Mathematics = Course 221

221.40~4

APPENDIX 4: ANSWERS TO ASSIGNMENTS AND REVIEW EXERCISES
421.10-4 Assignment

1. (a}y 1lo? (b) 10 (c] 10°% (@) 1012
(ey 1078 (£} 1a¢—® (g} 1Q+* (hy 10™*%

2 (a} 1Q-?2 (b} 10~% {c} 102 (@) 1
(e) =107 (f} 1la0?°? (g} 101° (h) 1g—13
(i) 1o0? (3} 10—?11 (k) 10t% (1) =10

3. (a) 100 (b) 0.001 (c) 100,000 (d) 0.000001
(e) 1,000,000 (£} 0.0001

4. (a) 1.65 x 10° (b) 6.93 x 10* (c) 3.75 x 10
(d) 2.5 x 10=? (e} 2.934 x 103 (£ 1.01 x 10-?
(g). 1 x 10" (h) 2.0 x 10~* (i) -2.49 x 10?2
(3 9.7 x 10~! (k) 1.76 x 10~} (1) 2.7
{m) 9.57 x 10% (n) 1.75 x 10~ %* (0) 2.4 x 107
(p) 3.2 x 1012

5. (a) 2.4 x lo? (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-!? (by 9.4 x 10~%
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221.40-4

(a) =103
{(a) al®
(e} m®
(1) a'*
{m) a%
(a) 27
(&) -35
(i) 1%
(a) 1

9.1 x 10~ %%g

6.2 x 10'® fissions/s

{a) 1lla

(c) 25x + 20y

(&) Bk = 2]

(g) 4xy? + y

{i) -5%x - y + 4z

(a) -2y

{e) x

(1) -24x%y*p

421.20-1 Assignment

(b)

(b)

(£}

(1)

(n)

(b}

(£)

(b}

(b)
(d)
(£}
(h)

(b)

(£)

(1)

9 (c}
g_z_ alo (C)
al® (g)
-27a’ {k)
9x%y (o)
1

I3 {c)
3 (9)
4x° (c)

bzz

20

= wra W
[\
W

TS

3%a?p?

6x* + 6x + 5xy + 5

8a + 5b + l2c¢
l0a

4x%y? + 1 - x

x b

{(c)

(h}
(1)

(p)

(d)

(h)

(d)



10.

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

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

X2

12a?2 =23ac + 1l0c¢?

0

a? -1

3x - 8
32m2nx

-18my + 15ty
2x - 23y

3c + k

-3a - 6x

2xy

- 4xy ~ 32 y?

(b)
(d)
(£)
(h)
(3}

(b)
(4)
(£)
(h}
(1)

15x2 + 22x% + 8

» 2

X - Y
2x + 5y
4x + 5

-{x? + x - 3}

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

221.40-4
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421.40-1 Assignment

1.
Y
F )
1+ 10
§(15,10)
u(-3,8)Q 00
T 5
Q(-2,90 (G P(3,4)
¢ } } } ? x
-5 0 5 10 15
©s{4,-2)
(® R(-5,-4)
+ -5
w
3. (a) 12 A (b) 2.4 Q
4. (a) 893 kpa (b) 12.5 em



(a)
(b)
{c)

£(6)

H(0)

d(p)

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

C{r) = 2nr

d(t,v) = vt

A(r,h) = 2mr?
= 9; £(0) =
= 9; H{(l) =

12

no real roots

—2-9; _002, 3.

3, =2

-1.53, ~0.33,

421 .40-2 Assignment

+ 2mrh
-3; £(-2) = =7

0; H(a) = 0

since curve does not cross x-axis

1

1.87

221.40-4
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321.10~3 Assignment

l'

(a) (i) R = 1.670 (ii)

(b) (i) R = 2.178 (ii)

(a) 7.4 x 10~% s—! (b}
1

(a) 3 (b) 0.6 (c)

(e} -0.2 (£) =10 (g)

0.84 kQ

1.1 x 10% hr,

(a) =3.1 (b) -9.8 (c}

(e) 1.1 (f) -11 (g)

(h) x= 7% = 1.1 x 10" (i)

(3) x = 4%5"% = 1.6 x 102 (x)

(1) x=67"% = 6.9 x 10°%

{a) % log X + % log ¥ +.% log 2

(b} log X + ég-log Z ~9 logy

(c)

% log X - f% log ¥ + % log 2

1 = 1'2 A.
I = 4.6 x 10°2 A,
2.6 h
g (ay 4
10 (h) 8
2. (a) 1.7 % 10?
27
x =3 =19
x = 92°! = 1,0 x 102
x = 17'%*¢ = 4.7 x 10%°



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°



221.10-1 Assignment

3 x L0-?

2 x 10"

(a) 1.4 x 10°°

1.7 x 10™2

4 x 10"

3 x 10”°

every 4 weeks

(b}

1.4 x 10738
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221.20-1 Assignment

1.
Slope Angle of Equation
Inclination
4 o -
(a) 5 53.1 4x -3y =0
(b) 'g- 146.3° 2% + 3y - 6 = 0
{c) -1 135° X +y=20
{a) 0 oe y=-2=20
(e} oo 9p¢° x+3=0

2. Slope PQ = slope QR = ¥%; Q is common to segments PQ, QR
.. P,Q, R are collinear.

3.
Slope x = intercept Yy = intercept
(a) -1 4 4
5
(b) 7 4 -5
6
(c) 0 none r
. . ' - 4
{d) [undefined 15 none
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221.20-2 Assignment

Tangent slope at (x,f£(x))

Tangent Slope at x

{a) 10 x - 2 18
2 1
(b) -5 1

2

(a) 8x® - 12x2 (b) 2% .23

a X
3 3
@ 2 °f T AT

(a) 2x - b

(c) 2ax + b

(a) 11

{(b) 1o0x"* - 3x?

(c) 3‘3

{(b) -3

(c) L and 1
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221.20-3 Assignment

1. (a) -4 (b) -2 () ¥
2. (=1,-3)
3.
Tangent Equation Normal Equation
{a) X+y-2=0 x -y=20
(b) y = 4 x =1
4.
v(t) v(2) a(t) a(2)
(a) 16t - 3 29 16 16
(b) -8t - 4t° -48 -8 - 12¢2 -56
(c) 20t - 80/t? 20 20 + l60/t? 40
5. 25m

6. PRoots of f'(x)

= 0 are x = 2,73, -0.73; y = £(x) hasg a
local maximum at x

= =-0.73, and a local minimum at x = 2.73.

- 11 -



Z21.4U=4

12 -

(a)
{c)

(e)

2x ex®-4

-1

221.20-4 Assignment

(b} e~X%

l.
(d) x~ frgmx” A or x e #X

-1 - 3
%Gt%-t Amt% ¢ 4

(a)
(b)
(c)
(d)

(e}

0.45 Ci

(i) 5.2 x 103

(i) 0.34 Ci
48 minutes
4.4 hours

(ii) 1.1 x 1o0'?

(ii) 7.1

mCi

3
(£) x—ke--l/x
(a) (i) v(t) = et - 3¢?2 (ii) a(t) = e% - 6t
(iii) v(2) = e? - 12
. -t P - -t
(b} (1) v(t) = =e + 2 (ii) a(t) = e
(iid) v(2) = 2 - e~2
t 0 0.25] 0.5 1 1.5 | 2.0 | 2.5 {2.75 3
8 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 10712 sg~!




221.40-4

6. see text
7. By definition of t,, 0.52, = Age Aty
. In 0.5 = —kt%
- _ In0.5
R ey e
But In 0.5 = lnk = In2”! = -in2
. _ 1ln2
S B
9.
t. 0 1 2 3
N{t) 10%2% | 7.94 x 10'? | 6.31 x 10%°® 5.01 x 101°
t 5 10 15 ! 18
t
N{t) ! 3.16 x 10%® 1 9.99 x 10*®* ) 3.16 x 10'* | 1.58 x 10'°®
: l
10. t(s) P (W) P(S$F.P.) o (3F.P. /3)
0 100 1 x lo—* 5 x 10~§
20 2.7 x 107 2.7 x 10™* 1.4 x 10°°%
49 7.4 x 107 7.4 x 107* 3.7 x 10°°%
60 2.0 x 108 2.0 x 10™° 1.0 x 1g™*
80 5.5 x 103 5.5 x 10~ 3 2.7 x 10™%
100 1.5 x 10* 1.5 x 10™2 7.4 x 10°%
120 4,0 x 1lo* 4.0 x 10~2 [ 2.0 x 10-3
140 1.1 x 10° 1.1 x 107! i 5.5 x 107°
160 3.0 x 10°% 3.0 x 10°1° E 1.5 % 102
180 8.1 x 10°% 8.1 x 1071 bo4,1 x 1072
200 2.2 x 10% 2.2 § 0.11
220 6.0 x 1068 6.0 b 0.30
240 l.6 x 107 16 | 0.81
260 4.4 x 107 44 | 2.2
280 1.2 x 10° 1.2 x 10°? 4 6.0
300 3.3 x 10°® 3.3 x 10¢% i i6.3

- 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

o
Pi(t) = SE p(r) = B Ppe *

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 .
IF log P(t) =5 log e (cf. 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
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221.20-5 Assignment

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

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

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

Torque T equals 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 V; equals inductance L times R/C inductor
current i; wrt time t.

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

Rate of decrease in radicactive 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.

- 15/



- 16 -

Heat H flow rate equals minus thermal conductivity k times
cross sectional area 3 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 10™°N
/s = di]-
(@) Vy = ~Me=
(b) (i) Va{(t) = 6t? -~ 12t (i1} V,(2) = 0
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221.30-1 Assignment

l. see text

2. sSee text

3. (a) —% x% + C (b) et + l;tu + C
{c) - %—xa + %xz - 5x + C (d) 2" 4 ¢
() x* - %-;/3 +C 5y -t 4 %ts/z +C
4. _
u_ vt} s (t)
(a} H 0 0
{b) h 2¢ + 10 t2 + 10t + 14
(c) 'l t?2 + v, %— t? + vyt
(d) -ﬂ 11 - e~t e~ 4 11t - 11
5. s(t) = vt - 4.9¢?
6. (a) 99 (b) 373
(¢) 723 (d) %(1 - e~")
7. (a) 194 (b) 77.5

(c) 23 - e?



18 -

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/ RS (b) 1W
{a) wvi{t) = -6 -9.8t ; 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~°¢
3. fa) 2 x 1073

4, (a) 3.7 x 10 8

2'

{b)

(b)

(c} test every 12 weeks

5. 0.08

6. (a) 3 x 1073

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. no real roots

.
&

m

=

Q

o

0]

n
i} oy

= -1
(b) slope = 10

by (1) 6

() (i) -%

-
rF

y-intercept

: y-intercept

(ii)

(ii)

(i1)

8 x 10~
3 x 10°¢

test daily

2 x 1078

4dx + 3y + 1 =0
2x -~ By - 13 =0

X+y+8=20

40

221.40-4

- 19 -



Review Exercise #3

1. (b) 4

2. (a) wv(t)

m/s (c) 2t + 2 m/s (a)

i

-3
=1/VE ; v(4) = -% ; a(t) = %t .A

3.1 x 10°%°®

(b) wv(t) =3t -4 ; v(5) =71 ; a(t) =6t
3. (a) 15x%x? - 2 (b) 8
37x
(¢) -2x - 4x~ % (4&) 3x - 1
2V
4, (a) tangent 4x +y - 2 =0
_ normal x - 4y + 25 = 0
(b) tangent y = 2
normal x = 1
5. (a) 3.0 ci (b) 1.1 x 10?8
6. (a) 4.2 Cci by 16 h {c) 53 h (&)

Review Exercise #4

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

= -3

2. t 2
3 {a) =
(b) x

= 3

4 t 3

and t = %

1 and x = -%

= —= and %



Review Exercise #5

2. {a)
4, (a)
{e)
5. f{a)
(b)
7. (a)

(c)

(e)

2.5 (b) -4

5.1 h (b) 3
1.9 x 1o0'®

P=4.8 x 10*'7 w

9.6 minutes

-3/vx?
1

2
27k %%

—400 e 4t

Review Exercise #6

1. (a)
{c)

(e)

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

3. {(a)

(b)

15x*

5 *%% _2 A

3 X 3 X

2 _-1/2{2

x7 ©

v =50 - 19.6t ;

tangent: 8x +.y
normal: X - 8y
tangent: y + 25

normal: x =3

i

-
L

-y

17
71

Pl

(c)

{c)

4/t (d) =it

34 h (d) 72 h

= 1.5 x 10'% W/s
(b) 6x2% - 22x
2
(@) 4xe?®
(£) —F /"
3
(b} x~ %
(a) eJE
2/%
-19.6
et
= 12t - 28
0
0

221.40-4

- 21 ~



BT LN 1

4. (&) 3x + 4y - 14 =0
(b) x~-y ~-3=20

un) s

B. slope = -

9, f{(a) 1.2 % 10~°% s™!
10. (a) 1.3 x 10!? dps

Review Exercise #7

1. (a) 30

3
(by v = %t % 8

; Y-intercept =

13

1.1 x 102 s or 1.8 minutes

(b)

by VY&

(b) 2.6 h
(b} 35 ci
) 12 2
-t? + 6t
%gti4_+ 100

(¢) v = -t2/2 + 3t + vy

s = -t¥/6 + 3t?/2 + vt

3. (a) y = 2x% +5x + C

5
(b) s(t) = %t’é +
4. (a) v(t) = 9.8t + v,

vy : s(t)

(k)  vi(t)

(c) vi{t) % tié + vy

- 22 -

(c)

(e) 1162.1

vit) = 3t? + ¢

9
58 t

7
/3+V°t+10



x3 _ xlI- _ 5
{a) — 2x + C (b) =5 . 2x° + C
2 %% x*
{c) T X + C {d} -~
(e) —%+c (£} 10/% + l4x + C
¥
6. (a) t2 - 3t +C (b) 2t7% + 4t + C
7. (&) vit) = -5+ 10 ; s(¥) = - 3t? + 10t
(b) v(t) = 2% ; s(t) = 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
.. Curve v = f(x) has maximum at x =
at x = 2.07.
3. tangent: 12x +y - 12 =0
normal: X -12yvy - 1 =0
4. (a) 0.1 (b) t? () —% (@)
(e) 0.4 (£) 100 {g) At
5. (a) A = 8.7 x 1075 g™} (b) 2.2 h
{c) 39 h
6. (a) 1.4 x 10”% g~! (b} 1.4 h

221.40-4

-2.73 and minimum

-— 23_-



£, FU—2

7. (a) 7x® - 18x? + 3 XA () %.xié s 1%
(@ 3% @ 2x%-3
(e) é% e/t (£) 2x ¥ - 4
(g) % x4 % x~ 7

8. 0.0054

10. (a) 2x = 5y = 0 (B) 25x + 10y + 6 = O

() 2x - 2y - 3 =0

11. (a} ~x% 4+ 0.4x - 7

_ ] _ 8 . %
(b) vit) =4yt + 1 ; s(t) = =t + t + 4

3
(c) % - lox + C
(d) vy =3x -5
12. (a) 155 (correct to 3 §8.F.,)
(by ea® -1
(c) 11 %
Review Exercise #9
3. (b) 3.8 x 102 J
4 (b) MM /Ry
5. (a) T =1 9w ) ve=rp3

at

-~ 24 =



(a)
(c)
(e}

(£)

(a)
{b)
{c)

-0.37, 5.37 6.

221.40~4

9.2 h (b) ~7.0 e~0-35¢

19 mgGAa/kgD,0 {(d) 1.9 mgGd/kgD;0 per hour

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

1.7 mgGd/kgD,0.

5.3 x 10% N
0.13 MPa

39 m vertically above "V" bottom

221.,40-3 Assignment
2. -2' 4

4

4l "'3"

-1 + ¥=23 (no real roots)
4

L..C. Haacke

25
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