2020 Sample Midterm 1, pieced together from questions from previous years. (The difference is: we’ll
have fewer questions on high school review directly and no questions on infinite limits.)
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5. (1 point) Does there exist a choice of a which makes the following function continuous at
T =17 If yes, which one? If not, why not? N
0 \ e ea UYe hen - L~ 4
M g'(x\ QJ\N Lnlaex {ln{"’ar] ifr>1 - ~ )\_ X= |
¥\ X=) ¥ cos(mz) ifzr<1 \
Jn (22) 7 n Qe =
(and 2 points for work) \—) 2 a = e: \
e _
)3:;: F00 - Ben CostTa) = cos o= €& - —
A2\~ = =\ “"2/_ Le
7. (2 points) Evaluate the limit lim l_u if 1t exists. You must use algebraic

r—d- T — 4|
methods and justify your answer mathematically to earn credit for this question.

G LX) g - (a3) - 3 ww-udl-= (x=u) x4
Y247 _(x-0) XAV — (v=\) XL\

8. (1 point) A study started tracking a herd of elk in northern Alberta. In January 1996,
there were 1000 elk in the herd. Ower the course of this study, scientists observed that the elk
had a natural growth rate of 5% each year. Furthermore, in December each vear, an average of
50 elk were killed by hunters. If h, represents the herd’s population (in January), { years after
1996, which of the following could be a DTDS modeling the dynamics of this herd?

A, kg = 5h, + 950 C. hyy =106k — 50 E. hyy =0.05h — 50
B.  hyyy = 50k, — 1000 D.  hyp = 1.06R + 950

Your answer: ‘ ?

liRal; ‘v‘\a = 1600
GyouoYn ca of T, So £= LL05
e_aun \.agar we Qose SO Q\K

So Q.\_}\: \‘DSQ\\' '§Q

F. hia = mmhr+ﬂﬂu
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10. (14+14241=>5 points)

A population of snails grows according to a Ricker model, so that the DTDS
governing the growth of this population’s density is given by
Tyq = 21‘361_':"“’

where t is in months and z; denotes the number of snails per m? at time t.

—o0.UX
(a) Give the updating function of this DTDS. f(z) = QXQ
(b) Find all equilibria of this DTDS. Show your work. P U X r
x \~0-x * b ~
¥- AX e X" -Ax L -
—0:-Ux
5~ (- e’ = 0
\-o0-4x?
x®-0 , € — [/7_ NN Q.Uky/o - Q)/\Ull,)
<P LA 0
4+ Qnt =
T* = 0 ) | n ’a\ O .q
Q.1

(c) The graph of y = f(x) is drawn below. Label the axes, identify the fixed points of the
DTDS on the graph, then draw a cobweb for at least three iterations, starting with an nitial
population density of zp = 1. Use your student card gs a straight edge.

Y4 vi = ¥ g

.\_._
-
p—
o]
-
.
P

(d) What do you conclude will happen to this population of snails in the long term? (Your
answer should be a complete sentence and should refer to the concepts of stahility and fixed
points as they pertain to this population of snails and your cobweb.)

A

X

1 Qse. -9: %-e_; ‘?e;\ r\'\'
C,o\'.poe.\o

2}:,9”_\9\ e Sedle e M

oes Asvardi F e bore st popolabion

N 9o e Mg valba in Y Qong deron
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11. (14241=4 points) A patient is given a daily dose of the drug ToxicPlacebo, which is
absorbed into the patient’s system at a constant rate. A DTDS modeling the concentration of
drug r;. in mg/L in the patient’s bloodstream each day just after receiving the dose is given by

Treg = ﬂ.gﬂ:g -+ ﬂ.ﬁ._

where t 1s measured in whole days since the treatment hegan.
(a) Find the fixed point of this DTDS, and give the general solution to this DTDS if the initial
value i 0 = 1 mg/L. X'= 0 AxTrog ‘1+(\—§] 5
S A0 AN =65 e
- x¥ =G -‘—“\(6-"0**5

Fixed point: =* =

General solution: X_‘: = 5 ~ 4 (0 'q')k B\'/\é _\_

(b) If the initial value is Ty = 1 mg/L, find the number of whole dayﬁtakes for the concen-
tration of ToxicPlacebo in the patient’s bloodstream to reach at least 4.5 mg/L. q S
Dy =¥

s_ulo A)F = “S
— O S ='1-\(()‘q\l-
) 6.5 = © A
- &n(b-\lﬂ 7‘\‘9“0‘%
5 4 = S (525 ~ 173
2n (6. Q)

Minimum number of whole days required: 2_0

(c) Surprisingly, testing over the year reveals that the concentration of ToxicPlacebo in the
patient’s bloodstream has stabilized to r* = 6 mg/L. An investigation reveals that the doctor’s
bad handwriting was to blame, and the daily administered dose ¢ in reality was not actually

0.5 mg/L. What was 1t?

XYz @.‘\xg A C
— (p = (b .Q)((a\ ~C
5 - 95.4=cC

= Q= G-LMﬁI]L

%oh '\Dm?e’*WS‘\S
)(_\_+\ = Q ,‘Kx.\r + 6(43
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9. (4 points) Decide if the following limits exist. For each one, if it exists, evaluate the limit
exactly using algebraic methods, showing all steps. If it does not exist, justify your answer
clearly using mathematical reasoning.

(b) (2 points) |1111 3 m (3_\— 5 N - X’L\

- ("-‘V‘JQS’-)(Z)

- e A -(a8-x )
YO TN O s
= Qe —\WL A %
o B G2 R [ T2
= G (X-/‘“ (% x 9
YO\ (y/\ﬂ (2+ QS\Y‘L)

- 9.:\(-\/\ ’X-\\-\
X ERIN N

1)

- g 3edas—F
Qo /(O

e R Xq X—
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