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The person :4 |if :t =0.04sec = F :—P=4—OO:10000N
At 0.04
if :t=003sec—F = 2P _ 400 1333333\
At 0.03
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10 10 m.sec
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Before p; = mv; = (1500 kg)(—15.0im/s) = —2.25 X 10 i kg-m/s

p; = mv;= (1500 kg) (2.60i m/s) = 0.39 X 10%i kg-m/s

=150 m/s
Hence, the impulse is
I=Ap=p;—p;= 039 x 10%ikg-m/s
— (—2.25 X 10*i kg-m/s)

After I= 264 x10% kg-m/s

2,60 m/s
The average force exerted on the automobile is

— Ap 264 X 10%ikg-m/s -
T — — ‘- x e "
X At 0.150 s AR,
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X

P 9

Particle density ~ Acceleration of gravity

Gravity Force:  F,= (%nwj X

H_/
Volume of spherical particle
4

3
g nR X

%/_J

Volume of spherical particle

Deterrent force: | F,=6m R x 1 x V

Effective radius of particle viséosity Sediment speed

X

Po 9

solution density ~ Acceleration of gravity

Floating Force: TF.= (

2R?
- 9

>F-F=FK=>V-= o

(P=ps)

N

ﬁ)\).ﬁbﬁlé}}d)bb&ué}l}w;\—o

v~
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Walking
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Simple Harmonic Oscillator Walking: a pendulum-like gait

centre of mass

X Energy
F 3

2,
m T —kx
N ' x = Acos(wt + @),
2,
F — _E.l = —w X
Lo, Lodey L,
KE = E_ﬂﬂ.‘ = iﬂ'! (E) = if”.""‘l WosinT (wit +'D].

]' 7 I' T I' ¥ 1
PE = Eh_ = Ekﬂz cos~(wt + @) = EH'IA_-;:J_ cos> (Wt + @)

1 7 .2 1 7 2 . l 79
E=KE+PE = imﬂ‘mz sin-(wi + @) + EH?A'ME cos~(wt 4+ o) = imﬂ‘u'
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Mass on a Pendulum

d*#

:MLF = —mgsin#.
ng = —mgt
d>g
= _%9 S—-} 8(t) = B cos(wt + 3),

1, 1 doy: 1 | |
KE = Emv‘ = Em (LE) = imBE 27 Slllz[w‘f + /),

because v = Ldf/dt = —B Lwsin{wt + (7). The potential energy is

1
PE = mgL(1 —cos#) = EmgLE".

— ~ 1 _ g2
because for small & (|#] <« 1), ] —cos# =1 —6-/2, and so E_ PE
I. ] 1 P2 2 .72 . 1 I T 7 )
PE = EHI"I;I'LBCUSI{_HJ:: + ) = EH‘!BELZME E-DSEII:uJ.I’ + ) = imﬂ L w sin~(wt + ) + imﬂ‘L‘w' cos” (wf + (9)
1 ,
= imBELEuﬁ
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1 1

EK = EM 1(R1a)1)2 + EM 2(R2w2)2 +...

1 N
—> EK :E|:ZMIR|2:|0)2
I =1

. v
4

1 :
E. _EI w° . Rotation
1 2 -
= :EMV : Linear
N 2
| => MR, . Po intwise
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(a)

D 5

(c) (d)
Shoulder D Ball
joint 4 _)"/ )
. L% ~ (
Forearm
/! N\
Upper arm Elbow joint

Z T. = Mdy; sin @ — Wedp sin @ — Wydy sin #

Because # 4 8" = /2 (=90°), a fixed quantity, we see that df /dr +d#'/dt =0

= (Mdy — Wrdr — Wadg) sin#,

and d20/dr? + d26' /dr* = 0, so

Shoulder
joint Motion
K/
Upper arm,
humerus —»
(fixed)
A 58 NS
Elbow joint —* /' \
Forearm X axis (fixed)

46



I = %mFL1 +mgl?,

Wede = (2 kg)(9.8 m/s7)(18 cm) = 353 N-cm
Wgrdg = (0.146 kg)(9.8 m,’sz}ﬁﬁ cm) = 51.5 N-cm,

ZT; = (1,620N-cm — 404 N-cm) sin# = (1,216 N-cm) sin #

d*e 27 (1,216N-cm)sin

TR B 1,053 kg-cm®
d2o(t
dri ) = —1 lii::,-‘s2 sin#(t)

(sin#) = 0.707 (= sin7/4 = sin 37 /4).

L ~02H ~ 36cm
mg ~ 2kg for a 90kg player.
Baseball mass of 0.146kg

- IN = 1 kg-m/s® = 100kg-cm/s?,

Bt =0)=37/4 dé(t=0)/dr=0
At = tipa) = /4 dé(t = thpa) /dt = 7,
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d2o , ; de
= —116/s%(sin @) = —81.7/s* = —av. ) 5 = o ta.

dr?
¢y 1s determined from the initial condition that d#(r = 0)/dt = 0, which gives ¢,
= () and

dg .

. > a=lerie

Because 0(t = 0) = 3w /4, we find ¢; = 37/4 and 0(1) = —at? /2 + 37 /4. At tgpa.
At = tipy) = ™/4, s0

1 3w
T'_J"I‘{I:_Emfﬁnm +T' — lfinal = {T-r,-"rﬂ]'l'ﬂ-

[di(r = rﬁ"ﬂl}fdrl = | — olfina| = {]'u.'{'l:}ll-"IE

di(t = by,
{ y nrul} — I "_GTFI:._

with arm angular speed |df(fg,,)/df| = /7a. For L = 36cm this is vg =
63.8(a)"/2, in units of cm/s with « in units of 1/s2. s

L’B=‘L
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Unloaded Tension Compression

"~ Slope is Young's (Y) or the
elastic (E) modulus

Fracture 7
or failure

Elastic regi'on Plastic region

Strain
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F
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Stress Lo
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(Sl Jsde b SSL J sk

F
Elastic Modulus: Y =& = A _ Fx¢
e Al AxA/L
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Sweat
evaporation

Radiation

|

Convection

\1\. Conduction

Sweat

gland Heat in
blood

Heat produced
in muscles

Od )3 A Osls s Bl gl G

Blood flow in arteries

37°C “37°C
38°C” 37°C
Blood flow __..--
nvelns 3300 Direction of
Venae .---- P heat flow
comitantes |
329C
24°C —
235C 7,

Room temperature Room temperature
of 10°C of 30°C
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3l Lo & 5l it 3 5 Al o JUES bt s 51 g0 Gk 51 Bikes L8 06 sl 20 LS Jast slaely 51 S il
ssa= Ody gl S b il e Gl jio S SVL sles sLils (g esle alins 4 ol pimie ndilie s xS (655 e S R0 s
5 bl ol S Ll Sl osle 3 ad iS50 5 sl dslias OIS 1 amt glo S 06 5 558 0 e JU (sliad Ol Sl eesle
Wit (55 ol S ¢ bl s 2SI sl Lasl ol Lol S8 = (Lags xSl 5 Lo ) Lledds |KE5 Hla,b lyd 5l ad 5 40

2hete/ N

dA,
explhec/MgT) — 1

A TYydA =

where € i1s a parameter known as the emissivity, /1 is Planck’s constant (6.626 x
10~ I-s), kg is Boltzmann’s constant (1.381 x 10~** J/JK), and T is the temperature
in degrees Kelvin (K) (T(K)=T(°C) 4 273%). ({(A, T') is actually the intensity per
unit wavelength range. I(A, T)dA is the intensity covering the wavelength range
from A to A + dA, where dA <« A. Intensity has units of energy/area-time. )

R = 5T Sl Sl izl 056 e Ll S 0L o L
where o is the Stefan—Boltzmann constant = 5.67 x 10~—® W/m2-K*

At skin temperature (34 °C), the thermal emission is 505 W/m? for £ = L.
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The correct temperature to use is that of the body skin (34 °C = 307K},
The energy loss per unit time due to thermal radiation from the body is

dQ AHHH'I'[ — -"q_-g in
_(E) =RA= E“ki“g?::tin’d‘skim k
loss
d A
_(d_?) — (1)(5.67 x 10~ W/m*-K*)(307K)*(1.85m?) = 932 W
loss

MJ‘ LJ:"’U (.}-:)v\.’ QJ.: ‘b..w}? oLl C_,&Li)J 65}:‘

dQ -
(E) — Eroom fT‘F"“rj-nm Aroom
gain

= (1)(5.67 x 107 W/m*-K*)(297K)*(1.85 m?) = 816 W,

J\ o) CJJL& QJ.: ‘b.sz ol u:uu LS}J"‘ ML?— U‘.’.\JJL’

_(E) _ _(@) _(@) — 932 W —816W = 116W,
dt net di loss dr gain
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Table 6.19 BMR (kcal/day) for different age groups

Age group (years) BMR (males) BMR (females)
Under 3 59.5my — 30 58.3my — 31
3-10 22.7my + 504 20.3my, + 486
10-18 17.7my, + 658 13.4myp + 693
18-30 15.1my, + 692 14.8my, + 487
30-60 11.5my + 873 8.1myp + 846
Over 60 11.7my + 588 9.1my + 658
my, is the body mass in kg.
Using data from [11], using [90]
Table 6.20 BMR (kcal/day) for adult men and women of different ages, assuming the BMI (or
Quételet’s index () is 22 for men and 21 for women and the relations in Table 6.19
Height {m) (also ft, in) | Mass (kg) (also Ib) Age (yr)
18-30 3060 Over 60
Men
1L.5(4°117) 49.5 (109) 1.440 1.450 1.150
1.6 (53") 56.5(124) 1.540 1.530 1.250
1.7(57") 63.5 (140) 1.650 1.620 1,350
1B (511" TS (157) 1.770 1.710 1.450
1.9 (6"3") T9.5(175) 1.900 1.800 1.560
2067 88.0(194) 2,030 1.900 1.670
Women
1.4 (4"7") 41.0 (90) 1,100 1.190 1.030
1.5(4'11") 47.0 (104) 1.190 1.240 1.090
1.6 (3°3") 54.0(119) 1.290 1.300 1.160
1.7(3"7") 61.0(134) 1.390 1.360 1,230
1B (511" 68.0 (150) 1.500 1.420 1.310
Using data from [11], from [33] 32
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How Vapor Pressure is Measured
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Hg
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Barometer & Manometer
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1 1
P1+§,‘)‘/12+nglzP2+E/)‘/22+PQY2

1he densities p;, = p, = p for this incompressible Hwd. (Bernoulli’s equation actu-
ally applies to any two points along a streamline.)

There are three special cases of Bernoulli flow. {1) For static fluids (1 = 0), and
Bernoulli equation’s reduces to P| + pgvy = P> + pgva. (2) It reduces to Torricelli’s
theorem when P, = P, namely ,-:ruf [24 pgv) = ,HH% /2 4+ pgva. (3) It reduces to the
Venturi flow regime when v, = y2 (Fig. 7.8), so

(1) Static Fluid : P,+p9y,=P,+p0y,
(2)Torricelli 's theorem : %,d/l2 + o0y, = %,d/f + p0Y,

(3)Venturi flow regime: P, +%,A/12 =P, +%p/22
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Py (total pressure) P> — Py

(static pressure)
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¢L§~@ﬁ S Sl YA (63 0 w5 b Ol 0 HLid Sl sl axsll [olil 5 bladl o S sl S S1idls
AP = pgh = (1060) x (9.8) x (1.8) =18.7 kPa (ol Vo0 JBar) § Sl jier Ol

9.3 kP ——,

13.1 kPa 13.3 kPa 13.2 kPa 13.3 kPa.

N
|\ 26.7 kPa
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20 cm =
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In(1): P,=P +pgh=102+(1010x9.8x0.2) =104 Kpa
In (2): P, =P,+ pgh =104+ (1010x9.8x1.5) =114.9 Kpa

sl g Sales TV 350 (g p5 SLAS Ll S 052 3 e oo L L 2o Gan e Sl p e e gLl STl

Pooq = 290 = (1040x9.8x1) =10190 pa =22 —76.7 mmHg

133_Fa
mmHg

P.=(76.7-3.7) =73mmHg

mmHg
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Glstal 515 53 Wb sty 0T 0L o 5o 45K s shls e b Caaglin shls 0L 8l 53l oS s 056

0k sl S 53 0 0L il

: : R*
Hagen — Poiseullie 's Law : |Q == (P, —P,)
8L
(p _P ): AP = 8L Q Moving plate Py - Py = AP = Ry, Q
1 2 4 &
7R s s " L
Vessel Resis tance = " - >
y ———= " y=
AP :is the pressure loss — i) Q —» /C) ;—» Q
n:is thedynamic viscosity _— P, ] P,
. : Fixed plat
L :is the length of pipe it o Ryow

R :is the diameter
Q :is thevolumetric flow rate
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Table 7.3 Coefficient of viscosity 17 of common materials. in Pa-s (1 poise = 0.1 Pa-s)

Material T (“C) n

Water 0 1.78 x 1073
20 1.00 x 10~
37 0.69 x 1073
50 0.55 x 10~
100 0.28 x 10~

Blood plasma 37 1.5 x 10~

Whole blood® 37 ~4.0 x 1073

Cerebrospinal fluid 20 1.02 x 107

Interstitial fluad 37 1.0-1.1 x 1073

Human tears 37 0.73-0.97 x 10~

Motor oi1l, SAE 10 20 0.065

Motor o1l, SAE 50 20 0.54

‘Machine oil, heavy 37 0.13

‘Machine oil, light 37 0.035

Ethylene glycol 37 0.011

‘Mercury. liquid 37 1.465 x 1073

‘Methanol 37 0.47 x 1073

Ketchup 20 50
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b wslfotevevesevivesresetevrsesres v AP ) ) R AP r
Area = 2nrdr V(r)=——R"~r")= 1-=5
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- Tube wall 3 go0 deloee ) ) 1) S b & JI &l b
Fluid —, 23500 dplme al gl s b Ol mle e o JISST L
enters \-T_‘ —
tubeat —_ 1 U IV . W Velocity
uniform —= - —e] T profile
nlet — [
velocity -‘""'-: Boundary layer edge

' Entrance region | Fully
developed
flow
¢ AP ¢ 7TAP 7P (R* R*) zR‘AP
Q:J.—(Rz—rz)x27zrdr=j—(rR2—r3)dr: ~ ==
) 4nL ) 2nL 2nL\ 2 4 8L
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(diffusion) 3 ;&

2 S b s b S5 L )3 5l (gl s saze B

.Msw'@sjbo%.g‘.b};d@dh?wyb
Sl el oole 358 5 (FICK) Ko J ol 056

(a) (b) (c) -

ax
J[:{] —p Q ) — Jl::': + dx;'

A }‘

n(x)

concentration
of particles
Flux of particles ’ ‘ on o
] B D 9, n(x,t) o x \&] B
= diff ” -
OX OX

diffusion coeffcient

Vo

Fick 's First Law of Diffusion

-D

o°n
OX *

%

2
-QD-:ID on

ot OX *

. J
Vo

Fick 's Second Law of Diffusion
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(n(x,t =0)=N (Total Number of Particles)

n(X:O,t):N )QMJ}J»J;GAL;)[{J‘)JR‘JJL&O
n(x —>o0,t)=0

N —X °
nx,t)~ exp
\/47Z-Ddifft (4Ddifftj

N

358 o dalee Ol 50 il S A s L

:V_"’Jb C)bb wﬁ@)fjb

0.5 1 | [ | |
o (0) = 1
0.4+ (5 ) = 52(0)+ 2D .. t o’ (0)=1 N
o ( )_(7 ( )+ Diff o (0)=Initial diffusion ~

& 0.3 2
= <:>n(x t)= N exp(—_X )
> e
€ 02F \ \/27zc72(t) 20°(t)

01

D.D_E‘ D t Dl Gl Oole s Jgb
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2 T dw D
n(rz\/x2+y2+zz,t)= N 3,exp(z th
(27{0‘2(t))E o (1)

‘)\ K:«wv\" CJ‘)L:.Q J:}“.. ‘)‘J‘}-QJ. K_a-:-v:’ ‘)\J.&;.A

n(x,t)= 2 exp(z_izt ):> | |
\/ 27TO' (t) O ( ) fmi source dj.s.;:aq:sed 'rrnca_; T\ -
dn(x,t) N [ —2X ) [ _y 2 ] S5 % : T
= — |exp > = A
dx |y, \/272'02(t) 20°(t) 20°(t)
dn(x,t)]  —2xN ( —x 2 j |
dx | o?t)y8roi(t) 20°(t) | \ /\

CONCENTRATION PROFILE
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T Ges 53 5 k3T Oloy s b3 Lo o (0) ey o 10w @is Ve 1 ey el 6l U g0 pand ¢ Cegy s e
()
_X2 1019 _(3)2
exp =n(Xx,t)~ exp —
JAmD gt 4D t J4x3.14%0.0001x 900 4x0.0001x 900
n(x,t)~1.31x10°

nx,t)~

()

2

1019 —X 2
exp = 10" = exp =
JA7D i t 4D i t V4x3.14x0.0001x 600 4x0.0001x 600

Initial depth of injection=2cm

X =1.5¢cm >X ot =1-9+2=3.5CM

nix,t)=




()

N —X ? on(x,t) N —2X —X ?
n(x,t)= exp = R X exp =
JA7D g t AD i 1 OX J47Dggt (4Dt 4D i L

on(x,t) —xN —X °
~ X EXP —
OX 2D i t \/477Ddiff L 4D g t
on(x =1cm,t =1800 sec) —1x10" XD ~1° _
ox 2x0.0001x1800x +/4x3.14 x 0.0001x 1800 4x0.0001x1800

on(x =1cm,t =1800 sec)
OX

~ 4.6x10%
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Pulmonary circulation
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R [ ] Depolarization
[} Repolarization

P T

Q
(@) Atrial depolan'zgtion, initiated by
the SA node, causes the P wave.

R
) l AV node ”
) ‘ P T
M
Q

s
(2) With atrial depolarization complete,
the impulse is delayed at the AV node.

R

_/P\- —&
Qg
(3) AV node depolarizes; Ventricular
depolarization begins at apex, causing

the QRS complex.
Atrial repolarization occurs.

[ ] Depolarization
R . Repolarization

> -

. Qs . - .
(@) Ventricular depolarization is
complete.
R
/I‘\_

Q
() Ventricular repoﬁan‘zation begins
at apex, causing the T wave.

R

Q

S
Ventricular repolarization is
complete.
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(T cos(8)-T cos(d) =ma, =0
T sin(0) + T ain(9) = ma, —™52Td=ma, -
] Al
- 2
2T %:yxMx\% ST=uV2 ()

F(x)=T Cos(9) =T dy. (G 32) S 30 S Lo 20 U155 il
2

Bpd r o9 K Ul5 huge ey =y sin(kx +wt) (3) sl ails 81 JL-

;
J- (x,t)dt _—y chosz(kx +wt)dt
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Tky 2w

=Tky ‘w L cos® (kx +Wt)dt] = (4)
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; (AP =[kpv 2y, |(sin(kx +wt))
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Mass density, sound speed. and acoustic impedance

s i ’S\ -’_-\‘_;‘\

FHagis I8 .

p{kgfm3}

Us (m/s)

Material Z (= pu;,}{kgfmz—s}
Air (20°C) 1.20 343 413

Water 1.00 x 10° 1.480 1.48 x 106

Fat 0.92 x 10° 1,450 1.33 x 106

Muscle 1.04 % 10° 1.580 1.64 x 10°

Bone 2.23 x 10° 3.500 7.80 x 106

Blood 1.03 x 10° 11,570 161 x 10°

Soft tissue (avg. ) 1.06 x 10° 1,540 1.63 x 10°

Lung 286 630 1.80 x 10°

K-g«"mzs % 10¢ m's s s
148 1480 T
17 6300 pame sl
37.3 4430 =
3.2 2730 S
997 5180 =
30.13 4650 s
62.6 3240 P
454 5740 347 TN
456 5890 1020:Y,
24 1920 s
416 4660 -
377 3600 =
50 5630 S~
0.0041 330 e
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Electromagnetic Spectrum
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Problem Red light of wavelength 632 nm in free
space is incident, at an angle of 8, = 39° with respect to the
normal, on a glass microscope slide of thickness d = (0.78 mm
and index of refraction n = 1.52 (Fig. 18). Find (a) the wave-
length in the glass and (b) the optical path length of the light in
traveling through the glass.

Solution (a) We can find the wavelength in the glass using

(b) The angle of refraction is found from Eq. 12,

_sin 6, _ sin 39°

sin @, = ) =0.414,
or
92 = 24.50,
and the actual length of the path through the glass is
ap=—2_ 0T8I _ 56 mm.

cos &, " cos 24.5°
The optical path is
L =n(AB)=1.52(0.856 mm) = 1.30 mm.
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Cos(B)=——>Cos(B)=——===
2 2
UV LIGHT METER
Measurement 2 ranges : Hi & Lo range
ranges & Lo range : 1999 uW/cm~2 x 1 uW/cm~2
resolution Hi range : 19990 uW/cm~2 x 10 uW/cm~2
* 1000 uW/em2 = 1 mW/ecm"2
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