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GM-06

EXAMPLE
The product of 7 and 2 is 14 since 7 u
2 14

A quotient is the number obtained by
dividing numbers.

EXAMPLE

In the equation 8 + 2 = 4,4
is the quotient of 8 and 2.

Unlike a sum or a product, difference and quotient can result in different
numbers depending on the order of the numbers in the expression:

10 2
20 y5

8 while2 10 8
4 while 5 y20  0.25

7TKH VXP DQG GL1IHUHQF Hunf®ér. Bnig Will widk¥ the signs of the two

numbers are obtained by simple addition
and subtraction, respectively. The same is
true when adding negative numbers, except
that the sum takes on the negative sign.

EXAMPLES

(-3) +(-9) = -12

(-5) + (-12) + (-44) = -61

On the other hand, when adding two
integers with unlike signs, you need to
LIQRUH WKH VLJQV (UVW
smaller number from the larger number.

Then follow the sign of the larger number
in the result.

EXAMPLES

(-6)+5=6-5=-1

7+((-10)=10-7=-3

When subtracting two numbers of
unlike signs, start by changing the minus

sign into its reciprocal, which is the plus
sign. Next reverse the sign of the second

NUMBERS AND OPERATIONS

integers the same. Now follow the rules for
adding integers with like signs.

EXAMPLES

(-6)—5 = (-6) +(-5) = -11

7-(-10) = 7+10 = 17

Multiplication and division of inte-
gers are governed by the same rules: |If

the numbers have like signs, the product
or quotient is positive. If the numbers have

D @rfike/birid, @neVaridwié 14 RelgdivelV K H

EXAMPLES
5 u 6 30
5 u 3 15
81 y 9
20y 4
7 u 4 28
9 u 6 54
15y 3 5
16 y 2 8



The following are 2 typical GAMSAT-
level dimensional analysis practice ques-
tions.

EXAMPLE 3

Consider the following diagram.
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Figure 1: Heart rate in beats per minute (b.p.m.)

on a log scale vs. life expectancy in years for
various mammals.

Estimate the average number of heart
beats over a lifetime for a person.

A. 29x10"
B. 2.9x10°
C. 29x10’
D. 29x10°

This question is asking for the number
of heart beats per lifetime for a human
being. If we can determine the rate of
heart beats per minute from Figure 1, we
could scale that quantity up to an hour,
then a year, then a lifetime by estimating
the average lifespan - also from Figure 1.

You can easily estimate your heart rate
by counting your pulse while watching a
clock for a minute for comparison, but this
guestion refers to Figure 1.

The heart rate for ‘Human’ on the
graph is approximately 60-70 b.p.m. (=
beats per minute as explained by the
caption below the graph). Because the
answers are far enough apart, which
commonly occurs during the real exam,
whether you estimate 60 or 70 (or even
80), you will approximate the same answer.
We will examine the log scale in GM 3.8
at which point you will better understand
why the heart rate is most likely less than
75 b.p.m. From Figure 1, we can estimate
life expectancy of a person as 80 years/
lifetime.

Putting all of the preceding together,
we get:

70 beats 60 minutes 24 hours 365 days 80 years
X X

1 minute

1 hour 1 day 1lyear 1 lifetime

What happened to the units?

70 beats 60 mites 24 hours 365 days 80 years
. S

X X
1 mipte 1 hour 1 day

1year 1 lifetime

As a result of the cancellations, the
final units must be beats/lifetime, or in
other words, heart beats over a lifetime.

We have completed the dimensional
analysis, so what about the math?

Keeping in mind that the math needs

WR EH GRQH TXLFNO\ DQG H FLI
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Hints if required:

(1) Hint: wu\ WR FDOFXODWH WKH VORSH RI D VWUD

~

L JKW OL

K\ GRHV WKH VORSH VROYH WKH SUREOHP" 7DNH D O

LV WKH FKDQJH RI \ GLYLGHG E\ WKH FKDQJH R
PDNH PV V PRFHOHUDWLRQ

(2) Hint GHWHUPLQH WKH DUHD RI WKH FXUYH EHOR
WKH ¢UVW VHFRQGV 2QH ZD\ WR GR VR LV WR

I'[ ,Q V

Z WKDW
FDOFXC

WKHQ HVWLPDWH KRZ PDQ\ ER[HV DUH EHORZ WKH FXU

WKH XQLWYV WKH DUHD RI D VTXDUH RU UHFWD(
JRU D JUDSK LW LV [ WLPHV \ 6R KHUH LV ZKDW,

DJOH LV
KDSSH

PHWHUV ZKLFK LV GLVSODFHPHQW y

GM-66
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GM-70

3.6 Cartesian Coordinates in 3D

The GAMSAT will sometimes present
3D (3 dimensional) graphs to see if you are
capable of a basic analysis.

EXAMPLE 1

Consider the following illustration of
a 3D Cartesian coordinate system. Notice
the origin O and the 3 axis lines X, Y and

Figure IV.3.1: 7TKUHH GLPHQVLRQDO &DUWHVLDQ FRRUGLQDWH V\V\

ALGEBRA AND GRAPH ANALYSIS

Z, oriented as shown by the arrows. The
tick marks on the axes are one length
unit apart. Look carefully at the black
dot. What coordinate (x, y, z) would you
give to identify the position of that dot?
(2,2,3)? (3,2,4)? (4,3,2)? (2,4,3)? (2,3,4)?
The black dot represents a point with
coordinates x = 2,y = 3, and z = 4, or
(2,3,4).



Figure 1V.3.7 Human arterial blood acid-base balance and disorders

QUESTION 1

According to Figure IV.3.7, an arterial
blood pH of 7.5 with a pCO, of 25, corre-
sponds best with which of the following?

A. Metabolic alkalosis

B. Acute respiratory alkalosis
C. Chronic respiratory alkalosis
D. Chronic respiratory acidosis

QUESTION 2

Consider a patient with metabolic

alkalosis. Based on Figure IV.3.7, which of
the following would be most consistent with
returning the patient back to normal?

A.

B.

Increase in arterial [H*], decrease
arterial bicarbonate

Increase arterial pH, increase
arterial bicarbonate

Decrease pCO,, decrease arterial [H']
Increase pCO,, decrease arterial
bicarbonate

GAMSAT MATH GM-85



Figure IV.3.8 7ULOLQHDU GLDJUDP UHSUHVHQWLQJ WKH SHUFHQW E\ ZHLJK
resultant appearance of the mixture (= metal alloy). en.wikipedia.org/wiki/Colored_gold Ref: Metallos

QUESTION 1 QUESTION 2

Based on the information provided, choose Equal amounts by weight of 14K and 9K
the correct statement. gold are mixed together. According to Figure
IV.3.8, which of the following is the likely
result of the appearance of the mixture if it
contains 10% copper?

A. Pure gold is ‘yellow’ gold.
B. Increasing copper in the alloy in-
creases the chance of a possible

greenish appearance. A. Pale greenish yellow
C. “Yellowish” gold is present when % B. Yellow

of the mixture is gold, while silver C Yellowish

and copper are equal. D. Whitish

D. Pure silver added to ‘pale greenish
yellow’ gold can produce ‘yellow’ gold.

GAMSAT MATH GM-89
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We will now examine 6 key rules of
incompressible fluids (liquids) that are not
moving (statics).

1) ,Q D AXLG FRQ¢QHG E\ VROLG ERXQGDULHYV
pressure acts perpendicular to the bound-
ary—itisanormalforce VRPHWLPHY FDOOHG
a surface force.

P1 = atmospheric pressure
h: = surface = a depth of O

P.—P1 @3
h—h: 0K
03 1J0K

2) $W DQ\ SDUWLFXODU GHSWK WKH SUHVVXUH
RI WKH AXLG LV WKH VDPH yQiRAQ@nhiBE WLRQV

'H FDQ QRZ FRPELQH UXOHYV
DERXW AXLGV WR H[DPLQH D VS
is that of a vertical plane surface like a verti-
cal wall that is underwater.

3) 7KH A X hy@rd_thtic pressure depends
RQ WKH GHQVLW\ DQG WKH GHSWK RI WKH AXLG
So it is easy to calculate the change in

SUHVVXUH LQ DQ RSHQ FRQWDbQb\ e ¥rédshiB k&ids linearly with
SRRO WKH RFHDQ HWF depth because (3 !'J0OK

THE PHYSICAL SCIENCES PHY-41



mutation) in which the parent and daughter ticles have the lowest penetrating power
QXFOHL DUH RI GLITHUHQW HOHRHQMDN WRLDEH[MPABEOWR JR VWUDL
a C-14 atom may undergo a beta decay and ter DQ REMHFW ,| DQ DWRPLF
HPLW UDGLDWLRQ DQG DV D UHWDWXQOMWO MPUHIXQW DRUECHWWQIWRY DO SK
a N-14 daughter nucleus. It is also possible leads to a transmutation of that element
that radioactive decay does not result in trans- into another element as shown below
mutation but only decreases the energy of the IRU WKH WUDQVPXWDWLRQ RI &
SDUHQW QXFOHXV $V DQ HI[DPSOKRDLUXP DWRP
undergoing a gamma decay will emit radiation
DQG WKHQ WUDQVIRUP WR D ORZHU HWQ®H Wdih 11He
nucleus. The following is a brief description of Uo Th D
the three principle types of radioactive decay.

(2) Beta ( B decay: Beta decay is a type of

(1) Alpha ( D decay: Alpha decay is a type decay in which an unstable nucleus emits

of radioactive decay in which an atomic
nucleus emits an alpha particle. An alpha
particle is composed of two protons
and two neutrons which is identical to a
helium-4 nucleus. An alpha particle is the
most massive of all radioactive particles.

an electron or a positron. A positron is
the antiparticle of an electron and has
the same mass as an electron but oppo-
site in charge. The electron from a beta
decay forms when a neutron of an unsta-
ble nucleus changes into a proton and

%HFDXVH RI LWV UHODWLYH® WOH BURMWWY DQ HOHFWUR
alpha particles tend to have the most ted. The electron in this case is referred

potential to interact with other atoms WR DV D EHWD PLQXMDbSt®B UWLFO
and/or molecules and ionize them as GHFD\V SURGXFLQJ SRVLWURQ

ZHOO DV ORVH HQHUJ\ $V VXIFK UNMKHMHISDWR DVF&lWD SOX

4 N

N /

PHY-106 Atomic AND NUCLEAR STRUCTURE




rate equation can thus be expressed as fol-
lows: rate  K[A]%.

Hence, the rate orders or exponents
in the rate law equation can be integers,
fractions, or zeros and are not necessar-

LO\ HTXDO WR WKH VWRLFKLRHPHRVBUGHBHIDMWMH@WEHID )RU WK

the given reaction except when a reaction
is the rate-determining step (or elementary
step). Consequently, although there are other
orders, including both higher and mixed orders
or fractions that are possible as described, the
three described orders (0, 1st and 2nd), are
amongst the most common orders studied.

As shown by the graphical representation

below, for the zero order reactant, as the con-
centration of reactant A decreases over time,
the slope of the line is constant and thus the
rate is constant. Moreover, the rate does not
change regardless of the decrease in reac-
tant A concentration over time and thus the

decrease in reactant A concentration is shown
to affect the rate of reaction in direct propor-
tion. Thus, as the concentration decreases,
the rate decreases proportionally. Lastly, for
the second order, the rate of the reaction
is shown to decrease proportionally to the
square of the reactant A concentration. In
fact, the curves for 1st and 2nd order reac-
tions resemble exponential decay.

Reactant Concentration versus Time

1
[A]
0.8
0.6
Second order
n 2
0.4 —
0-27 First ord
Zero order wa orl e
n O
0 T T T T T
0 10 20 30 40 50 60 Time (s)
Figure IILA9.0: 5SHDFWDQW FRQFHQWUDWLRQ YV WLPH FXUYHV

exponential decay curves (PHY 10.5) but, of course, second order reactions decay faster. It is expected that you
can recognize the graphs above and those in the next section (CHM 9.2.1).

CHM-116

RATE PROCESSES IN CHEMICAL REACTIONS
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catalysts. They are protein molecules with
very large molar masses containing one or
more active sites (BIO 4.1-4.4). Enzymes are
very specialized catalysts. They are generally

(1)

|

Ea

VSHFL¢(¢F DQG RSHUDWH RQO\ RQ FHUWDLL ELRORJLFDO

reactants called substrates. They also gener-
ally increase the rate of reactions by large fac-
tors. The general mechanism of operation of
enzymes is as follows:

Enzyme (E) Substrate (S) o ES (complex)

ES o Product (P) Enzyme (E)

If we were to compare the energy pro-
¢ OH RI
an enzyme to that of the same reaction per-
formed with the addition of an enzyme we
would obtain Figure 111.A.9.2.

As you can see from Figure I11.A.9.2,
the reaction from the substrate to the prod-
uct is facilitated by the presence of the
enzyme because the reaction proceeds in
two fast steps (low E_’'s). Generally, catalysts
(or enzymes) stabilize the transition state
of a reaction by lowering the energy barrier
between reactants and the transition state.
Catalysts (or enzymes) do not change the
energy difference between reactants and
products. Therefore, catalysts do not alter the
extent of a reaction or the chemical equilib-
rium itself. Generally, the rate of an enzyme-
catalysed reaction is:

rate K[ES]

CHM-124

RATE PROCESSES IN CHEMICAL REACTIONS

(2)
!

Ea

| 1

Ea

1
D UHDFWLRQ SHUIRUPHG LQ WKH DEVHQFH RI

3)

Potential energy

Reaction progress

Figure Ill.LA.9.2: Potential energy diagrams: (1) exo-
thermic (CHM 9.5) without a catalyst; (2) exothermic
with a catalyst; (3) showing both with and without a cata-
lyst - the forward reaction being endothermic, thus the
reverse reaction is exothermic.
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