Use of Calculus in Advanced Higher Physics

Differentiation

1. 
obtaining velocity from displacement time graphs and obtaining acceleration from velocity time graphs.
Let us first understand the concept of ‘rate of change” (with respect to time). For example, you know from Higher Physics that speed is the rate of change of distance and that velocity is the rate of change of displacement and so on.
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Think of this as:
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In other words, when we differentiate for a given quantity we obtain the rate of change of that quantity (with respect to time). Simply, this can be found by calculating the gradient of the line. 

Example:


From Figure 1, find the acceleration of the yacht.

Integration

2.
Obtaining velocity from acceleration vs. time graph (constant acceleration). 
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From Nat5 you knew that if you want to find displacement you find the area under a velocity time graph. Likewise the velocity can be found from the area under an acceleration time graph.

From Figure 2 calculate the following (assume the vehicle started from rest):

a)
v at 1 second.

b)
(v from 1 to 2 seconds.

c)
v at 2 seconds.

d)
(v from 2 to 3 seconds.

e)
v at 3 seconds
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3.
Obtaining velocity from acceleration vs. time graph (stepped accelerations). 
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It becomes more complicated when the vehicle has changing motion as in the example below, but it is still fairly simple.

From Figure 3 calculate the following (again, the object started at rest):

a)
v at 1 second. 

b)
Δv from 1 to 2 seconds.

c)
v at 2 seconds.
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4.
Obtaining velocity from acceleration vs. time graph (da/dt constant).
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Obtaining the velocity from the previous two graphs was relatively easy, since we could simply add the two well-defined areas together. However, this simple method would be inadequate for a more complex situation such as that described by graph 4a (pretend that you don’t know the formula for the area of a triangle because later this method wont work so we need an alternative!). For this example assume the initial velocity is zero. 
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In a situation like this, we must estimate the area (and therefore the final velocity) by constructing a series of thin columns. or “elements”, across the time range described (see graph 4b). The thinner the elements, the more accurate we will be (since the value of a will not change significantly across each element). We then add the area of each rectangular element together to obtain the final velocity.

Try this and then compare with the actual area of the triangle method for calculating change in velocity .

This is what we mean by integration.

When the graph is too complex to obtain a simple area, we construct a series of elements and add (or “integrate”) these together. More of this later.
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5. 
Integration
We will now apply this method to a really complex situation.
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Amateur boxers must wear a compulsory head guard (only when they are boxing, obviously) in order to limit the force applied to the head when it is punched. A test using sensors implanted in one such head guard obtained the results shown in Figure 5.

Note that during the contact the force increases to a maximum and then decreases to zero, but not at a constant rate.
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In order to calculate the average force we must first obtain the change in momentum then divide by contact time.

Remember that: 

Impulse 
= average Force x contact time


= Δmomentum, which is constant for a given blow.


= area between the line and the time-axis.

Therefore, we can obtain the change in momentum from the area.

In other words, we can obtain Δmomentum by integrating force with respect to time.

Choosing thin elements (across which F does not change significantly), obtain an estimate of the change in momentum.

6.
Calculus in Advanced Higher Physics
You will use this skill at various stages of the course, but always in the same way. Integration is particularly useful when we need to establish the product of two variables which are not constant We will return to this later.

Remember:

differentiate (i.e. find gradient. dy/dx)
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integrate (i.e. find area between line and x-axis)

Derivation of Equations of Motion.
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	Check second line both a and t are squared.

	
[image: image17.wmf]as

u

v

2

2

2

+

=

           
	
	
	


2014
[image: image18.emf][image: image35.wmf](i.e. change in s ÷ change in t)

(i.e. change in v ÷ change in t)

s

v

t

v

a

t

D

=

D

D

=

D



CONSTANT VELOCITY
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BASICS OF MOTION CALCULATION
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TO FIND v AT ANY TIME SUBSTITUTE IN t
constant velocity look for( t

constant acceleration look for ((t2
non uniform acceleration look for (t3 or greater.
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Figure � SEQ Figure \* ARABIC �1�: Acceleration of a yacht.
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Figure 4b
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