221.40-1

Mathematics - Course 221

APPENDIX 1: REVIEW EXERCISES

Review Exercise #1: Reliability

l-

A system of 12 dousing valves, tested monthly, has developed
10 failures of individual valves in 8 years' operation.
Calculate the unreliability of an individual valve.

Calculate the annual risk of a nuclear incident at a reactor,

which, during 9 years'operation, developed the following
faults:

{a) 3 unsafe failures of the regulating system.
(b) 50 complete failures of the protective system, failures

of which are detected and corrected at the beginning
of each shift,

At a certain nuclear generating station, three independent
divisions of equipment protect against nuclear accidents:

(1) process egquipment with a failure frequency of 0.3
per annum,

(ii) protective equipment with unreliability of 2 x 10~ 9%,
and

(iii) containment equipment with unreliability of 5 x 10-3.

' ‘Calculate the annual risk (frequency) of

February 1979

{(a} an incident consisting of process failure combined
with simultaneous failure of either protective or
containment systems.

(b) simultaneous failure of all three systems.

Monthly testing of 6 safety switches has revealed 8 failures
of individual switches during 15 years' operation.

(a} Calculate the unreliability of a switch.

(b) How, without altering the equipment, could the

unreliability in (a) be decreased by a factor
of about 3072
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4. (c) How often should the switches be tested if the permitted
unreliability of a switch is 10727

5'
r*"“——““ B
A C
D
In the above system, a system failure consists of a failure
of either component A, or a failure of at least two of B,
C’ D.
Calculate the unreliability of the system, given componernt
reliabilities,
Qa = 0.05, and
QB=QC=QD= 0.1.
6. A pump designed for continuous operation has failed 6 times

in 5 years' operation, with total down time of 124 hours.
Calculate the unawvailability of

(a) the pump

(b) a system of three such pumps in a 3 x 50% parallel
arrangement,
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Review Exercise #2 (Lessons 221.20-1, 421.40-2, 321.10-3)

1.

3.

4.

Find the equation of the following lines in the xy-plane:

(a} passing through (2,4) and (3,1)
(b) passing through (-4,5) with slope -%
(¢) with y-intercept -5 and slope %
(d) passing through (4,-1) and parallel to 2x - 5y + 8 = 0
{e) passing through (6,-2) and perpendicular to 5x + 3y - 2
(f) passing through (-5,-3) with angle of inclination 135°
Given f(x) = x? -2x + 5 evaluate (a) £(0)
(b) £(-5)
(c) f£(x + a)
Plot y = x* - 2x + 5 and label the roots on the graph.

Find the slope and y-intercept of the following lines:

{a)
(b}

For each line in Question 4 state the change in

(a)
{b)
(c)

6x - 5y + 8 = 0§

%Bx + %y ~1=20

x corresponding €o an increase of y by 2
¥y corresponding to an increase of x by 5

y corresponding to a decrease in x of

2

—]

0



Review Exercise #3 (Lessons 221.20-2, 3 and 321.10-4)

1. If s{t) = t2 + 2¢

(a) plot s(t) vs t
{(b) £find the average velocity over the first 2 seconds
(t = 0 to £ = 2)
(c) find.the formula for the instantaneous wvelocity, v(t},
at time t, using

s{t + At) - st}

At>o At
(d) find v(2). (Compare with (b))
2, Find v{t) and a(t), using differentiation formulas if
(a) s(t) = -2/ (find v(4))
(b) s(t) = t? - 4t (£ind v(5))
3. Differentiate with respect to x:
2
{(a) 5x* - 2x + 13 (c) -x? + =5
(b) 4¥x? (d) x? - x
VX
4, Find equation of tangent and normal to curve y = x2 - 2x + 3
at fa) x= -1 {b) x =1

5. The decay constant A for a radionuclide is 0.010s™!
{a) Find the activity of a 10 curie source after 2.0 minutes.

{(b) There are 3.7 x 10'? radicactive nuclei to start with,
How many remain after 2 minutes?

6. Given that a radiocactive source has decay constant
A =1.2 x 10°% s™', find the

{a} activity of a 10 Ci source after 20 hours
(b} half~life of the source
(c) time for a 10 Ci source to decay to 1 Ci

{d} number of radioactive nuclei in a 10 Ci source
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Review Exercise #4: Practice in Solving Quadratics

1. At what points is 2 the slope of the curve

Xa 2
y =3 *tX -13x + 10?7

2. At what instants does the velocity equal Zzero if
2
s(e) = 2¢% + 25 - 10t - 52
3. At what x values are the slopes of the two curves equal?
(a) y1 =x% y2 =x%+x

3
(b) y1 = 3x® + Lx?; y2 = 12 + 15x ~ 5—

4. At what instants are the velocities equal for the following
displacement functions?

3
s, (t) = t? +%t2 -3t 5 sy (t) =%—+3t2 + 4
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Review Exercise #5: (To end of lesson 221.20-4)

l.

Using data tables, find &n x%x for x = .001, .01, .1, .5, 1
2,4, 6, 8, 10, Use your table of values to plot a graph
of &n x versus x.

245

1
{h) lOg m

(d) f&n e —At

Find (a) 4n e

(c) 1log L0/t

If A(t) = Age *t prove that half-~life ty = 94%23

The decay constant for a radionuclide is 3.8 x 10~ ° s™'.

Find the

(a) half-life
{b) number of half-lives to decay from 8 Ci to 1 Ci.
(c) time for activity to die down to 1% original
(d) time for activity to die from 2 Ci to 100 uCi

(e) number of radiocactive nuclei in a 2 Ci source

(L ci = 3.7 x 10'° dps)

. Ak
Given Ak = .008, L = 0,25, Py = 10 watts, P(t) = Pye —Et
(a) find P(t), P%t) at t = 20 minutes

(b) If rated power were 1000 MW, find the time to reach
rated power.

Given FP(t) = Pye éEt show that rate log power is directly

proportional to Ak, ’‘Explain the importance of a rate log
L

metexr to reactor operation.

Differentiate with respect to variable x or t as applicable:

(a) == (b) 2x® - 11x? + 14 (¢) -v/%X + %
VX

(d) e2%% (e) 100e 3t (£) 2/t
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Review Exercise #6: (To end of lesson 221.20-4)
1. Differentiate: (a) x!° {b) -2 (c¢) x%-x
' =
2
(@ &% (e) e~l/%
2. Find v{t) and a(t) given
(a) s{t) = 50t - 9.8t? (bY st} = et + t
(c) s(t) = 2t> - 14t% + 5t - 8
3. Find equation of tangent and normal to y = x? - 6x - 16 for
{(a) x = -1 (b) x =3
4, Find equation of the line

{a) through (-2,5) and (6,-1)
{b) through (4,1) and having y-intercept of -3,

5. Find slope and y-intercept of 4x + 5y - 13 = 0.
6. PFind the roots of f(x) = %% - 6x -~ 16.

7. Given Ak = ,005, L = .12 s, Py = 50 w, find, using P{(t) =
Ak '
_ft
Pye ’

(a} reactor power after 2 minutes
{b) time for reactor toc gain from 1% to 100% power.

42
8. Find (a) fne © (b) log 10"

9, Given t% = 10 minutes, find

(a} decay constant (b) time for source to decay
from 0.5 Ci to 10 ucCi

10. Find the activity of a source consisting of 2.0 x 10'% radio-
active atoms if the decay constant is 6.5 x 10~* s™! in

(a) dps (b) curies
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Réview Exercise #7: Integration Problems (Lesson 221.30-1)

1. Find the area under the following curves between the indicated

limits:

(a) y=2x+1, x=0¢tox=275

(b) y = vXx , X =4 tox =29

(c) y= 98 +3x+2, x=8 to x = 27

2. Find (i) v{(t) (ii) s(t) given the following:

(a) a(t) = -2, v(0) =6, s(0) =0
{b) alt) = 2/, v(0) = 0, s(0) = 100
(c) a(t) = -t + 3, v(0) = vo, 8(0) =0
3. (@) Given ¥ = dx +5 findy
2z
(b) Given %% =Y find s (t)
(¢) Given %% - 6t find v(t)
4, Find v{(t) and s({t) given
(a) af{t) = -9.8 w/s? v(0) = vy, 8{0) =
(b) a(t) = 0 m/s? v(0) = vo, s(0) = 0
(e} aft) = ¥& m/s? v({0) = vy, s(0) =10 m
5. Integrate:
{a) x?* -2 (b) 2t% - 4t
(c) VX (@) t~s
2 5
(d) — £ -2
" (£} =+ 14

6. Find the displacement function s{t) if the velocity function

is
{a) vi{t} = 2t - 3
(b) vi(t) = 3 /T + 4
7. Find v(t) and s{t}), given
{a) a{t) = -5 m/s?, v{0) = 10 m/s, s(0) =
(b) a(t) = 2t*, v(0) = 0, s(0) =0
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Review Exercise #8: {To end of lesson 221.30-1)

1.

Given f(x) = x® + x%2 - 17x + 15. Graph y = f(x), and label
the roots of f£(x) = 0.

Find the roots of £!(x) = 0, given f(x) as in Question #1.
What is the significance of these roots to the curve y = £(x)?

Find the eguation of the tangent and normal to y = f(x) of
Question #1 at x = 1.

Evaluate
2 —
(a) eﬂn 0.1 (b) lO1og t (c) fn e 2/t
(d) log 10¥ (e) -tn e 0% (g 10709 100 () Gin At

A source consisting of 8.6 x 10!3 radicactive atoms is
decaying at the rate of 7.5 x 10? dps. Find

(a) the decay constant
{b} the half-life
(¢) the time required for the activity to die to 1 ucCi.

If the half-life of a radionuclide is 8.4 minutes, find
{a) the decay constant
(b} the time for source activity to decrease by a factor

of 1000.
Differentiate:
3 —
(a) x7 - 6x® + % by X*_- 1
VX
() V%2 (@) x2/° +:§-
2 2
(e) e~2/% (£) ¥ 74

3 1
(@) /x(x® - 3)
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8. If reactor power builds up from 100 W to 1000 MW is 5.0
minutes and the mean time between neutron generations is
.1 seconds, find the reactiwvity.

9. If N(t) = Nuehlt' prove that %% = =-aN.

10. Find the eguation of the line

{a) parallel to 5y - 2x + 3 = 0 and passing through the
origin

{(b) perpendicular to 5y -~ 2x + 3 = 0, and having the same
y-intercept

(¢} having an angle of inclination of 45° and the same
x-intercept as 5y - 2x + 3 = 0,

11. (a) Given fl(x) = -2x + 0.4, find f(x) if £(0) = -7.
(b} Given acceleration af{t) = —2 , v{0) = 1, s(0) = 4,
find v(t), s{t). VE

(c) The R/C of g(x) with respect to x is - ;% ~ 10, Find
g(x).

(d) y increases 3 times as fast as x. If y = -5 when x = 0,
find vy as a function of x.

12, Find the area under the curve

{a) v = x° from x

il

1.5 to x = 5

0 tox =3

il

(b} v e® from x

7% from x

1l to 8

(¢) vy

- 10 -
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Review Exercise #9: {To end of Lesson 221.30-2)

1. Plot y = 1.5%, -5 < x < 10.

At

2. Plot A vs t where A(t) = Rse ", Ay = 100 Ci, and » = 0.01 s~!

{a} using semi-log graph paper for 10 < t < 1000 s,
(b) using linear graph paper for 0 < t < 1000 s.

(Note the advantages/disadvantages of logarithmic graph paper.)

3. The force F to extend a spring varies directly as the
extension x in meters.

ie, F = kx, where k is called the spring constant

{a) Prove that the work done in stretching the spring x
meters equals »kx?.

(b) How much work is done in stretching a spring by 0.25 m
if its spring constant is 1.2 x 10° N/m?

4. The force of gravity, Fg, on a satellite of mass M, varies
inversely as the square of its distance x from the earth's
= GMMg

g I

centre, ie, P

where G is the universal gravitation constant, and Mg is
the earth's mass,

(a) Prove that the work done by a rocket to lift a satellite
d meters above the earth's surface (neglecting friction)

8 GMgM d

R (R o+ d)

where Rgq is the earth's radius.

W =

(b) How much energy must the rocket provide to free the
satellite from earth's gravity altogether?

5. Translate the following rate-of-change statements to
differential egquations:
{a} The torgque T on a wheel equals the product of the

wheel's moment of inertia I times the time rate of
change of the wheel's angular velocity, w.

- 11 -
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7.

(b) The voltage V across an inductor equals the product of
the inductance L times the rate of change of the current
i with respect to time.

For a poison-injection shut down of a reactor, gadolineum
(Gd) is injected into the moderator at a concentration of

20 mg Gd/kg D,0. This Gd must be removed before the reactor
can be restarted. Moderator cleanup is achieved by cycling
the moderator through ion exchange columns, and the concen-
tration C(t) of GA remaining in the moderator after t hours
is given by the expression.

c(t) = 20 e 9-35t mg Gd/kg D,0
Find:

{(a) the time required to reduce the concentration to 0.8
mg Gd/kg D,0, at which the reactor can be restarted.

(b} an expression for the rate at which Gd is removed,
as a function of time.

(¢} the total reduction in Gd concentration during the
first 10 hours.

{(d) the average rate cof Gd concentration during the first
10 hours

(e} the instantaneous rate of G4d removal at half-time
(t = 5 h). Why is this rate different from that of
(d)?
(f) the average concentration during the first 10 hours.
For the V-shaped hydraulic dam illustrated below, assuming

water level coincides with top of dam, find:

(a} the total force exerted by the water against the face
of the dam

(b} the average pressure of the water against the dam
face

(¢) the center of pressure exerted by the water,



7/35.%[-(— 100 m —-»-L«((«\

80 m

L.C. Haacke

221.40-1
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APPENDIX 2: QUESTIONS BEARING DIRECTLY ON COURSE 221 CONTENT

FROM RECENT AECB NUCLEAR GENERAL EXAMINATIONS

Neutron power (linear N), logarithm of neutron power {(log N},
rate of change of neutron power (linear rate) and rate of
change of logarithm of neutron power (rate log) are four
types of neutron power signals used for CANDU reactor control.

(a) Which of these signals are uged for reactor regulation:

In each case, explain why the signals you selected are
required in order to provide adequate reactor regulation.

(b} Of the four signals listed previously, linear N, linear
rate and rate log are used for CANDU reactor protection.
Which one({s) of these signals is (are) more likely to
respond to dangerous conditions and to activate the pro-
tective system(s} when the reactor is:

l. Question #6, October, 1978
i) at low power?
ii) at high power?
i) at low powexr? Explain,
ti) at high power? Explain.
2. Question #7, October, 1978

The above diagram is a schematic representation of the typical
dump valve arrangement for a reactor with moderator dump. The
opening and closing of valves D, E and F are controlled by
channels D, E and F respectively. During five years of reac-
tor operation, the electronics of channels D, E and F were
tested three times a week and four unsafe failures of indi-
vidual channels were found.

(Cont'd)

February 1979 ' ' -
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2.

3.

Question #7, October, 1978 (Cont'd)

{a) Calculate the unreliability of a dump channel.

(b} If the correct operation of one dump line is sufficient
to achieve an efficient dump,

i) list the various combinations of channel failures
that will cause dump system to fail;

ii) calculate the unreliability of the dump system due
to dump channel failures.

Question #5, June, 1978

X X X
X X X

The above diagram is a schematic representation of the typi~
cal dump valve arrangement for a reactor with moderator dump.
In five years of operation of this reactor, six failures (to
open} of individual valves were found. The dump valves are
tested twice a week.

{a} Calculate the unreliability of:

i) a dump valve,
ii) a dump line.

{(b) Suppose that you have a dump system consisting of a
single dump line. Give and briefly discuss one advan-

tage and one disadvantage of using two dump valves in
that line instead of one.

Question #7, June, 1977

Give and explain four advantages that result from using trip-
licated instruments arranged in two-out-of-three tripping

circuit instead of a simple c¢ircuit actuated by a single
instrument.
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Question #11, June, 1977

In a control rocom we usually find meters which indicate neu-
tron power on a linear and logarithmic scale.

(a) Draw two simple instrument dials, one showing a linear
scale with values of neutron power from 0 to 100% and
the other a 1o?arithmic scale with values of neutro
powery from 10-°% to 100%. '

{(b) Given that 200 megawatts is 100% power, mark and iden-
tify the positions on each scale which correspond to the
following power levels:

i) 50% power
ii) 400 watts
iii) 10 kilowatts

Question #8, October, 1976

Give and explain three reasons why reactor safety systems
should be tested routinely.

Question #1, June, 1975

0.0001 100

% Full Power

The above diagram represents the face of an instrument which
indicates neutron power on a logarithmic scale. Given that
100 megawatts is 100% power, mark the positions on the scale
which correspond to the following power levels:

{a} 50% power

{b) 0.005 megawatts

{(c} 500 watts

NOTE: Mark the positions on the above diagram,
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NOTE:

Recent AECB nuclear general examinations have contained
many more questions impinging on course 221 content -
questions regarding nuclear decay rates, rate of fission
product buildup, variation of reactor power with time fol-
lowing reactivity changes, etc. No doubt such topics can
be discussed qualitatively without any use of calculus
{and gualitative discussion is all the AECE requires), but
a guantitative treatment of such topics certainly does
involve the use of calculus. Thus a background knowledge
of calculus concepts can hardly fail to quicken one's
insight into such topics, and to aid one's ability to dis-
cuss them @efinitively, even at the descriptive level.

L.C. Haacke
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APPENDIX 3: SOLVING QUADRATIC EQUATIONS

I Introduction

A quadratic fumetion is a function of the form
f(x) = ax* + bx + c,
where a, b, ¢ are real constants.
A quadragtic equation is an equation of the form

ax? + bx +c= 0

II Roots of a Quadratic Equation

The roots of a quadratic equation are the x~values which.
satiafy the equation. Therefore, to solve a guadratic equation .
is to f£ind its roots.

The roots -of the quadratic equation,

ax2 + bx +c = 0

are given by the formula,

_'~b + /b7 = dac_
Za

X

The quantity b%-4ac is called the discriminant, designated
"D". The value of D determines the number and nature of roots
of the guadratic, as summarized in the following table:

vValue of D = b%2-4ac | Number and Figure
Nature of
Roots
>0 2 real roots 1,2
0 1 real root 3,4
<0 2 complex 5,6
roots
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III Graphical Solution of Quadratic Equations

The graph of a quadratic function v = ax? + bx + ¢ is a
parabola, and the roots of the corresponding quadratic equation,
ax? + bx + ¢ = 0, are the x-coordinates of the parabola's
X=intercepts, since vy = ¢ at these x-values.

The "ax?" term dominates the value of ax? + bx + ¢ for large
values of %, and therefore, the sign of "a" governs whether the
parabcla opens upward or downward, as summarized in the following
table:

Value of "a" Parabola Opens As in Figures
> 0 upward 1, 3,5
<0 downward 2, 4, 6

The graphical significance of "a" and "D" values is sum=-
marized in Figures 1 to 6.

Iv Examples

(1) vy
(2) vy
(3) vy

2x% - 3% - 4
-x? + 6x = 9
x* + x + 2

{(a) Graph each of the above quadratic functions.

(b) From the graphs, find the roots of the corresponding
quadratic equaticns.

(¢) Calculate the roots by formula.
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Summary of Graphical Signjificance of

values of "a" and "p" = b? -~ 4dac"
a<a o0
Figure 2
2 real roots x;, X2
y {D > 0} y
X
D x
X3 Xg
Figure 3 Figure 4
: 1 real root, x,
D=0
Yy ¢ ) Y
Xy
S x
- X
X1
Figure 5 ' ' Figure 6
_ 2 complex roots ' E
y {D < 0) Y
& .
N7s x




Seolutions to Examples:

1.

(a)

% -2 -1 0 1 2 3

y 10 1 |-4 |~5 | -2 5

(b} From graph, voots of 2x? - 3x - 4 are approximately
_0.8' 2.3-

(¢) a=2,b=~3, c=-4
roots are x = —¢=31 :E-3))—4[§]f—4)
2(2

3 + /4T
4

(a)
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y = -x* + 6x ~ 9

(b) The graph indicates that -x? + 6x - 9 = 0 has only
one root, namely 3.
(c) a=-1, b=6, ¢ = -9
_ -6 + /6T TA-I1(=9)
2(-1)

. » roots are x

. =6+ /0
~2

3. (a)

%2+ x + 2

-6 4 -2 2




22L.8U=3

{b} Since the parabola does not intersect the x-axis,
x2 + x + 2 = 0 has no real roots.

{c¢} a=1, b=1, ¢ = 2

. . roots are x = ~1 + /1%27-"4(1) (2}
2{(1)

e S o)
Z

" Since b? -~ Z4ac <0, roots are complex.

v  Other Methods of Solving Quadratics

Alternative methods for solving guadratic equations include

(1) factoring, and
(2) completing the square.

Trainees are not required to be able to use these alternative
methods, but may use such methods at their discretion.

ASSIGNMENT

Solve each of the following quadratic equations
{(a) by graphing the associated gquadratic function
(b} by using the formula. |

1. x2 -3 =0

I,. Haacke
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APPENDIX 4: ANSWERS TO ASSIGNMENTS AND REVIEW EXERCISES

421.10~4 Assignment

1. (a}y 1lo? (b) 10 (c] 1a0°% (@) 1012
(e) 2078 (€1 109 (g} 1q+* (hy  10™*

2. (a}y 1lqo-? (b} 10™% {c} 102 (@ 1
(e) =107 (£} 10?? (g} 101¢ (h) 1q-13
(i) 109 (3} 10—1? (k) 1013 (1) +l0

3. (a) 100 (b) 0.001 (c} 100,000 (@) 0.000001

(e) 1,000,000 (£} 0.0001

4. (a) 1.65 x 10° (b) 6.93 x 107° (c) 3.75 x 10
(d) 2.5 x 10~? {e} 2.934 x 10°? (£) 1.01 x 10-¢
(g) 1 x 1lo0* {(h) 2.0 x 20™* (1) -2.49 x 10?2
(i) 9.7 x 107! (k) 1.76 x 10~! {1y 2.7
{m) 9.57 x 10° (n) 1.75 x 10~%* (0) 2.4 x 107

(p) 3.2 x 10'2

5. (a) 2.4 x 10°¢ (b} 5.6 x 1012 (¢} -1.1 x 101*
(d) =-4.3 x 10° (e) 4.5 x 1012

6. (a) 9.3 x 10°% (b) 6.9 x 10° (c¢) 3.4 x 107
(d) 5.5 x 10°12 (e} 5.5 x 102

7. (a) 2.3 x lo~!? (b 9.4 x 10~°

April 1980 ' -
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(a) ~-103
{(a) at®
(¢} m®
(1) a'*
{m) a%
(a) 27
(€) -z
(1) 1%
(a) 1

9.1 x 10™%%g

421.20-1 Assignment

(b} 9 (c}
3 190
(b) 3% a (c)
(fy atl?® (g)
(3) -27at {k)
(n) 9x%y {0}
) 33 (e)
(£) 6 ()
(b) 4x°® (c)

6.2 x 10'?® fissions/s

{a) 1lla

(c) 25x + 20y

(e} Bk - 2)

{(g) 4xy? + ¥y

(i) -5x - y + 4z

(a) -2y

{e) x

(1) -24x%y*p

5

bzz

20

= wra Wi
[\
W

TS

3%a?p?

(b) 6x% + 6x + 5%y + 5

(d) 8a + 5b + 12c¢
{(f} 1loa

(hy 4x%y® + 1 - x

1
(b) 3 (c}
(f) -3abc (q9)

(j) 22p%gs?t

{c)

(h}
(1)

(p)

(4)

(h)

(d)



10.

(a)
(c)
(e)
(g)
(1)

(a)
(c)
(e)
(g}
(i)
(k)

2

x? - 4xy ~ 32 y?

12a? =-23ac + 1loc?

0

a? -1

3x - 8
32m?nx

-1l8my + 15ty
2x - 23y

3¢ + k

~-3a - 6x

2xy

(b)
(@)
(£)
(h})
(3)

(b)
(d)
(£)
(h}
(1}

15x2 + 22x + 8

x* - y?
2%x + 5y
ix + 5

-(x? + x -3

-36ab2c?d
20h - 30k
x* + xy
-b + 7c¢
2ab

221.40-4
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421.40-1 Assignment

Y
F )
- 10
5{(15,10)
U(-3,8)0 00
¢ } { } ? x
-5 0 5 10 15
©s(4,-2)
@R(-S,—4)
T-5
WV
3. (a) 12 A (b) 2.4 Q

4, (a) 893 kPa

(b} 12.5 cm



(a)
(b)
{c)

£(6)

H(0)

d(p)

{(a)
(b)
(@)
(d)
(e)

421.40-2 Assignment

C({r) = 2nr

d(t,v) = vt

A(r,h) = 2mr? + 27rh

= 9; £{0) = =3; £(-2) = =7
= 9; H{l) = 0; H(a) = 0

12

no real roots since curve does not dross X=-axis
-2.9, -0.2, 3.1

3, =2

-1.53, -0.33, 1.87

221.40-4
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321.10~3 Assignment

1. {(a) (i) R = 1.670 (ii) I = 1.2 A.
(b} (i) R = 2.179 (ii) 1 = 4.6 x 1072 a.
2. (a) 7.4 x 10-% s™! (b) 2.6 h
3. (a) > (b) 0.6 () 9 (@ 4
(e} -0.2 - (f) =10 (g) 10 (h) 8
4. 0.84 k@

5, 1.1 x 10% hr.

6. (a) =3.1 (b) -9.8 (c} 2.6 (@) 1.7 x lo°®
(e) 1.1 (£) -11 (@) x=3 =19
(h) x = 7% = 1.1 x 10" (i) x =92°!' = 1.0 x 102
() x = 4%"% = 1.6 x 10° (k) x = 17'¢*® = 4.7 x 102%°
(1) x=67"%=6.9 x 10°

7. (a) % log X + % log ¥ + % log %
15
(b} log X + —3-log Z ~9 log ¥y

(¢) # log X - yy log ¥ + % log 2



321.10-3 Assignment

8. (a) 1339.43
(d) 50.12

9. (a) 9.1 x 102

321.10~-4 Assignment'

4. 3.3 minutes

5. 1.55 x 10%® MPC

6. 19.5 s

(b)

(b}
{e)

0.46

3.02 x 10 %

5.01 x 10~°5

(c)

1.2

{c)
(£)

(d)

221.40-4

25.31

0.76

3.2 x 10°



3 x 103

2 x 10™"

(a) 1.4 x 10°°

1.7 x 10™2

4 x 10™"

3 x 107°

every 4 weeks

221.10-1 Assignment

(b}

1.4 x 107°



2.

221.20-1 Assignment

221.40-4

Slope Angle of Equation
Inclination
4 o -
{a) T 53.1 4x - 3y =0
(b) 'g- 146.3° 2% + 3y - 6 = 0
{c) -1 135° X+ vy =0
{a) 0 oe y=-2=20
(e} o 9p¢° Xx+ 3 =290

Slope PQ = slope QR = %; Q is common to segments PQ, OR

P,Q, R are collinear.

Slope x = intercept y = intercept

(a) -1 4 4

5
(b) 7 4 -5

6

(c) 0 none r

. . ' - 4
{d) [[undefined 15 none




221.40-4

221.20-2 Assignment

Tangent slope at (x,f(x)} Tangent slope at x = %
{a) 10 x - 2 18
(a) 8x* - 12x? (b) -2-’1‘- - }%?i
(c) - or -
2/x°
(a) 2x - 6 (b} lox* - 3x?
(c) 2ax + b {c) %_x"‘llg - x_2/3
(a) 11 (b) -3

(c) -3 and 1




5.

6.

221.20-3 Assignment

221.40-4

(a) (b) -2 ) ¥
(-1,-3)
Tangent Equation Normal Equation
{a) XxX+y-2=20 x —y=20
(b) y = 4 x =1
v(t) v(2) a(t) a(2)
(a) lét - 3 29 16 16
(b) ||-8t - 4t° -48 -8 ~ 12¢2 -56
(¢) [t20t - 80/t? 20 20 + 160/t° 40
25m
Roots of f'(x) = 0 are x = 2.73, ~0.73; v = f£(x) has a
local maximum at x = -0.73, and a local minimum at x = 2.73.

- 11 -



£21.43U=4

12 -

221.20~-4 Assignment

(d)

(e}

48 minutes
4.4 hours

(a) 2x ex®-4 (b} e~X .
9 -/ -3, _1
(¢) ~x—2e-%" (@) x~ fex or x fe” #%
3 -1 5, _ 1
() %(St/2 S e hyeth - A
3
(F) x—te~1/X
(a) (i) v(t) = e¥ - 3¢2 (ii) a(t) = e - 6t
(iii) v(2) = e? - 12
(b} (i) v(t) = "% + 2 (ii) a(t) = e” ¢
(iii) v(2) = 2 - e~2
t 0 0.25] 0.5 1 1.5 | 2.0 | 2.5 l2.75 3
s 1 1.27]1.52] 1.72} 1.10)-0.61]|-3.44{-5.15|~6.91
v 1 1.20| 0.90 |-0.28{-2.271-4.61|-6.57]{-7.04|~6.91
a 1 |-0.22}1.35|-3.28}-4.52|-4.61]-2.82|-0.86] 2.09
9.3 x 1072 s-!
(a) 0.45 Ci
(b) (i) 5.2 x 10!'° (ii) 1.1 x 1lo0'?
(c} (i) 0.34 Ci (ii) 7.1 mCi




221.40-4

6. see text

L+ 0.58 = Aoe—lt%

. In 0.5 = —lt%

7. By definition of t

- _ In0.5
- . t% - - ""A
But In 0.5 = 1lnk = In2~! = -in2
. _ 1In2
- - t;ﬁ - -—')'\-""'
9.
i t. 0 1 2 3
N{t) 10%2% | 7.94 x 10'? | 6.31 x 101° 5.01 x 101%°
’ t i 5 10 15 ! 18
| I3
| n o) ! 3.16 x 10'* ] 9.99 x 10*® ) 3.16 x 10'® | 1.58 x 10'°
| | i
10. t(s) P (W) P(%F.P.) ol (3F.P. /8)
0 100 1 x lo—* 5 x 10768
20 2.7 x 107 2.7 x 10— 1.4 x 107°
49 7.4 x 102 7.4 x 107* 3.7 x 10”53
60 2.0 x 10° 2.0 x 10™° 1.0 x 10~*%
80 5.5 x 103 5.5 x 10~ 3 2.7 x 10~*
100 1.5 x 10% 1.5 x 1072 7.4 x 10°%
120 4,0 x 10* 4.0 x 10~% [ 2.0 x 10-3
140 1.1 x 10° 1.1 x 107! i 5.5 x 1073
160 3.0 x 10°% 3.0 x 102 ( 1.5 x 10~32
180 8.1 x 10° 8.1 x 1071 t 4,1 » 1072
200 2.2 x 10°% 2.2 g 0.11
220 6.0 x 1068 6.0 L 0.30
240 1.6 x 107 16 | 0.81
260 4.4 x 107 44 [ 2.2
280 1.2 x 10°8 1.2 x 1072 ! 6.0
300 3.3 x 10% 3.3 x 10¢% i 6.3

- 13 =



{c)

(d)

(e)

11.

...14_

The rate at which the needle moves across the linear scale
(linear rate) increases exponentially with time--the needle
moves imperceptibly for about 3 minutes, then moves ever
more rapidly across the scale, covering the final half of
the range in just 14 seconds. This is just as one would

expect from the mathematical expression

3

4
P'(t) = %? P(t) = %? Poe L

The rate at which the needle moves across the log scale
(rate log P) is constant, ie, the needle advances by the
same amount each 20 seconds. This is in agreement with the
mathematical expression

d Ak :
IT log P(t) ='TT log e (cef. question 12)

linear scale more sensitive at high power; log scale at
low power

(1) signal output proportional to log P is more sensitive
to changes in P at low power (<10% full power, say)

(ii) signal output proportional to P is more sensitive to
changes in P at high power

See text



221.40-4

221.20-5 Assignment

Force F equals mass m times R/C velocity v wrt time t.

Angular velocity w equals R/C angular displacement &
wrt time t.

Angular acceleration o equals R/C angular veloctiy w wrt
time t.

Torque T edquals moment of intertia I times R/C angular
velocity w wrt time t.

Force F equals rate of decrease of potential energy E
wrt distance r from force center.

Power P equals time rate of energy output (or conversion).
Electric current i equals rate of flow of charge q.

Capacitor current i, equals capacitance C times R/C capaci-
tor voltage V. wrt time t.

Inductor voltage Vi equals inductance L times R/C inductor
current i; wrt time t.

Rate of decrease of number W of radioactive nuclei remaining
at time t equals decay constant A times N.

Rate of decrease in radiocactive source activity A equals
decay constant A times A.

Rate of decrease in number N of nuclear projectiles equals
macroscopic cross section I times penetration depth x.

'‘Linear rate' power P equals reactivity Ak times power P
divided by mean neutron lifetime L.

'Rate log power' equals reactivity Ak divided by mean neutron
lifetime L.

Specific heat capacity C of a substance equals R/C quantity
Q of heat stored in substance wrt temperature T of substance,
divided by the mass m of the substance.

Heat Q flow rate (in a fluid) equals specific heat capacity
C times temperature difference AT across system times mass
m flow rate.

- 1R -



- 16 -

Heat H flow rate equals minus thermal conductivity k times
cross sectional area A times R/C (rate of increase) tempera~
ture T wrt depth x in conducting medium. (Minus sign indi~
cates directions of heat flow and increasing temperature are
opposite.)

R/C of gas volume V wrt temperature T equals number n of
moles of gas times gas constant R divided by gas pressure P,

Voltage V induced across a coil equals number N of turns in

coil times rate of decrease in magnetic flux ¢ linking the
coils.

See Table 1, lesson 221.20-5.

6.0 x 107*N
moi1
(a) Vi = -Mo=
(b} (i) Va(t) = 6t% -~ 12t (i1} Va(2) = 0



221.30~1 Assignment

See text

see text

(a) -% %x2 + C

(b)

"
et + 4t +c

{c) %xa + %xz - B5x + C (d) 2e’/E + C
5
(e} x* - %- x5 4 ¢ £y -—e~t’ & %t %oy ¢
u_ v(t) s (t)
(a) _" 0 0
{b) h 2¢ + 10 %2 + 10t + 14
2 1l 3
(c) 'I t? + v, 7 7+ vt
(d) JI 11 - e~t et 4 11t - 11
s(t) = vyt - '4_..‘:71'.2
(a) 99 (b) 37—31-
(c) 72% (@) %(1 - e=")
7
{a) 79I§ {(by 77.5
(c) 23 - e?

221.40-4

- 17 -
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221.30-2 Assignment

{(a) 8 sguare units (b) 21% square units

(c} 9 square units

() (i) 7.2 x 10? mrem (ii) 1.8 x 102 mrem/h
(a) Va;c (1 - e=2T/FC, (b) 1 W
{a) wvi{t) = -6 -9.8¢c ; s(t) = 1000 - 6t - 4.9t?

{bY 14 seconds
{¢) =73 m/s
{(d) 6.5 x 102 m

12 7

(a) 1.6 x 0% N (b} 9.8 x 10* Pa

(c¢) at (0,11)



221.40~1 Review Exercises

Review Exercise #1

1. 4 x 10°°8
3. (a}y 2 x 10~°?

4, (a) 3.7 x 10 3

2'

{b)

(b)

(c}) test every 12 weeks

5. 0.08

6. (a) 3 x 10™7°

Review Exercise #2

1. (a) 3x+y - 10

{¢) 2x - By - 25

(e) 3x - 5y - 28

2. (a) 5

(b)

=0 (b)
= 0 (@)
(£)

n
o

(b)

(c) x?% + 2ax - 2x + a? - 2a +

3. neo real roots

4, {(a) slope = %
(b) slope = —f%
5. (a) (i) 2
(b) (1) 6
(€ (i) -2

-
rF

y-intercept

: y~intercept

(ii)

(ii)

(i1)

8 x 10~*
3 x 1078

test daily

2 x 107°

dx + 3y + 1 =0
2x -~ By - 13 =0

XxX+y +8=20

40

221.40-4

- 19 -



Review Exercise #3

1. (b) 4 nm/s

i

-1/vt

3t? -

2. (a) wvi(t)

(b) wvi(t)

3, (a) 15x% - 2

(e} =-2x - 4x~ %

(e}

-
[

4

2t + 2 m/s (d) 6 m/s

1_3
v{4) = -% ; a(t) = 3t _é

i vi(5} =71 ; a(t) =6t

(b) 3%§
(d) 3x -1
2;x

4, (a) tangent 4dx +y - 2 =20

_normalx-4y+25=0

(b) tangent y = 2
normal x = 1

5. (&) 3.0 ci
6. {a) 4.2 Ci {b

Review Exercise #4

)

(b) 1.1 x 10?t°8

16 h {c) 53 h (@) 3.1 x 10%®

1. (-5, 53%) and (3,-11)

2. t = -% and t =

2

3



Review Exercise #5

2. {a)

(a)
{e)

{a)
(b)

{a)
(c)

(e)

2.5 (b} -4
5.1 h (b) 3
1.9 x 1015
P=4.8x 107 W
9.6 minutes
-3/vx?®
-1 _ .2

2V% x?
—400 e 4t

Review Exercise #6

1. (a)
{c)

(e)

2. (a)
- (b)
{c)

3. {(a)

(b)

15x*

5 %% _2 ~%
§X —3-}{

2 _-1/}{2

;3'9

v = 50 - 19.6t ;
v=et+l ;
v = 6t - 28t + 5
tangent: 8x +'y
normal: X - 8y
tangent: y + 25
normal : Xx =3

-
’

a

a

-
I

+ 17

i

71

(c) 4/t (d)
(¢} 34 h (d)
P! = 1.5 x 101% w/s

u

(b) 6x% - 22x
2
(d)  4xe?X
(£) % /"
3
by x~ %
(a) exﬁ
2/%
-19.6
e‘t
= 12t - 28
0
0

72 h

221.40-4

- 21 ~



L) U~

4.

(a)
(b)

slope

{a}
(a)

3x + 4y - 14 = 0

X~-y =-3=20

wi) s

; Yy-intercept =

1.2 % 10~°% s™¢

1.3 x 10'? dps

Review Exercise #7

- 22 -

(a)

(a)
(b)

{c)

(a)

(b)

{a)

(b)

(c)

30

]

Yy

s(t)

v(it)

v{t)

vit)

-2t + & 8 =
3
L% s -

13
5

1.1 x 102 s or 1.8 minutes

(b)

(by VT

(b) 2.6 h
(b} 35 Ci
) 12 %
-2 + 6t
84 4+ 100

-t2/2 + 3t + v,

-t3%/6 + 3t%/2 + vt

2x% + 5% + C

2 ié
'S-t + C

-9 .8t + Vi
vy : s(t)

4
%t/s“l'\fu

-
!

.
r

(c)

s(t)

Vgt

s(t)

(e) 1162.1

vit) = 3t?2 + ¢

-4‘

2
28

9t2 + vyt

7
t/a-l'Vot-!'lO



221.40-4

5. {a) i; - 2x + C (b) ﬁ; - 2x? + C
y
(@ 2x%4c @ -E +c
(@) - % +C (£} 10/% + 14x + C
%
6. (a) t?% - 3t +C (b) 2t + 4t + C
7. (a) vi(t) = -5t + 10 ; s(t) = - %tz + 10t
(b) v(t) = 5£* ; s(t) = £*/6

Review Exercise #8

l. Roots are x = -5, 1, 3

2. Roots are x = =-2.73, 2.07.
Significance: f' = 0 => tangent slope = 0

o« Curve v = f(x) has maximum at X = =-2.73 and minimum
at x = 2.07.

3. tangent: 12x +y = 12 =90

normal: X =-12y - 1 =0

4. (a) 0.1 (b} t2 () -% (@) vy
(e) 0.4 (£} 100 (g} At

5. (a) X = 8.7 x 107% 7! (b) 2.2 h
(c) 39nh

6. (a) 1.4 x 10°% ™! (b} 1.4 h



LLd, FU—2

_2 9 _3
7. (a) 7x5-18x2+%‘-x/3 (b) %x/2+%-x/2
- 2 -4 2 =3 a
(@ 3 @ gFx 7 -5
4 ~2/t% 2 _
(e) T © (€) 2x ¥ 4
7 5/2 1 __3/2
(g) 5 X + 5 b 4

8. 0.0054

1]

10. (a) 2x - By 0 (b} 25x + 10y + 6 = 0

(c}) 2x - 2y - 3 =20

11. {(a¥ ~x? + 0.4x - 7

=8

(b) vit) = &Yt + 1 ; s(t) t3/"+t+4

Lo

e) 2 .-10x+¢C
X

(dy v = 3x - 5

12. ({a) 155 (correct to 3 8.F.)
(by e - 1

1

Review Exercise $#9

3. (b) 3.8 x 10%? J

4. (b) GMM /Ry

di
at

dw
at

<
li
e

5. (a) T=1 (b)

- 24 =-



221.40~4

(a) 9.2 h (b) ~7.0 e-0-35%
(c) 19 mgGAa/kgD,0 (d) 1.9 mgGd/kgD,0 per hour

(e} 1.2 mgGd/kgD,0, different from (d) since C'(t) is
exponential, not linear in time.

(f) 1.7 mgGd/kgD,;0.

(a) 5.3 x 10® N
{p) ©0.13 MPa

{(c) 39 m vertically above "V" hottom

221,40-3 Assignment

.+.l-73 2. -2' 4

Bl
L
e

]

-1 * ¥Y=23 (no real roots)

-0.37, 5.37 6. 2

I..C. Haacke

25



