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THIS TEST HAS 8 PAGES AND 7 QUESTIONS. YOU ARE RESPONSIBLE IFOR EN-
SURING THAT YOUR COPY OF THE PAPER IS COMPLETE.

Total number of points is 40. Marks are indicated next to the problem number. Any
non-graphing calculator is allowed.

USE PEN TO WRITE YOUR TEST. IF YOU USE A PENCIL YOUR TEST WILL NOT
BE ACCEPTED FOR REMARKING (IF NEEDED).

You must show work to receive full credit.

Problem Points | Mark
1 6
2 6
3 6
1 6
5 7
6 5
7 4
TOTAL 40
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1. Multiple choice questions: circle ONE answer. No justification is needed.

(a)[3] Which of the following statements is/are true for the function f(z) = v2 —z?

(I) mgr;l+ f(z) does noti?ﬁst (1) mll,%- f(z) does not)&::ist (T1T) %1_’1111 flz)= V

(A) none (B) T only (C) 1I only (D) I only
(E) I and 11 @I and TI1 (@) II and IIT (H) all three

Q =X = \X—X\-Q_ &"Uﬁ“

st

(b)[3] Which of the functions approach(es) 0 more quickly than z 2 as & — co?
O ) =s By (D) f@)=a, (D) fl) =0,

(A) none (B) I only (C) II only (D) 11T only

(E) I and II (F) I and III @) T and III (H) all three

} @L?W\w%wﬂ Raadiwng
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2. Identify each statement as true or false (circle your choice). No justification
is needed.

(a)[2] The line y =  is a horizontal asymptote of the graph of f (z) = arctan(3z?).
TRUE

i anckun (D) = anclom (09) = 3

e L=

Liwn awchkm(3xE) = O\NQ}V‘M(@O\—’:{

X =P

{(b}[2] Cobwebbing the dyna,mmal system myp1 = 0.97my starting at mg = 10 will approach

the equilibrium value m* = 0.
FALSE

+
\j\/“-’

Appracchus O

o % o9

(c)[2] If f(z) > O for all z > 0, then lim f(z) >0 —
TRUE ‘FALSE
T @
% - X0
bk Lw ch)zm-%{:()

Kt g0 X% 20
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Questions 3-7: You must show work to receive full credit.

3. Find each limit. If you claim that a limit does not exist, you need to be specific and

explain why it is so (for instance, you have to show that the limit approaches infinity, or
that the one-sided limits are not equal).

e i 2% L2 dao
@ —_—

L _ = 4

. VA _ -
Aed &M(‘U\&} YA P U P
-
i6
(¢)[2] w_)l(lg?zﬁzz: sec , //
<% W/, ®
= Liw = — = -0
% Tt eX 0@
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4. An important quantity in the study of gating characteristics of ion channels is the

channel opening probahility yp = ————=——, where 7 is the membrane tension, and the
14 616{G*AT)
parameters A, G, and 3 are positive.

(a)[3] Find the limit of Py as the membrane tension keeps increasing (i.e., approaches co)
Tx o0 —b —NC—=o00 ( becavw NZ0O)
— O-NT=-ATA+G =0
—» BG=ND) o0 (ecave 370

20 kwm o= Ax o= =4
e & -
0

(b)[3] Drawn below is the graph of the function y = 1 - In the same coordinate system,

sketch the graph of the opening probability Fy when =1 G=6and A =3, for 7 > 0.
Label the horizontal asymptote of Py and the vertical (Fp) intercept.
g e S

EDE:‘L S\:W‘NK (Q’:\

Py o —.
i—""""“““"“"' e ° ’3-*_ QQ“%‘E
" A
T A o)
T
o p X e:-'?_lﬁ e:-?:,(“\;- )

CovwnvesS A
\f\ D\(Q\‘UV\\?\\\V\\ " %
‘0 \3 N %\Q-X\’\! ‘r& r?j \JN\/\
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2by

1+ 0.00010,’ where b; is the population
' {

5. Consider the bacterial population model ;41 =

count at time £.

(a)[2] Sketch the graph of the per capita production function. Label the coordinate axes
and the vertical intercept, and identify coordinates of another point on the graph.

— 2 3
Kb% T A% 0,0004 b

PP
2

A b=

o Aoooe | by
(b)[2] Which feature of the graph in (a) makes this model a limited population model? Why?
&Q‘L““@\%i% ¢ o8 Pk puw\oﬁi‘\m WA o keS, e
Nundher | e vadii dued s A win AA e,
Anine o sea dowond O — widch Aimants e orvoukla

(¢)[1] Check that &* = 10,000 is an equilibrium. e\ O’% m QD\QU\K&\U\/\
W e
whau by = 40,000

Han B 2(80000) 20,000 L OO0V
R Q\;ﬁfoeoi(’ﬁ@\maj 2. mhadd

(d)[2] You determined that b* = 10,000 is a stable equilibrium. Explain how this fact
justifies calling this model a limited population model.

€ the populalion 6 ahsove 10000 | it Wil
oz Sowead 40000 hecontz ok Sbn\ﬂﬂu\”)}')
W S QO\V\V\Q{‘ O oW w\;\)t:\\rcw‘\\.n \MQ
Wawiw 108 e hdow 10000, T
Pm@'u\o{ﬁn’wx il Dnevtase fowond 40 (Q00
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6. The change in the size of a colony of bacteria in human navel can be modelled by
b1 = (Ae_mbt — De~2mb: 4. 1) b;, where A,m, D > Q.

(a)[3] Find all equilibria of the given dynamical system.

*  _ou\k
- ¥
b&(AQ:-m\D*M“&M\D*Jr _ﬂi®__§>\o =0

——
bk TR &
¥
Ae_‘M\D - =0

=D % 4
< rihan " =" Qws(b/.;\)

——

(c)[2] For which values of A and D does the given system have two different, biologically
meaningful equilibria?

e equilihuiom v BY =0 e i e dibloved
bo \¥= = k() 7 O ol

N2

@
—» W) >0
By e’=1
CQ—} wWhan %—;} 1 o D>A

qEETT———

r— s
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7. Consider the Tunction

23 4 222 — 8z
if 2
fwy={ -1 "7
4 if =2

(a)(2] Is f(z) continuous at z = 27 Explain why or why not.

use i 1
(ATION Clw 'Q‘G‘) = {y -
TN W

* a2y ~&)

L %0 = L > Wit couk
e X~/ W= —
ak K=2.

TR a2ty 2
T oan | Gemoe2)

(b)[2] Is f(z) contimuous ab & = 07 Explain why or why not.

neow 0, £ = kel Rwnditun
wiln donowdinekse £0O

—B Conhny avd ok X =0

THE END



