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TOTAL POINTS

95.5 / 101

QUESTION 1

1 Unicorns and Dragons 10 / 10

✓ - 0 pts Correct

   - 1 pts There should be one equation for each

creature (D' and U')

   - 2 pts Unicorn predation term should be

-0.03\*D\*U

   - 2 pts Per capita death rate of unicorns is 2\*0.5

(full term is -2\*0.5\*U)

   - 2 pts unicorn birth is 0.5*U

   - 2 pts dragon birth rate is just the constant 0.02

   - 2 pts Per capita dragon death is proportional to

dragons, so should be -0.01*D^2

   - 0.5 pts Incorrect constant (see circled)

   - 1 pts Wrong sign (see arrow)

   + 1 pts Close answer for Unicorn death rate (had

-2\*0.5\*U\*U)

   + 1 pts Close answer for Unicorn predation rate (had

-0.03\*D or -0.03\*U\*D^2 or -0.03\*D^2 or

-0.03\*D\*U^2)

QUESTION 2

2 Chemical Reactions 10 / 10

✓ - 0 pts Correct

   - 1 pts Inflows should be positive and outflows

negative. At least one of your terms has the wrong

signal.

   - 1 pts Missing terms for Oxygen entering indicated

by w term in  X' and deoxygenated hemoglobin

leaving indicated by the term -rD in D'

   - 1 pts You must multiply the terms by the rates at

which the reaction happens, given by f or g on top of

the arrows (either missing or wrong)

   - 1 pts Incorrect coefficients to account for the

resulting H molecule

   - 2 pts Missing/incorrect coefficient to account for

the resulting four molecules of X

   - 1 pts Incorrect molecules to account for the

resulting D molecule

   - 10 pts You should have: one change equation per

molecule (X', D' and H'). Inflows are molecules being

formed, outflows are molecules being consumed.

Parameters are given by the reaction rates (f and g)

and the amount of molecules lost/gained. Oxygen

entering is indicated by w term in  X' and

deoxygenated hemoglobin leaving is indicated by the

term -rD in D')

   - 5 pts Missing one differential equation

QUESTION 3

3 Euler's Method 10 / 10

✓ - 0 pts Correct

   - 1 pts incorrect X'(0) = -14.4

   - 1 pts incorrect X(1) = 165.6 (if no earlier mistakes)

   - 1 pts incorrect X'(1) = -10.86 (if no earlier mistakes)

   - 1 pts incorrect X(2) = 154.73 (if no earlier mistakes)

   - 1 pts incorrect X'(2) = -8.47 (if no earlier mistakes)

   - 1 pts incorrect X(3) = 146.27 (if no earlier mistakes)

   - 4 pts incorrect process/formula

   - 3 pts incorrect value for dt

   - 3 pts used t instead of dt in the formula "Xnext =

Xold + X'old*dt"

   - 2 pts final answer past t = 3

   - 2 pts did not integrate all the way to t = 3

   - 1 pts reported state of system incorrectly (see

explanation)

   - 1 pts excessive rounding during calculation

(rounding introduces errors and those errors build up

over time)

QUESTION 4



Differentiation 10 pts

4.1 Parts a) 5 / 5

✓ - 0 pts Correct

   - 1 pts Incorrect/incomplete statement of rules

   - 0.5 pts Did  not indicate where each rule is being

used

   - 2 pts Did not apply/incorrectly applied product

rule

   - 2 pts Did not apply/incorrectly applied

power/logarithmic rule

4.2 Part b) 3 / 4

   - 0 pts Correct

   - 1 pts Incorrect/Incomplete stating of the rule

   - 1 pts Incorrect/Incomplete Log Rule

   - 1 pts Incorrect/Incomplete Chain Rule

✓ - 1 pts Incorrect/Incomplete Power Rule

4.3 Part c) 1 / 1

✓ - 0 pts Correct

   - 0.5 pts Did not do second chain rule correctly

   - 0.5 pts Did not do first chain rule

QUESTION 5

Solar Power Rules 11 pts

5.1 Part a) 4 / 4

✓ - 0 pts Correct

   - 1 pts Incorrect use of Reimann Sum

   - 4 pts No answer

   - 2 pts Sigma notation k values incorrect (starting

from 0 but difference not taken care of in the

summation)

5.2 Part b) 1 / 1

✓ - 0 pts Correct

   - 0.5 pts Underestimation is not specified

   - 0.5 pts Overestimation is not specified

   - 0.5 pts Underestimation/Overestimation

interchanegd

5.3 Part c) 4 / 4

✓ - 0 pts Correct

   - 0 pts Click here to replace this description.

   - 3 pts Definite integral specified

   - 2 pts Error in definite integral

   - 4 pts No answer

   - 2 pts Error in definite integral limit

5.4 Part d) 1 / 1

   + 0 pts Incorrect

✓ + 1 pts Correct (mention of symmetry of

graph/balancing out of over and underestimation)

5.5 Part e) 0 / 1

✓ + 0 pts Incorrect

   + 1 pts Correct -mention of downward concavity of

graph leading to a larger area lost from rectangles

underestimating than area gained from rectangles

overestimating. However, number of rectangles on

either side of vertex are the same (3 overestimating, 3

underestimating)

QUESTION 6

Linear Stability Analysis 10 pts

6.1 Part a) 4 / 4

✓ - 0 pts Correct

   - 1 pts Missing analysis of one equilibrium point

   - 0.5 pts Calculation mistake

   - 4 pts Incorrect

   - 0.5 pts Calculation mistake: x = -2 unstable

   - 3 pts Used derivative of df/dX to determine

stability and not linear stability analysis

   - 3 pts Used integral of df/dX to determine stability

and not linear stability analysis

   - 4 pts No/unclear use of linear stability analysis

6.2 Part b) 2 / 2

✓ - 0 pts Correct

   - 2 pts Did not use/incorrect application of method

of test points

   - 0.5 pts Stability not indicated. x = -2 is unstable



   - 1 pts Unsuitable test points

   - 1 pts Stability incorrectly assessed. x = -2 is

unstable

   - 0.5 pts Calculation error

6.3 Part c) 2 / 2

✓ - 0 pts Correct

   - 2 pts No answer

   - 2 pts Vector field should be 1 dimensional

   - 0.5 pts Vector field incomplete

   - 2 pts Arrow directions incorrect. Correct: &lt;-- (-2)

--> (2) &lt;-- (4) -->

6.4 Part d) 2 / 2

✓ - 0 pts Correct

   - 2 pts Does not identify that x = 3 is in the basin of

attraction of the stable equilibrium x = 2, and that

therefore the system will approach 2 in the long run

   - 2 pts No answer

QUESTION 7

7 Identifying EPs 9 / 10

   - 0 pts Correct

   - 0.5 pts Incorrect (6,8) unstable spiral

✓ - 1 pts Incorrect (7.5, .5) saddle point

   - 0.5 pts Saddle point, not saddle node

   - 1 pts Incorrect (12,11) saddle point

   - 0.5 pts Wrong point

   - 0.5 pts Incorrect (12,5) stable spiral

   - 1 pts Missing 4+ points on the graph

   - 0.5 pts Missing <4 points on the graph

   - 1 pts Incorrect (2,6) saddle point

   - 0.5 pts Incorrect (0,10) stable node

   - 0.5 pts Incorrect (0.5,0) unstable node

   - 0.5 pts Stable saddle point doesn't exist

   - 0.5 pts Just spiral

   - 0.5 pts Just node

QUESTION 8

Deer-Moose  10 pts

8.1 Part a) 2 / 2

✓ - 0 pts Correct

   - 1 pts Evaluate the differential equation

   - 1 pts Setting the change in quantities to 0

   - 0.5 pts Minor error

8.2 Part b) 2 / 2

✓ - 0 pts Correct

   - 2 pts incorrect

   - 0.5 pts if one of them is incorrect

   - 1 pts if two of them are incorrect

   - 1.5 pts if three of them are incorrect

   - 0.5 pts extra equillibrium points

8.3 Part c) 3 / 3

✓ - 0 pts Correct

   - 0.5 pts if one of the nullclines is incorrect

   - 1 pts if two nullclines are incorrect

   - 1.5 pts if three null-clines are incorrect

   - 3 pts incorrect

   - 0.5 pts if one/two equillibrium points are incorrect

   - 1 pts if more than two equillibrium points are

incorrect

   - 2 pts if all the null-clines are incorrect

   - 0.5 pts if extra-equillibrium points are indicated

   - 0.5 pts if extra null-clines are indicated

   + 0.5 pts attempt

8.4 Part d) 2 / 2

✓ - 0 pts Correct

   - 0.5 pts if one of the eq. point's stability is incorrect

   - 1 pts if two of the eq. points's stability is incorrect

   - 1.5 pts if three of the equillibrium points's stability

is incorrect

   - 0.5 pts extra equillibrium points/ not indicated in

the diagram

   - 2 pts incorrect

   + 0.5 pts attempt

   - 1 pts analysis is incorrect/stability of eq. points not

indicated

   - 0.5 pts change direction indicated but stability not

mentioned



8.5 Part e) 1 / 1

✓ - 0 pts Correct

   - 0.5 pts Insufficient / incorrect explanation - not

much emphasis on equilibrium points / stability

   - 1 pts Incorrect / Not attempted

QUESTION 9

The Murky Lake 10 pts

9.1 Part a) 1.5 / 2

   - 0 pts Correct

✓ - 0.5 pts one value of nutrient level is wrong

   - 1 pts two values of nutrient level are wrong

   - 0.5 pts type of bifurcation is wrong (one)

   - 1 pts type of bifurcation is wrong (two)

   - 2 pts answer is totally wrong.

   - 0.5 pts spare bifurcation is found

9.2 Part b) 2 / 2

✓ - 0 pts Correct

   - 1 pts value (around 0.3) is wrong but with some

explanations

   - 2 pts value is wrong without explanation

   - 0.5 pts value estimation is too far (&lt;0.2 or >0.5)

   - 0.5 pts no explicit estimated value

9.3 Part c) 0 / 2

   - 0 pts Correct

   - 1 pts value (around 1.0) is wrong but with some

explanations

✓ - 2 pts value is wrong without explanation

9.4 Part d) 2 / 2

✓ - 0 pts Correct

   - 1 pts value (around 7) is wrong but with some

explanations

   - 2 pts value is wrong without explanations

9.5 Part e) 2 / 2

✓ - 0 pts Correct

   - 2 pts nutrient level should be reduced below 0.5

   - 0.5 pts making nutrient level exactly 0.5 is not

proper.

   - 1 pts "decrease nutrient level" but the value is not

right

   - 1 pts make a part of sense

QUESTION 10

10 Let's Draw a Bifurcation Diagram 10 / 10

Lines are not drawn correctly for X' = rX
   - 0.5 pts Incorrect line for r = 1/2

   - 0.5 pts Incorrect line for r = 1 (or else)

   - 0.5 pts Incorrect line for r = 2 (or else)

   - 0.5 pts Incorrect line for r = 4 (or else)

   - 0.5 pts Incorrect line for r = 6 (or else)

   - 0.5 pts Incorrect line for r = 8

Equilibrium points not correctly marked
   - 0.5 pts Equilibrium points for r = 1/2 (1 EP)

   - 0.5 pts Equilibrium points for r = 1 (1 EP, or else)

   - 0.5 pts Equilibrium points for r = 2 (1 EP, or else)

   - 0.5 pts Equilibrium points for r = 4 (3 EP, or else)

   - 0.5 pts Equilibrium points for r = 6 (3 EP, or else)

   - 0.5 pts Equilibrium points for r = 8 (1 EP)

   - 1 pts Equilibrium points not clearly marked

Stability of EPs not correctly marked
   - 0.5 pts r = 0.5, 1 EP, stable

   - 0.5 pts r = 1, 1 EP, stable (or else)

   - 0.5 pts r = 2, 1EP, stable (or else)

   - 0.5 pts r = 4, 3EP, stable, unstable, stable (or else)

   - 0.5 pts r = 6, 3EP, stable, unstable, stable (or else)

   - 0.5 pts r = 8, 1EP, stable

   - 1 pts Stability not clearly marked

   - 1 pts Incorrect bifurcation diagram (wrong

connection of all EPs)

✓ - 0 pts Correct answer

   - 10 pts No correct progress
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