Arizona’s College and Career Ready Standards – Mathematics for ENGINEERING SCIENCES  
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	Number and Quantity: The Real Number System (N-RN)
Extend the properties of exponents to rational exponents.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.N-RN.A.2. Rewrite expressions involving radicals and rational exponents using the properties of exponents.
	A II
	HS.MP.7. Look for and make use of structure.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To use radical or rational formulas to determine the growth of the number of transistors on integrated circuits and make projections about future growth.
	Question 1
Write an equivalent equation for Moore’s law, given below, that uses rational exponents.

[image: ]

Solution:
[image: ]








	Number and Quantity: Quantities ★ (N-Q)
Reason qualitatively and use units to solve problems.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.N-Q.A.1. Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.
Connections: SCHS-S1C4-02; SSHS-S5C5-01
	A I
★
	HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.6. Attend to precision.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
	To use unit conversion to convert volts to kilovolts







To use unit conversion to determine how a far a car can travel in a set number of minutes when provided with a speed in miles per hour.



To convert velocities from miles per hour to meters per second.








To convert kilowatts to horsepower.

	Question 1
A generator produces 500,000 Volts. What is this amount produced in kV (kilovolts)?

Solution:
	1 kilovolt = 1000 Volts

	


Question 2
A car is traveling at a constant speed of 55 miles per hour. How far will the car travel in 45 minutes?

Solution:
41.25 miles
 
Multiply by 0.9167 miles per minute by 45 miles



Question 3

A bicyclist is moving at a constant speed of 10 miles per hour. Convert this speed to meters per second.

Solution:
4.47 meters per second
Use 1 mile = 1609 m



Question 4

Convert 53 kilowatts (kW) to horsepower (hp). Use 1 Watt = 0.001341 horsepower. 

Solution:
71.1 hp
 


	HS.N-Q.A.2. Define appropriate quantities for the purpose of descriptive modeling.
Connection: SSHS-S5C5-01
	A I
A II
★
	HS.MP.4. Model with mathematics.
HS.MP.6. Attend to precision.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
5.3 Apply precision, accuracy, and tolerance in measurement systems
	To use appropriate units to measure power.






To identify the appropriate unit of force in the metric system.

	Question 1

Which type of measurement would be used to measure electric power?

Solution:
Watts are used to measure Electric power.
Amperes are used to measure Electric current, Ohms are used to measure Electric resistance and Volts are used to measure electric voltage.


Question 2

What Metric unit would be used to measure mechanical force?

Solution:

A newton is used to measure mechanical force in metric or SI units. Joules are used to measure energy, meters are used to measure length or distance, and pounds are used to measure weight or force in the U.S. customary system.


	HS.N-Q.A.3. Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
	A I
	HS.MP.5. Use appropriate tools strategically.
HS.MP.6. Attend to precision.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
5.3 Apply precision, accuracy, and tolerance in measurement systems
-----------------------
5.2 Use measurement devices such as calipers, oscilloscopes, and digital multimeters to gather data for analysis
-----------------------
5.5 Interpret graphical data such as plans, diagrams, and working drawings
	To accurately determine how much time is required to travel a specific distance given the car’s speed.





To accurately determine the voltage of a circuit given the resistance and current. 

	Question 1

How much time will it take a car traveling 65 miles per hour to go 100 miles? 

Solution:
108 minutes

[image: ]


Question 2

Use Ohm’s Law (V = IR) to find the voltage (V) when the resistance (R) is 3.8 kΩ and the current (I) is 95 mA.

Solution:
36 V

The value for resistance must be converted to Ω from kΩ.
		3.8kΩ = 3800Ω
The value for current must be changed to A from mA.
		95 mA = 0.0095 A
Use V = IR
		[image: ]


	
Number and Quantity: The Complex Number System (N-CN)
Perform arithmetic operations with complex numbers.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.N-CN.A.1. Know there is a complex number i such that i2 = −1, and every complex number has the form a + bi with a and b real.
	A II
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.6. Attend to precision.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
	When working with electrical circuits with AC current, complex numbers are used to express the two dimensions of frequency and phase shift at the same time.
Note:  j is used in place of i when working with imaginary numbers in electronics.
	[image: ]
What is one possible representation for the impedance, Z, graphed in the given complex plane?

Solution:

The endpoint of z lies in the second quadrant where R < 0 and I > 0.
-7 + 5j and is the only point given that meets these inequalities.

	HS.N-CN.A.2. Use the relation i2 = –1 and the commutative, associative, and distributive properties to add, subtract, and multiply complex numbers.
Connection: 11-12.RST.4
	A II
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.7. Look for and make use of structure.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
	When working with electrical circuits with AC current, complex numbers are used to express the two dimensions of frequency and phase shift at the same time.
Note:  j is used in place of i when working with imaginary numbers in electronics.
	The impedance in one part of a series circuit is 9 + 3j ohms, and the impedance in second part of the circuit is 2 - 5j ohms.  Find the total impedance in the circuit.  

Solution:

(9 + 3j) + (2 – 5j) = (9 + 2) + (3 + -5)j
                            = 11 – 2j ohms

	HS.N-CN.A.3. Find the conjugate of a complex number; use conjugates to find moduli and quotients of complex numbers.
Connection: 11-12.RST.3
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.7. Look for and make use of structure.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
	To use operations of complex numbers to find the voltage of a circuit given the impedance and the current.
	The current in a circuit is 60 + 5j volts and the impedance is 4 + 2j ohms.  What is the voltage?

Solution:

E = IZ  (Voltage = Current x Impedance)
E = (60 + 5j)(4 + 2j)
   = 240 +120j + 20j + 10j2
   = 240 + 140j – 10 
   = 230 + 140j volts







	Number and Quantity: The Complex Number System (N-CN)
Represent complex numbers and their operations on the complex plane.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	[bookmark: h.gjdgxs]HS.N-CN.B.4. Represent complex numbers on the complex plane in rectangular and polar form (including real and imaginary numbers), and explain why the rectangular and polar forms of a given complex number represent the same number.
Connection: 11-12.RST.3
	+
	HS.MP.2. Reason abstractly and quantitatively.
[bookmark: h.30j0zll]HS.MP.7. Look for and make use of structure.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
	To represent impedance in polar form which captures both the magnitude and phase characteristics.
	[image: ]
Represent the impedance, Z, shown above in polar form.

Solution:
[image: ]


	HS.N-CN.B.5. Represent addition, subtraction, multiplication, and conjugation of complex numbers geometrically on the complex plane; use properties of this representation for computation. For example, 
(-1 + √3 i)3 = 8 because 
(-1 + √3 i) has modulus 2 and argument 120°.
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.7. Look for and make use of structure.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
	To use operations of complex numbers to find the current of a circuit given the impedance and the voltage.
	Question 1
The voltage in a circuit is 25 + 5j volts and the impedance is 8 + 6j ohms.  What is the current?

Solution:

E = IZ  (Voltage = Current x Impedance)
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	Number and Quantity: Vector and Matrix Quantities (N-VM)
Represent and model with vector quantities.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.N-VM.A.1. Recognize vector quantities as having both magnitude and direction. Represent vector quantities by directed line segments, and use appropriate symbols for vectors and their magnitudes
(e.g., v, |v|, ||v||, v).
	+
	HS.MP.4. Model with mathematics.
	4.2 Use Newton’s Laws of Motion to analyze static and dynamic systems with and without the presence of external forces
-----------------------
4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To recognize the difference between vectors and scalars, and to recognize when to apply them




To be able to define the elements of a vector.

	Question 1

Which of the following quantities does not need to be represented by a vector?

Solution:
Velocity, Force, and Momentum have a magnitude and a direction and must be represented using a vector.

Energy does not have a direction and therefore is a scalar.


Question 2

Which of the following has a magnitude and a direction and must be represented by a vector?

Solution:
Displacement has a magnitude and a direction and must be represented using a vector.

Distance, Length, and height do not have a direction and therefore are scalars.


	HS.N-VM.A.3. Solve problems involving velocity and other quantities that can be represented by vectors.
Connections: 11-12.RST.9; 
SCHS-S5C2-01; SCHS-S5C2-02; SCHS-S5C2-06; 11-12.WHST.2d
	+
	HS.MP.1. Make sense of problems and persevere in solving them.
HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.6. Attend to precision.
	4.2 Use Newton’s Laws of Motion to analyze static and dynamic systems with and without the presence of external forces
-----------------------
4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions

3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To use vectors to displacement problems and resultant velocity problems.














To use velocity to determine the resultant vector of a viscous fluid in a current that is also affected by wind.
	Question 1

An airplane is traveling 600 mi/hr in a direction 42 ˚ West of North.  Find the northerly (vy) and westerly components (vx) of the velocity vector.  How far North has the plane traveled after 5 hours?

Solution:
vx = 446 mi/hr, vy = 441 mi/hr
2225 miles

The components of the velocity vector can be found using trigonometric functions and the resultant velocity and Θ = 42˚.
vx = 600 (Cos(42˚)) = 445.88 ≈ 446 mi/hr
vy = 600 (Sin(42˚)) = 401.47 ≈ 401 mi/hr

The distance traveled North is found by multiplying 446 mi/ hr x 5 hrs = 2225 miles 


Question 2

The drift velocity of an oil spill in a river is given by two components, the velocity due to the current of and the velocity due to wind. The velocity due to the current is 8 mi/hr south and the velocity of the wind is 4 mi/hr to the west. Find the magnitude and direction of the resultant drift velocity.

Solution:
Use the Pythagorean Theorem to find the resultant vector of 8 mi/hr south and 4 mi/hr west.
	82 + 42 = 80
	The SQRT (80) = 8.944 ≈ 9 miles/hour
The direction (angle) is found using the trigonometric function θ= tan-1(4/8)
tan-1(4/10) = tan-1(.5) = 26.57 ≈ 27˚
The angle is 270 - 27 = 243˚.



	
Number and Quantity: Vector and Matrix Quantities (N-VM)
Perform operations on vectors.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.N-VM.B.4. Add and subtract vectors.
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	4.2 Use Newton’s Laws of Motion to analyze static and dynamic systems with and without the presence of external forces
-----------------------
4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To use vector addition to determine the displacement of a robot.



















To use vector addition to determine the landing position of a boat traveling perpendicularly to a river’s current.

	Question 1

A programmable mobile robot picks products from different aisles and shelves to assemble orders in a distribution center. a.) If the robot moves 12 meters North then 10 meters East, what is the resulting displacement of the robot? 

Solution:
15.6 meters

Question 2
What is the angle of displacement?

Solution:
50˚
	
Use the Pythagorean Theorem to find the resultant displacement vector of 12 degrees north and 10 degrees east results.
	122 + 102 = 244
	The SQRT (244) = 15.62 ≈ 15.6 meters

The direction (angle) is found using the trigonometric function θ= tan-1(10/12)
	tan-1(10/12) = tan-1(.8333) = 39.80 ≈ 40˚
The angle is 90 - 40 = 50˚

Question 3
A ferryboat travels 4 miles/hour in still water.  To reach the pier on the other side of a .25 mile river, the boat crosses the river aiming for a spot directly across the river with a current of 1.5 miles/hour. How far down the river is the pier from the spot directly across from the starting point?

Solution:
0.1 miles

	a. Given two vectors in magnitude and direction form, determine the magnitude and direction of their sum.
	+
	
	
	
	






	Number and Quantity: Vector and Matrix Quantities (N-VM)
Perform operations on matrices and use matrices in applications.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.N-VM.C.6. Use matrices to represent and manipulate data, e.g., to represent payoffs or incidence relationships in a network.
Connections: 9-10.RST.7; 
9-10.WHST.2f; 11-12.RST.9; 
11-12.WHST.2e; ETHS-S6C2-03
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process

	
	
	Test
	Degree Elevation
	Power Setting
	Distance Traveled

	1
	20
	5
	48

	2
	40
	5
	40

	3
	20
	25
	86

	4
	40
	25
	78



Question 1
Represent the data given above as a set of matrices that could be used to create a prediction equation.

Solution:

[image: ]


	HS.N-VM.C.7. Multiply matrices by scalars to produce new matrices, e.g., as when all of the payoffs in a game are doubled.
Connections: 9-10.RST.3;
ETHS-S6C2-03
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
		2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process

	To multiply a scalar by a matrix to find the average value needed in the prediction equation.

	A set of data was represented by a set of matrices which were multiplied to give a solution matrix.  If there were 8 trials in the experiment, perform the appropriate scalar multiplication to determine the coefficients of the prediction equation.
The product matrix was [image: ].

Solution:
Since there were eight trials, the scalar used should be [image: ].  The correct solution is [image: ].



	HS.N-VM.C.8. Add, subtract, and multiply matrices of appropriate dimensions.
Connections: 9-10.RST.3;
ETHS-S6C2-03
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.

	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process

	To multiply a set of matrices obtained from testing a design of an experiment to obtain a prediction equation.
	The following matrices represent the outcome of a design of experiment.  Multiply the matrices to find the coefficients of the prediction equation.

 [image: ]

Solution:
Multiply the row matrix with each column, one at a time.  48(-1) + 40(1) + 86(-1) + 78(1) = -16, the first value in the solution matrix.  Likewise the other values are obtained by:
48(-1) + 40(-1) + 86(1) + 78(1) = 76
48(1) + 40(-1) + 86(-1) + 78(1) = 0
48(1) + 40(1) + 86(1) + 78(1) = 252



	HS.N-VM.C.10. Understand that the zero and identity matrices play a role in matrix addition and multiplication similar to the role of 0 and 1 in the real numbers. The determinant of a square matrix is nonzero if and only if the matrix has a multiplicative inverse.
	+
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.6. Attend to precision.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems
-----------------------
5.1 Use spreadsheets and other mathematical software to solve problems, model, and display data
	Understand that the inverse matrix must exist in order to encode and decode a message. 
	When an encoded message is transmitted on a particular medium such as air, the message will unfortunately get distorted to some degree. In order to compensate for this distortion, a model of the medium is created and used the receiving end to minimize the environment effect. 
Assuming that the signal: x = [22 28 28 42 52] is transmitted in a medium with the following model: 




Find a way to counter act the effects of the medium on the transmitted signal and verify that the same signal is seen at receiving end.

Solution:
The distorted signal seen at the receiving end is: [11 -11.2 28 54.6 -46.8]




In order to counter act the effects of the medium one needs to find the inverse matrix of the environment model so that the identity matrix is obtained. This is A * A-1 = I. The inverse of the matrix is:




Notice that the inverse is easily found since the matrix A is designed to be invertible (i.e. determinant of A is nonzero).


	HS.N-VM.C.11. Multiply a vector (regarded as a matrix with one column) by a matrix of suitable dimensions to produce another vector. Work with matrices as transformations of vectors.
Connections: ETHS-S6C1-03;
11-12.WHST.1a
	+
	HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems
-----------------------
5.1 Use spreadsheets and other mathematical software to solve problems, model, and display data
	Understand that matrix multiplication is a basic form of signal encoding. Apply this knowledge to encode signals.
	In order to transmit a secure message, the message must be encoded properly. The encoding system requires both, an encoder and a decoder. Assuming each letter of the English alphabet is represented by a number (1 – 26), the word HELLO can be represented by the vector:

HELLO -> [8 5 12 12 15]

In order to encode this word the following encoding matrix will be used:


The encoded word (i.e. the one transmitted) is given by the product of the two matrices: 


The resulting word is: [22 28 28 42 52] = [V ? ? ? ?]
This is an unknown word for any English-speaking user since the last numbers in the vector are not proper letters!! 

Note that in order for this system to be used successfully, the matrix used needs to be invertible (i.e. linearly independent columns, determinant is nonzero).







	Algebra: Seeing Structure in Expressions (A-SSE)
Interpret the structure of expressions.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.A-SSE.A.1. Interpret expressions that represent a quantity in terms of its context.
	A I
★
	HS.MP.1. Make sense of problems and persevere in solving them.
HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.7. Look for and make use of structure.
	
	
	

	a. Interpret parts of an expression, such as terms, factors, and coefficients.
Connection: 9-10.RST.4
	A I
★
	
	3.5 Use existing mathematical models as needed in the structured problem‐solving process
	Understanding which parts of an equation do not change
	In the equation y=-16x^2 + 70x + 100, what are the terms, the coefficients, and the constants?

Answer: There are three terms: -16x^2, 70x, and 100.
There are two coefficients: -16 and 70
There is one constant: 100

	b. Interpret complicated expressions by viewing one or more of their parts as a single entity. For example, interpret P(1+r)n as the product of P and a factor not depending on P.
	A I
★
	
	4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical 
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
5.1 Use spreadsheets and other mathematical software to solve problems, model, and display data
-----------------------
5.5 Interpret graphical data such as plans, diagrams, and working drawings

	Understand to interpret the important variable combinations that define the behavior of a simple capacitor circuit. Use this understanding to design various circuits.
	The equation describing the charging of the capacitor shown in the circuit below is given by:



Where C is the capacitance of the capacitor, R is the resistance of the resistor and V is the voltage of the source. A plot of this graph is shown below for values of V = 15Volts, R = 10kΩ and C 100μF. What is the initial charge of the capacitor (at t = 0)? What is the final charge of the Capacitor (t = ∞). Describe the contribution of each term to the final charge as seen in the plot.

[image: ]

[image: ]

Discussion:
The initial charge q(0) on the capacitor is 0 Coulombs.
The final charge q(∞) on the capacitor is: CV = 0.0015.

The product RC (called time constant) sets the time at which the charge changes by a factor of:  every time t = NRC (where N is an integer).




	HS.A-SSE.B.4. Derive the formula for the sum of a finite geometric series (when the common ratio is not 1), and use the formula to solve problems. For example, calculate mortgage payments.
Connection: 11-12.RST.4
	A II
★
	HS.MP.3. Construct viable arguments and critique the reasoning of others.
HS.MP.4. Model with mathematics.
HS.MP.7. Look for and make use of structure.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To apply geometric series to determine population growth.
	A community has a population of 25000 which increases by 15% every year.  What will be the population of the community after 6 years?

Solution:
57800

P(1 + r/n)nt

P=25000, r= 0.15, n=1 (which means compounded yearly), t= 6 (years):

25000(1 + .15/1)^(1 x 6) = 57826.51914






	Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR)
Understand the relationship between zeros and factors of polynomials.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.A-APR.B.3. Identify zeros of polynomials when suitable factorizations are available, and use the zeros to construct a rough graph of the function defined by the polynomial.
	A I
A II
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems 
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	Understanding the context of a word problem involving quadratics.

	
If a projectile can be graphed by the function y=-16x^2 +64x, create a rough graph of the function by identify the zeros, vertex, and axis of symmetry.

Answer:  0 =-16x^2 +64x
                 0 =-16x(x-4)
                 x=0 and 4

Zeros: (0,0) and (4,0)

axis of symmetry: x =2
Vertex = (2, 64)
[image: https://lh4.googleusercontent.com/fMiqaux3DP-iyVnfSIsDkVP7ClTyw_oaXCZTzKh6ror8KPYJygjo0D8vYPBMeRbtte5of2iXioSQRFbLSZi8g7YKPztflup4Fbt42D6eTL-tMU3PM5EAoHzBfs39Lk7lQL0TR7A]







	Algebra: Creating Equations ★ (A-CED)
Create equations that describe numbers or relationships.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.A-CED.A.1. Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions.
	A I
A II
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.2 Use Newton’s Laws of Motion to analyze static and dynamic systems with and without the presence of external forces
-----------------------
4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
4.4 Assess relevant properties of materials used in engineering projects, i.e., chemical, environmental, mechanical (tension, compression, torque), electrical, and physical
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To quantitatively reason to determine the force transfer in a hydraulic system.

	The large piston on a hydraulic lift has an area of 250 cm².  What force must be applied to the small piston, with an area of 25 cm² in order to raise a car with a weight of 14700 Newtons?  (∆P=F₁/A₁=F₂/A₂)

Solution:
1470

(14700 N/250 cm²)=(F/25cm²)
F=1470 N

Find all values of the constant K so that the inequality 5(x - K + 2) ≥ 2(x + 4) - 7 has a solution set given by the interval [10, + infinity).


	HS.A-CED.A.2. Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales.
	A I
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
3.1 Apply appropriate data collection and analysis methods to display data (graphs, tables, formulas, and words)
	To display all the possible solutions to an equation with two variables.
	E=IR, graph the equation if I=20 

Answer: E=20R
The graph would start at (0,0) and have a slope of 20/1.

[image: https://lh5.googleusercontent.com/OzLjXTmtb15fP1huiG9XF0sZjlUretPs9v_c99ey3OwKlMrZtYzI-EGh3U4cljsvjoDWIESjEbHynkIuVKutv-bANk8qEbUP8_HXtwzVftj9LlmjFUtAQAzMqMVAtGbxjWME8eM]



	HS.A-CED.A.3. Represent constraints by equations or inequalities, and by systems of equations and/or inequalities, and interpret solutions as viable or non-viable options in a modeling context. For example, represent inequalities describing nutritional and cost constraints on combinations of different foods.
	A I
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	3.1 Apply appropriate data collection and analysis methods to display data (graphs, tables, formulas, and words)
	To determine how to efficiently and accurately set up a graph.
	Write the constraints of a projectile’s movement vs time if the lowest point it can reach is the ground level.

Answer: Domain x>=0, because of the ground
                range    y>=0, because time can’t be negative

	HS.A-CED.A.4. Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. For example, rearrange Ohm’s law V = IR to highlight resistance R.
	A I
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.7. Look for and make use of structure.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process

	When using excel to solve for solutions based on using your prediction equation, it is necessary to solve for each of the variables.
	Given the coded prediction equation, [image: ]
Solve the equation for XB.

Solution:

[image: ]







	Algebra: Reasoning with Equations and Inequalities ★ (A-REI)
Solve equations and inequalities in one variable.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.A-REI.B.3. Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.
	A I
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated reasoning.
	4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
Problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
-----------------------
5.3 Apply precision, accuracy, and tolerance in measurement systems
	Moving variables around to solve for a certain variable.
----------------------
Compute the appropriate resistor value for a particular LED circuit
	Come up with the equation that solves for resistance if E=IR.

Answer:     R=E/I
---------------------------------------------------------------------------------------------------
Design a red LED circuit that uses a 3.3V source. See circuit diagram below.
[image: ]

Solution:
Using Kirchhoff Voltage law it is obtained that:
VS = VR + Vd   <=>    VR = id*R = VS – Vd
or
R = (VS – Vd) / id
Since VS = 3.3V and Vd = 1.8 V and id = 20 mA (operating point of red LED)
Then R = (3.3 – 1.8)  / 0.02 = 75 Ohms.

	a. Solve quadratic equations by inspection (e.g., for x2 = 49), taking square roots, completing the square, the quadratic formula and factoring, as appropriate to the initial form of the equation. Recognize when the quadratic formula gives complex solutions and write them as a ± bi for real numbers a and b.
	A I
A II
	
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems
	To use the Pythagorean Theorem to solve for a magnitude.
	Magnitude^2=Vertical^2 +Horizontal^2
If the vertical component is 30 and the horizontal component is 40, what does the magnitude equal?

Answer: 50








	Functions: Interpreting Functions (F-IF)
Understand the concept of a function and use of function notation.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-IF.A.2. Use function notations, evaluate functions for inputs in their domains, and interpret statements that use function notation in terms of a context.
Connection: 9-10.RST.4
	A I
	HS.MP.2. Reason abstractly and quantitatively.
	2.5 Assess potential solutions against design criteria and constraints to select a solution that meets all requirements
-----------------------
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems	
-----------------------
4.2 Use Newton’s Laws of Motion to analyze static and dynamic systems with and without the presence of external forces
-----------------------
4.3 Use the laws of conservation of energy, charge, and momentum to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To determine the domain of a graphical representation of a function.

To determine the range of a graphical representation of a function.

To determine the value of a function at specific points on a graph.
	Question 1

The graph of function f is shown below.

a) Find the domain of f.

b) Find the range of f.

c) Find f(0), f(1) and f(2).

d) Find all values of x for which f(x) = 5.


[image: ]

Solution:

a) (-4,4]
b) [-4,12]
c) f(0)=2, f(1)=-3, f(2)=-4
d) X=3 and x=-3


Question 2

How far will the robot travel after 5 seconds; f(5) if the equation for the robot’s movement is [image: ]?
Solution:
8 meters

Using the equation f(t) = -10/t + 10 plug in 5 for each occurrence of t.
		f(t) = -10/(5) + 10
		f(t) = -2 + 10
		f(t) = 8


Question 3

You finished building a trebuchet with your group and have launched it a few times successfully.  You have found that it can launch its projectile 80 feet in 2.5 seconds.  You would like to create a graph that shows the height of the projectile at a given time, answer the following questions.

What would be the domain for this graph?

Solution:
[0,2.5]

Domain represents all points able to be plotted of the independent variable.  In this problem it can only be graphed between and including 0 seconds and 2.5 seconds, because both limits have a defined value they will be represented by square brackets.

What would be the possible range of this graph?

Solution:
[0, infinite)

Range represents all points able to be plotted by the dependent variable.  In this problem it can be graphed between a height of 0 and has no upward limit, because this upward limit is not defined it will be represented by a round parenthesis


When you graph this function which of the following graphical shapes would be the most likely fit for height over time?

Solution:

–x^2

A graph of this function be a parabolic shape (x squared), and because it starts and ends at a height of zero, the parabola will have a negative coefficient in front (-1).







	Functions: Interpreting Functions (F-IF)
Interpret functions that arise in applications in terms of context.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-IF.B.4. For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity.
Connections: ETHS-S6C2.03;
9-10.RST.7; 11-12.RST.7
	A I
A II
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.6. Attend to precision.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To find the minimum surface area to construct a cylinder with a specific volume equations are used in excel and data points are then graphed.  The resultant graph will be quadratic with the minimum surface area the vertex of the parabola.
	
	Volume
	Height
	Radius
	Surface Area

	48
	3.85
	1.9921
	73.124932

	48
	3.86
	1.9895
	73.122877

	48
	3.87
	1.9870
	73.121075

	48
	3.88
	1.9844
	73.119524

	48
	3.89
	1.9819
	73.118221

	48
	3.90
	1.9793
	73.117164

	48
	3.91
	1.9768
	73.116351

	48
	3.92
	1.9743
	73.115780

	48
	3.93
	1.9717
	73.115448

	48
	3.94
	1.9692
	73.115354

	48
	3.95
	1.9667
	73.115495

	48
	3.96
	1.9643
	73.115870

	48
	3.97
	1.9618
	73.116476

	48
	3.98
	1.9593
	73.117311

	48
	3.99
	1.9569
	73.118374

	48
	4.00
	1.9544
	73.119661

	48
	4.01
	1.9520
	73.121172



What height of a cylinder that holds 48 cm3 yields the smallest surface area?

Solution:

Found by using the following row on the chart.

	48
	3.94
	1.9692
	73.115354




	HS.F-IF.B.5. Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For example, if the function h(n) gives the number of person-hours it takes to assemble n engines in a factory, then the positive integers would be an appropriate domain for the function.
Connection: 9-10.WHST.2f
	A I
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.6. Attend to precision.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To determine the domain of possible heights of a cylinder holding X cm3, given that the surface area must be less than Y cm.
	[image: ]

Given the graph of possible surface areas of a cylinder holding 48 cm3, find the domain of all heights that result in a surface area of under 75 cm2.

Solution:  
Find the intersection of the horizontal line at SA = 75 to find the corresponding heights.

[image: ]


	HS.F-IF.B.6. Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph.
Connections: ETHS-S1C2-01; 
9-10.RST.3
	A I
A II
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To use functional models to describe motion






To determine the average velocity of a car within a certain distance range using functions.











To determine the average velocity of a car within a certain distance range using functions.





To use functions to determine acceleration over a given distance.

	You are recording times for your CO2 car.  You record how long it takes to reach each interval of 2 meters down the track and generate the following chart.

	Distance
	Time

	0m
	0s

	2m
	   0.4s

	4m
	   0.9s

	6m
	   1.5s



What is the average speed of the car between the 2 and 4 meter markers?

Solution:
4m/s

Use the formula delta y / delta x, change in distance over the change in time.  
=  (4m – 2m)/(.9s - .4s)
=  2m / .5)
=  4m / 1s
Use the formula delta y / delta x, change in distance over the change in time.  
=  (6m – 4m)/(1.5s - .9s)
=  2m / .6s
=  3.33m / 1s

What is the average speed of the car between the 4 and 6 meter markers?

Solution:
3.33m/s

Use the formula delta y / delta x, change in distance over the change in time, in order to solve for the speeds between each time interval.
Speed between 2 and 4 meter marks = 4m/s
Speed between 4 and 6 meter marks = 3.33m/s

What is the rate of change in speed between the 2 and 4 meter marks and the speed between the 4 and 6 meter marks?

Solution:
-1.22m/s^2

Then determine how much the speed changed over the time it took to change it by taking the average time between each recording.
	= (3.33m/s – 4m/s) / (1.2s - .65s)
	= (-.67m/s) / (.55s)
	= -1.218m/s^2






	Functions: Building Functions (F-BF)
Build a function that models a relationship between two quantities.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-BF.A.1. Write a function that describes a relationship between two quantities.
Connections: ETHS-S6C1-03; ETHS-S6C2-03
	A I
A II
+
★
	HS.MP.1. Make sense of problems and persevere in solving them.
HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.6. Attend to precision.
HS.MP.7. Look for and make use of structure.
HS.MP.8. Look for and express regularity in repeated reasoning.
	4.1 Use the relationships among energy, work, and power to solve a variety of problems involving mechanical, fluid, electrical, and thermal systems
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	Describe the relationship between electrical power and resistance.
	Given Ohms Law (V = I * R) and the formula for electrical power (P = I * V), express the amount of power consumed by a device from a power source of V volts in terms of the device equivalent internal resistance R.

Solution:

P = V * I = (I * R) * I = I2 * R


	HS.F-BF.A.2. Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model situations, and translate between the two forms.
	+
★
	
	2.0 Apply a structured problem‐solving process to create solutions
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
	Express electrical power as a function of known-controllable variables (R,V).
	What is the power consumed by a device that is subject to a voltage of V volts and has an equivalent internal resistance of R Ohms. HINT: Express the formula of electrical power (P = V * I) in terms of voltage and resistance only.

Solution:

P = V * I = V * (V/R) = V2/R



	Functions: Building Functions (F-BF)
Build new functions from existing functions.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-BF.B.3. Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.
Connections: ETHS-S6C2-03;
11-12.WHST.2e
	A I
A II
	HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.7. Look for and make use of structure.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
	3.5 Use existing mathematical models as needed in the structured problem‐solving process	
	To change the amplitude of a sound wave, the sinusoidal equation is multiplied by a constant value.
	Question 1
Given the sinusoidal sound wave [image: ], What is the effect if s(t) is replaced with 3s(t)?

Solution:

Multiplying s(t) by 3 only multiplies the amplitude.

[image: ]
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	Functions: Linear, Quadratic, and Exponential Models ★ (F-LE)
Construct and compare linear, quadratic, and exponential models and solve problems.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-LE.A.1. Distinguish between situations that can be modeled with linear functions and with exponential functions.
Connections: ETHS-S6C2-03;
SSHS-S5C5-03
	A I
★

	HS.MP.3. Construct viable arguments and critique the reasoning of others.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.7. Look for and make use of structure.
HS.MP.8. Look for and express regularity in repeated reasoning.
	3.5 Use existing mathematical models as needed in the structured problem‐solving process

	What could be the best fit model for different electronic components
	The following plot shows the current vs voltage characteristics for two types of electronic components (an LED and a resistor). Describe what would be the best model for each component.

[image: -I_curve4resistors_and_LEDs.png]
Solution:
Exponential model for the LED and linear model for resistors. Notice also that a quadratic function could be used for the LED in certain ranges.

	a. Prove that linear functions grow by equal differences over equal intervals, and that exponential functions grow by equal factors over equal intervals.
Connection: 11-12.WHST.1a-1e
	A I
★
	
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	Understand exponential behavior of all diodes (including LED’s) and its implication on circuit design.
	Use Ohms relation (V = I * R) and the formula for a diode operating in the forward bias region to prove that a small increment in voltage ΔV increases the current by a factor of [exp(ΔV/VT) – 1] for the LED and by (1/R)*ΔV for the resistor. What implication does this fact has when powering on circuits containing LEDS?

Solution:
     Proof is straightforward. The current in all LED’s increases exponentially and presents a risk to the device even for a small voltage changes. The situation is totally different for resistors. Here a small change in voltage produces only a small change in current.

	b. Recognize situations in which one quantity changes at a constant rate per unit interval relative to another.
Connection: 11-12.RST.4
	A I
★

	
	3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
3.6 Use English and metric systems of measurement and dimensional analysis
-----------------------
5.1 Use spreadsheets and other mathematical software to solve problems, model, and display data
-----------------------
5.5 Interpret graphical data such as plans, diagrams, and working drawings 
	Understand the fundamental difference in behavior of two electronic components.
	The table shown below contains the exact values for the current and voltage of the plot shown above. Using this table and Excel software, plot the current increase in both, the LED and the 60 Ohm resistor, as a function of voltage from 0.7V to 0.9V. Also, what can be said about the rate of increase of the two components?


	Input Voltage (Volts)
	Current in the LED (mA)
	Current in the 60 Ohm Resistor (mA)

	0.7
	0.225406
	11.666667

	0.75
	0.755399
	12.5

	0.8
	2.531559
	13.333333

	0.85
	8.483985
	14.166667

	0.9
	28.432277
	15



Solution:
Plot created in Excel is shown below

[image: -I_curveIncrease4resistors_and_LEDs.png]

Notice that the current increase in the resistor is constant while the one for the LED is non-linear.

	HS.F-LE.A.2. Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output pairs (include reading these from a table).
Connections: ETHS-S6C1-03;
ETHS-S6C2-03; 11-12.RST.4; SSHS-S5C5-03
	A I
A II
★
	HS.MP.4. Model with mathematics.
HS.MP.8. Look for and express regularity in repeated reasoning.
	3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To use exponential functions to describe acceleration and distance

To determine acceleration based on exponential functions.
	Question 1
Find the smallest surface area of a rectangular prism if the volume must be 60 cm3, the length must be twice the width, and the length width and height must have a sum of 18 cm.

Solution:

129.77 cm2

Let the width be x.  The length must be twice the width, or 2x.  The linear dimensions must be 18, thus x + 2x + h = 18, or h = 18 – 3x.  The volume is V = 2x(x)(18 – 3x).  By substituting 60 in for V and solving by finding the x-intercepts yields two possible solutions, x = 1.489, or x = 5.691.  The dimensions are either 1.489 by 2.978 by 13.533 or .927 by 5.691 by 11.389.  The two possible surface areas are 129.77 cm2 or 161.30 cm2.


	HS.F-LE.A.3. Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly, quadratically, or (more generally) as a polynomial function.
	A I
★
	HS.MP.2. Reason abstractly and quantitatively.
	5.5 Interpret graphical data such as plans, diagrams, and working drawings
	Understand the difference between exponential and linear rates of change in electronic components.

	The following plot shows the current vs voltage characteristics for two types of electronic components (an LED and a resistor).

[image: -I_curve4resistors_and_LEDs.png]

1. Create a table of the estimated current in the LED and the 60-Ohm resistor for voltage values above 0.7V. Use increments of 0.05 Volts.
2. In decreasing order, list which curve grows faster after 0.7V? Justify your answer with the table created in (1)

Solution:

1) Table shown below:
	Input Voltage (Volts)
	Current in the LED (A)
	Current in the 60 Ohm Resistor (A)

	0.7
	0.00025
	0.011

	0.75
	0.001
	0.012

	0.8
	0.0025
	0.013

	0.85
	0.008
	0.014

	0.9
	0.028
	0.015



2) The LED curve grows faster, then the 60 Ohm resistor, then the 100 Ohm resistor and finally the 220 Ohm resistor. Note that the resistor curve’s growth is consistent with Ohms Law: I = V/R. Also, notice the big jump in current from 0.85V to 0.9V. The increase is expected and shows that current in an LED increases much faster than in any resistor.





	Functions: Linear, Quadratic, and Exponential Models ★ (F-LE)
Interpret expressions for functions in terms of the situation they model.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-LE.B.5. Interpret the parameters in a linear or exponential function in terms of a context.
Connections: ETHS-S6C1-03;
ETHS-S6C2-03;SSHS-S5C5-03; 
11-12.WHST.2e
	A I
A II
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.4. Model with mathematics.
	3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To find the minimum surface area to construct a cylinder with a specific volume equations are used in excel and data points are then graphed.  The resultant graph will be quadratic with the minimum surface area the vertex of the parabola.  Parameters are often given to meet the specifications of a project.  The volume, surface area, or relationship between the radius and the height may be specified. 
	Find the smallest surface area of a rectangular prism if the volume must be 60 cm3, the length must be twice the width, and the length width and height must have a sum of 18 cm.

Solution:

129.77 cm2

Let the width be x.  The length must be twice the width, or 2x.  The linear dimensions must be 18, thus x + 2x + h = 18, or h = 18 – 3x.  The volume is V = 2x(x)(18 – 3x).  By substituting 60 in for V and solving by finding the x-intercepts yields two possible solutions, x = 1.489, or x = 5.691.  The dimensions are either 1.489 by 2.978 by 13.533 or .927 by 5.691 by 11.389.  The two possible surface areas are 129.77 cm2 or 161.30 cm2.




	Functions: Trigonometric Functions ★ (F-TF)
Model periodic phenomena with trigonometric functions.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.F-TF.B.5. Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and midline.
Connection: ETHS-S1C2-01
	A II
★
	HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
HS.MP.7. Look for and make use of structure.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	To use trigonometric functions to model sound waves.
	Question 1
Given a sound wave with a period of 2 ms, (500 Hz), and amplitude of 20, write a trigonometric equation that could be used to recreate the sound.

Solution:
The amplitude is 20, the period is 2 ms, .002 seconds.  [image: ]thus b = [image: ].
The equation may use either sin or cos.


	HS.F-TF.B.7. Use inverse functions to solve trigonometric equations that arise in modeling contexts; evaluate the solutions using technology, and interpret them in terms of the context.
Connections:  ETHS-S1C2-01;
11-12.WHST.1a
	+
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.5. Use appropriate tools strategically.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	

----------------------
Use trigonometric functions to model the elevation angle of a sensor.
	Given the distance to a target and the altitude of the target from the ground, calculate the angle of elevation to the target.

The distance to target along the ground is 3 meters; the altitude of the target is 3 meters.  The angle of elevation is the inverse tangent function of the 3 / 3, which is 45 degrees.
---------------------------------------------------------------------------------------------------
In order to accurately calibrate the particular distance sensor shown in the figure below, a precise elevation angle  is needed. 
A) Design a “simple” trigonometric mathematical model that can estimate the elevation angle θ given a known ground distance (x), and the altitudes from the ground of the object (y) and the sensor (h). 
B) Calculate the required elevation angle if the ground “distance to target” is 3 meters, the altitude of the target is 5 meters and the sensor height is 2 meters above ground.

[image: ]


Solution:
A) 

B) The angle of elevation is the inverse tangent function of 3 / 3, which is 45 degrees.









	Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT)
Define trigonometric ratios and solve problems involving right triangles.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	[bookmark: h.3znysh7]HS.G-SRT.C.8. Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied problems.
Connections: ETHS-S6C2-03;
9-10.RST.7
			G
★
	HS.MP.1. Make sense of problems and persevere in solving them.
HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	3.1 Use appropriate data collection and analysis methods to display data (e.g., graphs, tables, formulas, and texts)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
-----------------------
5.2 Use measurement devices such as calipers, oscilloscopes, and digital multimeters to gather data for analysis
	To use trigonometric determine the height a rocket will fly using tangents.

To use trigonometric functions to determine projectile motion

To use trigonometric functions to determine the range of a trebuchet.

To use trigonometric functions to determine the maximum distance an object can fly from a trebuchet.
	Question 1

You want to know how high your new experimental rocket is able to fly, so when you launch your rocket you have a friend stand 300 feet away and measure what the angle is of the rocket above the horizon.

The rocket was seen at an angle of 75 degrees.

Using the tangent formula determine how high the rocket flew in feet.

Solution:
300 * tan (75) = 1120 feet
Using the tangent formula, tan(angle) = opposite / adjacent
	Tan(75) = x / 300
	300Tan(75) = x
	300 x 3.73 = x
	x = 1119.6


Question 2

The distance a trebuchet fires can be easily adjusted by the angle of the firing pin at the tip of the arm, at correct angles the ball can fire forwards, at incorrect angles the ball might fire backwards.  This relationship can be shown by the formula f(x) = 10 sin (x-3) + 5 where x is the angle of the pin and f(x) is the distance in meters.

a) What is the range of distances from farthest forward to farthest backwards?

b) According to the function what is the farthest distance of this trebuchet?

Solution:
a) 20 meters
The range of distances in this problem is represented by the magnitude of the sine curve, the magnitude is 10 in each direction therefore the range is 20.

b) 15 meters
The greatest distance in this problem can be determined by the local maximum of the graph.




	Geometry: Circles (G-C)
Understand and apply theorems about circles.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.G-C.A.1. Prove that all circles are similar.
Connections: ETHS-S1C2-01; 
9-10.WHST.1a-1e
	G
	HS.MP.3. Construct viable arguments and critique the reasoning of others.
HS.MP.5. Use appropriate tools strategically.
	3.1 Apply appropriate data collection and analysis methods to display data (graphs, tables, formulas, and words)
-----------------------
3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering
problems
-----------------------
3.4 Evaluate the validity of mathematical solutions
-----------------------
3.5 Use existing mathematical models as needed in the structured problem‐solving process
	Understanding where pi comes from.
	Measure the circumference and diameter of some circles. Then divide the circumference by the diameter of each one. What do you notice?

Possible answers(rounded):  (6.25 and 2) (11 and 3.5) (28.25 and 9)

 Notice: all calculations come close to pi (3.14), thus proving circles are similar.





	Geometry: Expressing Geometric Properties with Equations (G-GPE)
Use coordinates to prove simple geometric theorems algebraically.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.G-GPE.B.7. Use coordinates to compute perimeters of polygons and areas of triangles and rectangles, e.g., using the distance formula.
Connections: ETHS-S1C2-01; 
9-10.RST.3; 11-12.RST.3
	G
★
	HS.MP.2. Reason abstractly and quantitatively.
HS.MP.5. Use appropriate tools strategically.
HS.MP.6. Attend to precision.
	3.3 Use algebraic, geometric, and trigonometric relationships, characteristics, and properties to solve engineering problems 
	
		 		 		 	 	 		
Given the coordinates of (0, 0), (5, 10), (10, 0), find the area that a figure 	 composed of line segments between the three points encloses.
						
Solution:
						
50
					
				
			
		
	 
					
				
			
		
	 





	Statistics and Probability: Interpreting Categorical and Quantitative Data★ (S-ID) 
Summarize, represent, and interpret data on a single count or measurement variable.

	Standards
Students are expected to:
	TRAD
	Mathematical Practices
	CTE Standard / Measurement Criterion
	Application of Mathematics Standard
	Explanations and Examples

	HS.S-ID.A.1. Represent data with plots on the real number line (dot plots, histograms, and box plots).
Connections: SCHS-S1C1-04; 
SCHS-S1C2-03; SCHS-S1C2-05; 
SCHS-S1C4-02; SCHS-S2C1-04; 
ETHS-S6C2-03; SSHS-S1C1-04;
9-10.RST.7
	A I
★
	HS.MP.4. Model with mathematics.
HS.MP.5. Use appropriate tools strategically.
	
	
	Prove that a random number generator (dice) produces fair outcomes.  A die from a game is rolled 100 times. Display the following data in a histogram form.

[image: dice1.gif]
The students should generate a histogram showing that the results are truly “random”.
[image: dice2.gif] 
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