volume in the arteries = va – vao 

 Compliance: how easily a blood vessel expands when it is filled with a 

volume of blood, i.e. when pressure changes. For low compliance, 

increase a little bit volume, the pressure would change a lot.                 

Compliance= delta V / delta P= stressing volume/ pressure   

 The pressure in a compartment: total volume - unstressed volume (stressing V)/ compliance   

 the compliance of a vein is larger than the artery. Therefore, as blood volume increases, the pressure will change lesser 

in veins than in arteries. Also, veins can accommodate a larger change in the volume if there’s a change in 

pressure.   

 MAP: arterial pressure      CO: cardiac output: stroke volume (the amount of blood ejected per beat into 

the artery) * the number of beats per minute   SVR: systemic vascular resistance    CVP: central venous pressure  

 The MAP is really important because it is what pushes the oxygenated blood in the arteries to all the tissues.    

 In the event of blood loss, there is a decrease in arterial pressure: decrease the compliance to return the arterial pressure 

into normal (for the same volume, there is a large change in pressure)    

 If total resistance decrease, increase CO to maintain MAP.  

 The heart generates the pressure gradient:  MAP – CVP, this is what drives the flow of blood.  

 Flow occurs only from high pressure to low pressure, so a pressure gradient must exist throughout circulatory system to 

maintain blood flow.  

 Systole: the part of the cardiac cycle when the ventricles contract 

 Diastole: when the heart muscle relaxes and allows the chambers to fill with blood 

 Why doesn’t arterial pressure fall to 0 during diastole?  

You still have blood in your arteries, they are never really empty. (elastic) 

 When the heart is weaker, the blood pressure falls, the average pressure remains the same 

 The resistance slower, blood can get out of the arteries more easily, more blood will cross over to get into the veins. CO 

increases because less energy is lost, arterial pressure decreases, flow increases, average pressure increases  

 Starling’s law: the more the heart muscle is stretched when it is filling, the more forcefully it will contract.  

Vo resting volume 



 The stroke volume of the heart increases in response to an increase in the 

volume of blood filling the heart when all other factors remain constant. When a 

larger volume of blood flows into the ventricle, the blood will stretch the wall of 

the heart, causing a greater expansion during diastole, which in turn increases 

the force of contraction and thus the quantity of blood that is pumped into the 

aorta during systole.   

 

 

Bioelectricity:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The separation of charged ions is what cause the membrane potentials 
 The concentration gradient fights the electrical gradient  
 
When these two balance out = Nernst potential  
 Because there is more than 1 ion, we use GHK       

equation to combine them all  
 If the membrane is more permeable to a particular ion, then the overall membrane 

potential will lean towards that ion.  
 Permeability: the open and close od ion channels  
 Although k2p open, K cannot move out due to the negatively charged protein, charge gradient, which reached an 

equilibrium  
 Action potential: a signal  
 The RMP is negative (relative negative only to the outer side of the cell!): 1. Proteins inside the cell are negatively charged, 

there’s no proteins outside the cell  
2. concentration of ions,  

Resting membrane potential: 

Development:  

 Primarily, resting membrane potential is due to changes in membrane permeability for ions (K+, Ca+, Cl-, which 
causing an uneven distribution of ions across the membrane of a nerve cell.  

 Arises from the fact that the membrane of nerve cells, lined in phospholipids – which are not permeable to ions, and 
transport of ions across the membrane require a transporter protein.  

 At resting potential: Potassium ions are found in high concentrations on the inside of the nerve cell. Potassium 
channels called K2P channels are open at rest. This means that potassium ions can leak out of the cell following the 
concentration gradient. Yet the negatively charged proteins inside the cell (causing a membrane potential) attract K+ 
back into the cell. Equilibrium potential for K+ results when the electrical gradient exactly opposes the concentration 
gradient – that is the rate of K+ leaving the cell due to the concentration gradient is equal to the rate of K+ entering the 
cell due to the electrical potential.  

 The neurons have far more K+ leakage channels than Na leakage channels. Therefore K+ diffuses out of the cell at a 
much faster rate as K+ comes in.  

 


