
	
	Resource 5: Calculus – Integration
Worksheet answers


[image: ]
Integration answers
Worked example 1 – Definite integral (cumulative change)
This example shows how a definite integral (limits) calculates a total quantity, such as volume over time (flow rate).
HINT: Definite integral: Used to find the total quantity between two points
Problem 
The flow rate () of water through a cooling pipe in m3/min is given by the function: 

Find the total volume of water that passes through the pipe during the first 5 minutes ( to ).
HINT: When integrating, add 1 to the power and divide by the new power.
	Step
	Instruction
	Working

	1.
	Formulate the integral. 
Total volume, is the integral of the flow rate function, .
	

	2.
	Integrate term by term. ()
	


	3.
	Apply the limits (definite integral). 
Substitute the upper limit () then the lower limit () and subtract.
	


	4.
	Calculate the result.
	



Worked example 2 – Indefinite integral
HINT: Indefinite integral: Used to find the general formula 
Problem
The velocity () of a component starting from a test rig is given by:
. 
If the component starts from a position (when ), find the equation for its displacement . 
	Step
	Instruction
	Working

	1.
	Integrate the velocity function to find the displacement function .

	




	2.
	Use the initial condition to solve for the constant of integration . (When , ).
	





	3.
	Write the final, specific equation for displacement.
	




HINT: Always add the constant of integration  because integration tells us the shape of the movement, but  represents the specific starting position which cannot be known from the velocity alone.


Student activity – Integration for cumulative effects
You are a Maintenance Engineer responsible for tracking the performance and energy usage of manufacturing machinery. You cannot simply read the total energy meter because the machine's power output fluctuates over time.
You must use the mathematical technique of integration to calculate the exact total energy consumed by the machine over a specific period, given the function that describes its instantaneous power output.
The instantaneous power consumption,  (in Watts) of a new motor is modelled by the function: , where is the time in seconds.
Calculate the total energy,  (in Joules) consumed by the motor over the first 5 seconds of operation ( to ). Remember: Energy is the integral of power over time:

The first step has been completed for you.
	Step
	Instruction
	Calculation

	1.
	Formulate the definite integral.
(limits and ).
	

	2.
	Integrate the power function  term by term.
	


	3.
	Apply the upper limit ().
	


	4.
	Apply the lower limit ().
	

	5.
	Calculate the total energy 
().
	total energy, 
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1
Integration practice question answers
	Problem
	Integrated expression 
	Calculation for final answer
	Final answer

	Find the integral .
	
	N/A (indefinite integral)
	

	Velocity Displacement (indefinite) 
The velocity of a vehicle is . If the initial displacement 
Find the equation for displacement .
	

	
So, 
	


	Force Impulse (definite)
The force (, in ) applied to a component is . Calculate the total Impulse (area under the curve) generated from to seconds.
	
	



	


	Calculate the definite integral: 
.

	
	




	(or )
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