
Z v i d e n t i s r y  .Ilnslysis of T r a f f i c  ,4ccicients 

Fiow f2r d i d  you t r s v e l  t o d a y ?  To mswr i n t e l l i p n t l v  
you n u s t  g ive  t h e  mit  along x i t h  t h e  n u g e r .  T51zt 
i s ,  a m.s:veT of 5 i s  nonsense while Z n  DJsver o f  5 

?ow long h w e  YOU been t r ~ e l i n g - 7  
someone xnders tmc!  y o x r  r e 2 l y  :-ox xv-~t give =1 l .i ' ,el 
o r  u i t  1,lo2$ :xith t i e  n m o e r .  

miles =earls sozetZing f o  t h e  q u e s t i o n e r .  
- 

4gF.i.n t o  ~ e k z  

4-n snst:,ter o f  3$ 
does r ro t  nalce sense .  
( o r  h o u r s  o r  a i 3 u t e s ,  e t c . )  

Rsther ,  you nee3  t o  s s y  3 2  d ; r p  



2. 

S t o p p e l  



one mst know one  ?srt o f  t h e  v e l o c i t i e s  ( d i r e c t i o n s )  
be fo re  he c z n  coa9ute the o t h e r  p a r t  ( t h e  rr2gnituffes). 

5 .  
for t n e  def ' in i%ion or" r c c e l e r l f i o n .  
up we ssy i t  i s  a c c e l e r s t i z g .  
q e e d s  up t hen  t h e  g r ez t e r  i s  t h e  m e e l e r a t i o n ,  Yherz 
t h e  13riTrer s t e p s  on t h e  Srake WE! ciescrige t h e  slowing 
d o m  o r  speed r e h c t i o n  2s  deceler22ion.  
or s c i e c t i f i c  d e f i n i t i o n  x r s e s  w i t h  t h e  ?Dove h t u i t i v e  

def ine4 33 f o l l o w s :  

~ c e e l e r ~ t i o n  - Peogle v,ho d r i v e  I, C Y T  h.r..,ve 2 f e e l  
"!hen the  c? r  s-oee?s 

Fu r themore ,  the  quicker i 

%e ?:iysiczl  

n o t i o n  o f  s cce l e r sT lon .  1 \ ?ec iZi i s s l ly ,  s c z e l e r s t i o n  i s  

t 



4. 

Thst i s ,  t h e  u n i t  for s c c e l e r s t i o n  i s  l e n q t h  3ivi!ie=i 3g 
t ime  s ~ u - z e d .  Agriin, t h i s  i s  a der ive4  Lqit 2n.l COED- 
r i s e d  o f  % s2ec i91  con5inc t ion  of tize 5..za13mze_rltr,l u n i t s  
o f  l e n g t h  %id t i c e .  If t h e  f i n d  ve loc i t J r  i s  less thxq 
t h e  i n i t i s l  v e l o c i t y  then t h e  a c c e l e r a t i o n  i s  n e g z t i v e .  
coxs ide r  m e  r o  

I #  

7 V , h l f J J /  2: 3 Q  4+ * e = 2  s c c  j - J  
S@ C 

J 

n i n e  n e g z t i v e  si%q i n d i c z t e s  t h z t  t h e  f i n d  v e l o c i t y  =us$ 
3s l ess  $fila the  i n i t i a l  v e l o c i t y .  
acceler2-cion i s  j u s t  s lowing d o ~ m  o r  d e c e l e r s t i o n ,  

There i s  9 t3ir-i z c c e l e r z t o r  ( b e s i l e s  t n e  
t h e  br$.ce\ i n  3 c u .  I t  i s  t h e  s t e e r i n 8  \wheel becluse  
i t  ~ _ l l o w s  o2e t o  c h ~ - x e  3 i r e c t i o n  o f  fhe v e l o c i t y .  
chLq5e i n  v e l o c i t y  1 s  r, r e s 1  s c c e l e r e t i o n  even if t i e  

Therefore ,  ne+$ive 

pedal qnd 

This  

sgeeii r e z % i m  s cons t2n t .  - r  LOU a2,y n ivehea rd  i t  r e f e r r e d  
a c c e l e r z t i o n .  '9e v ! i l 1  retur_n_ t o  i t  

every3qv  ex3serience t h e  use of f o r c e s  
ne spee-lr of forces i n  t;e,ns of pual?es o r  

f o r c i n g  8 s tuck  d o o r  o?en, o f  pushing 3. s t q l l e . 3  
- e x e r t i z g  9 fg rce  t o  Eove 8 hezvir o b j e c t  ( e . g . ,  9 

?ism3 \ .  T ~ m  o r  onx  exper ienze  ve know 7nEt 3 -  s o n e t i z e s  

These n o t i o n s  and e q e r i e n c e s  which 

forc2s ca.use noS;io3,  sorsti-es they r.re used t o  s lovr  some- 
~ , h i n g  i i o ~ m ,  ~ m d  sornetizes no n2tt;er how hzr? we push 
no motion results. 
we 211 hsve were fomul.qte4 i n  t h r e e  -phqsical 1 ~ ~ s  g y  
N e v t o n .  
c o n s q ~ r y t c e s  of forces in  verg s i x 7 l e  nz thexz t i c31  l z ~ s .  
T h e y h e 1  3s f o l l o w s  : 

L .  

C I A  I s s s c  w s  s 3 l e  t o  re2reserr-t d l  *he phys ic41  

1-3 object; i s  i n  '3. s t 2 t e  o f  uniform Tot ion 
i n  
it w i l l  r m a i n  thTt  wsy i rn less  i t  i s  ac ted  on by  
e x t e r n s l  force. 

ciz-i t  l i n e  (i.ea9 c o n s t a t  speed )  o r  '3.t r e s t  

.- if82-mt Yewton not iced is t h z t  i 2  o rde r  t o  ~ ~ u s e  ?n 
o b j e c t  t o  s?eed up o r  t o  c x s e  m. o S j e c t  t o  
s l o x  dor.r: I, f o r c e  h ~ s  t o  s e t ,  t h 3 t  i s ,  2 fo r ce  i s  r e-  
q u i r e d  t o  c n m g e  x~ o b j e c t ' s  s-pee.3. 



5. 

2 .  The ?-cceler? t ion of qr!. o j $ e c t  ( i . e . ,  i%s c h z w e  
i n  v e l o c i t y \  i s  g r o p o r t i o n d  t o  t he  n e t  force ???l ie5 
t o  t h e  o5jec-c. 

F -  

z c c e l e r a t i o n  i s  c s l l e d  m q s s .  



4 - 1 1  o b j e c t s  i f  allowed t o  f F . 1 1  i n  t h e  zbsence o f  sir 
( theref 'ore ,  no .tir f r i c t i o n  t o  q F o s e  t h e  fsll) w i l l  
f . q . 1 1  v:iS;h this s c c e l e r q t i o n .  Note t h l +  i f  you t o o k  y o m  
c s z  t o  t h e  noon it w o u l d  weigh l e s s  bec-..use t h e  $:-wit?- 
t i o n 2 1  Torte on t h e  1113011 i s  l e s s  th.,r on e 2 r t h  (F.e.,. 
t h e  z c c e l e r = - t i  n due t o  g r sv i ty  on t h e  moon i s  less 

sxne  i E  t h z t  i t  i s  eoz?osed o f  t h e  s m e  ztons  .in3 = o l e -  
c u l e s  4s 5eT"ore. T h ? . t  i s ,  t h e  ::reight i s  l e s s  j u t  t h e  ESSS 
is  *he s m e .  

th.m 32 *t /sec 9 ) b u t  t h e  c l r  s t i l l  i s  physicElly the 

- - 
%en though z n  o b j e c t  i s  n o t  f ' z l l i n g  f r e e l y  we s t i l l  

If t a e  o j j e c t  is  not f d b i n g  then  o t h e r  f o r c e s  ~ z e  
op3osing t 9 e  . g z w i t % t i o n s l  f o r c e ,  e. ? ' >  

CJ L l d f  $63 k l *  fi? 
3. i iYIewtonis 3rd  lsw stTtes thz t  f o r  every s c t i o n  

f o r c e  t h e r e  i s  r,n e2jual o r  opposite reslct ion f o r c e .  
Cons i5er  t h e  c o l l i s i o n  be tween  two c 3 r s .  C3.r $1 e x e r t s  
2 f o r c e  F, on car 22 m d  c w  3 2 e x e r t s  E force 
on citr 9. 

6 4 5  ---a 

ThL%t is the fo rces  m e  equal  i n  n s e - i t u d e  ( s sy  330 1'0s. 
e a c h )  b u t  d i r e c t e d  i n  e x a c t l y  oppos i te  d i r e c t i a m .  
r n s t h e n a t i c s l l y  V;G can designate d i r e c t i o n s  t o  t h e  
r i q h t  39 p o s i t i v e  ?ad t o  t h e  l e f t  3s 2eEEtive. Thus 

I ( , . t P O h )  F, =-Fr ( P e . 4 c A J d  

Yot i ce  thz+ 6 m d  Fz v e  or; Aif fe ren t  bodies ( h e r e ,  c3.r 
$2 - a d  c c  dl, r e s p e c t i v e l y \ .  
a t i o n  o f  t he  g r i n c i p l e  of' conservltion of  mo7ent .a  which 

This  13w 9 l l o r r s  t h e  3 e r i v -  



7 .  

3. v e r y  s p e c i 2 l  f o r c e  ?:ri?ici zust be co2sidere3 in 2cciilent 
m i z l y s i s  i s  the f r i c t i o n d  f o r c e  (I?) Sety.veen the  r o 2 d  
s u s f s c e  a d  s k i d d i z g  ruoaer  t i r e s .  
Selov? 

Cons i ie r  the  fi-gure 



8. 

f o r c e  i s  negat ive  

Y'Teqa.tive n9rl.r d w y s  regresents t h e  3 i s e i u c t i o r  o f  
m o t i o n d  ~ X T Z V .  12 t h i s  cqse t h e  cqr s l o ~ s  .lo:!m. 

e .  F r i c t i D n . t l  3'orce - In :,.m,emer.pncy- s i t ua t i on -wh ich  
cs l l s  for 9 d r i v e r  t o  s t 0 9  his automoj i le  qu ick ly ,  one 
i n s t i n c t i v e l y  yushes 3s hard m;13. 3s f s a t  ?IS possible on 
t n e  orzke pe32sl- The t p i c . t l  r e s u l t  i s  -kit t i e  czr  
w i l l  begin to sk id  becwse  t h e  w??eels a r e  l ocked .  The 
d r i v e r  i s  t he re fo re  a s k i n g  use  o f  f r i c t i o n d  f o r c e s  
Setmeen t-12 r o 4  surface qn3 :_hie f'ou Ibcked t i r e s  t o  
s l o w  301m $:?e cz r .  

I ., 
*/ 

f i : L G / w  5 /Lc 
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e . t s ie r  t o  push 2 W on ?n i c y  r o z 3  th?n t o  push 3- l a r g e  
3u ick .  Therefore ,  t 3 , e  l . r a e r  the  \?eight  t i e  l z r z e r  t 3 e  
f r i c t i o n 2 1  f o r c e .  The forlulz ve use i s  

f = / w  
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c /  

The work done jy { o r  qgq ins t )  the  f r i c t i o n 2 1  force f i tz ing  
skid i s  given 3g: 

Y - yr" - L , / *  
t d .  6 j 3L r' / d  v -- QJ. 4, = - 

f. >Cinetic 3nsrq:r - 7:hen I, c9.r ( o r  mything < o r  t>?t nstter 
i s  r n  nor; ion,  vie know t h l t  i t  h%s t h e  ooterr$ii.rl t o  50 
work. ?or e x m o l e ,  i f  3, xoving c?r  hits and sheqrs  
t h e  t runk 05 t h e  t r e e ,  y ( e  know t h z t  3 f o r c e  ( exe r t e6  3y 
t h e  cqr )  ?zted tlzrough 2 3ist .znce t o  si-ielr o f f  31e t r e e .  
S ince  9 f o r c e  5cteii tzvouql? r_ 3is"i;nee, work w s  i oze  2nd 
we can r e 2 r e s e 2 t  i t  2s  In/ = F: x 4 
i o u s l y  !iiscussed. 
how work c m  be Fmf'omed 3Y c o v i r ~ g  v e h i c l e s .  

J - 1 d ,  
L- 

'zs ~e h..ve prev- 
'.';$ t5erei"ore h'zve ZTL i n t x i t i v e  f e e l  f o r  

? o r  ex- 
more dmsge i n  c o l l i g i o n s  ( thereTore n o r e  

e h i c l e s  t r z v e l i x g  at h i g h e r  speeds. 
syeed i n c r e 2 s e s  t h e  p o t e n k i s l  for d g a z g e  
.y i c c r e s s e s .  
e p o t e n t i a l  m 3  t h e r e f o r e  t h e  work done 
xore  s c i e n t i f i c ~ i l y )  t h e  msss o f  the 
y o w s e l f  PS the ov7ner o f  a car stslled 

i n  an i n t e r s e c t i o n .  
done t o , y o u r  beloved cz r  if  i t  viere hit st 2'3 q h  5g I, 

Tiwthemore ,  if y o u r  cqr zust 
s e t  h i t  you would preZer a a i c y e l e  st 20 n g h  t o  $he FiTt. 
Therefore  2s  t h e  qumt l ty  o f  a . z t t e r  h i t t i n g  you=. CZY i s  
reduced EO i , p  t h e  dm.rge, 

be iione 
b:i 7, rzovinz vehic le  ( 0 2  l e v e l  cur f ' qces )  i s  c3l .1~~5 i t s  
R i z e t i c  3nersy.  Since the goter_$f?l f o r  5t.i?r?ge =.ni? ~ o r k  
, i n c r e s s e s  2s -the scee: !  5 3 3  i ~ 2 . s ~  (mweigh$;) '+:'e exgzc t  t h e  

b y  t h e  ex? ress ion  

$. inother  f? .c tor  v:b.icb in- 

You woul-3 exrJect more d7zczige t o  5s 

ka by 3, ?is$. 

m- ;-?e s c i e l l t i f i e  cieqswe of n o s  E U C ~  work 
-- 

- 

J K i x 9 t i c  3 e r g y  t o  fiepellci on b o - h .  It d o e s  ?x3 i s  g iven  



If YOU hzve 3100 t o  spend vou c m  r e c o r d  how eTTery 
penmey i s  q e n t .  I n  subsequent t r m s i c t i o n s  every 
p o r t i o n  o f  t h e  i n i t i d  $100 c a n  be fol lowed 9s the  
money chmges  hnilcis s e v e r a l  t i n e s ,  The zioney i s  neve r  
des t royed ,  it i s  only t raded  frox one person t o  t he  
n e x t .  merg  i s  excbagect o r  r a t h e r  chmges  forn i n  a 
siailzr m n n e r .  Consider a c ~ r  t + s v e l i n g  z t  a s?eecI 
of 30 mi l e s / i ow .  
f o r n u l a  we rcust f i r s t  conver t  niles/hour to f ee t / s ec  
ES f o l l o w s :  

To be u s e f u l  i n  t n e  Kine t ic  %ergy  

QV" 

There pare 90,750 f t - l b s  of energy a v a i l a b l e  prior t o  
t h e  s k i d .  If t h e  c w  s k i d s  t o  z s t o g  211 90,750 ft.1Ss 
~ x e  used t o  do work: agr, inst  f r i c t i o n .  

',Vork i s  def ined 2s work = f o r c e  x d i s t a c e .  I f  w;! 
c o n s i d e r  3 t o  'be the  fo rce  o f  friction we know that 
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,L z h V a  =/LA w X L  

if f i  \h',* m d  d a r e  known then  only 
u.&nown i n  t h e  erluation i s  V ,md i t  cam ke conTute5. 
2 h i s  is e x a c t l y  t h e  s i t u a t i o n  encountered & -, .-2.,y 
a c c i d e n t s  involving s k i d s  e One n u s t  recze*?, :iovrc7Ter, 
thzt  the ajove f o r n u l a  only c q p l i e s  if 
t o  z sto?,, 
t h e n  one must account for t h e  energy tirhichk not ise3 
t o  do work a g s i n s t  t h e  f r i c t i o n a l  f o r c e .  
c u s s  this s i t u a t i o n  l a t e r  on. 

If it does n o t  s k i 3  to 8 e o r o p & ~  8tOU 

& 

h, filoaentm - A s  with tne  o t % r  physics1 *zties W h . C Z  
we hzve def ined ,  1be a l so  h m e  a, n o t i o n  zs 
t i f i c  meaiing o f  rnonemtmm. Xonen3xn i s  to 
energy i n  t h a t  we z s s o c i s t e  a o r e  rtloraentm- 4n 
9 s  i t  t r w e l s  f q s t e r ,  
entum vhen a o r e  m3. more -peogle, th ings  O r m c i e s  
 re involved;  l i k e  a wzve i n  which t h e  :io- builds 
up., t h e  tt~ornentun't tu rns  i n  3 b s s k e t b . 1 1  
i c s L  c?cngTign. 3ui183is! up "noneg tm" .  The 
t i o n  o f  n o n e n t m  i s  jus t  %he product  of t*- of Zl 
o b j e c t  yiith i t s  v e l o c i t y  

ys scien- 

O ~ S O  we spesk o f  i%-~E- i7 moa- ject 

J' 
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Theref ore : 
U 

W L I  4t L/ 
j L 3 0 * C d U % 3 :  A- 

?:onerr-b..m i s  a s-pecis l  physical q u x n t i t y  2- in t h q t  i t  i s  
9 c u w t i t y  which dw?,ys h.r,s 
i t .  
e . g . ,  sou t jwec t ,  becones 2 vec to r  v e l o c i t y .  I n  o r 5 e r  
t o  use  n o n e n b a  e f f e c t i v e l g  i n  con9u t s t i on  one T u s t  
k g o v  t h e  c i i rect ion of t h e  noEerrtm with resTec t  t o  sone 
r e f e r e n c e  d i r e c t i o n ,  e . g . ,  t he  e i a e  o f  I r o a d .  I n  c w  
c o l l i s i o n s  ws r a r e l y  h ive  f o  worry, about  ch.in,-es i n  
m 8 s s  so  t3.e r l i rec t ion  of 2 v e h i c l e s  v e l o c i t y  is a l s o  

i s  c d l e d  l ine.= xomenvm.  
3irecl;Fon o f  t i e  l i n e =  r a o m n w  Yf3ic.h i s  in~ortazt; here  
i s  the d i r e c t i o n  t b e  center oI' g r e v i t y  t r q T 2 I . s .  If 2 
c9.r s2,ins 3 n i n g  R. skid, the s-pin will h.?vz c o  e f 5 e c t  
on  t h e  d i r e c t i o n  of t h e  s t r2igh-k l i n e  s k i d  a 3  therefore 
no e f f e c t  on the  l i x e z r  zo=ezh.m d i r e c t i o n  of t h s  ski3:A- 
i a g  v e h i c l e .  
locked  during t h e  sp inn izg  s k i d .  

i s  used in  t h e  a n a l y s i s  o f  m t o  
p r i n c i p l e  os" ' Iconservst ion o f  n o n e r m .  I t  

connec t s  t h e  s?eecis 
2 c o l l i s i o n  with t h e i r  coun te rpz r t s  Sel'ore 2 c o l l i s i o n ,  
'Ye w i l l  consL3er t h i s  p r i n c i 2 l e  nex t .  

2irection associ2tecl wi th  
? o r  e x . o q l e ,  r, speed of 5 9 2 ~ h  when given ?L d i r e c t i o n ,  

._I 

L' d i r e c t i o n  of i t s  no-nen'cu.m. .?his p . , r t i cu l a r  mor,eztm 
If 3 vehicle s ~ h s  then  t i e  

This ass 'ass  t h s t  911 f o w  r:heels ~ z e  

The.. single nost import%qt plzysicr,l P r i n c i p l e  which 
c o l i i s i o n s  i s  the 

:!his 3 , r i nc ip l e  
( v e i o c i t i e a )  o f  t h e  v e h i c l e s  I- -=.a- ber 

i. C o n s e m s t i o n  of  4-onentm - The ? r i n c i o l e  o f  coxszr-  
v z t i o n  02' wzefitm s t 5 t e s  - tL?t  t h e  t o t 2 1  l l n e w  z o ; z l e ~ k ~  
o f  t w o  v e h i c l e s  y f t e r  z c o l L i s i o n  is the S ~ R Z  1s it :79s 
be fo re  t h  collision. F o r  c o l l i s i o n s  i n  which fne  hi- 
t l _ s l n d  f i n s 1  v e l o c i t i e s  oI" t he  two uelqieies ? r e  n Q t  
along t he  spme s t r a i g h t  l i n e  0x2 I s  r equ i r e l .  t o  do 
v e c t o r  x l d i t i o l z .  
cozp l i cT ted  3 1 4  v:e w i l l  s Tve - x o - d i m e n s i o n ~ l  c : , I l i r ions  
f o r  l q t e r .  

V w t o r  si!.-li%ion is nore t e d i o u s  t'r.,?n 



Te'nicle A ( weight 3300 10s) hits vehicle 3 (w:cligh2$; 
4-3133 15s). 
n o t  rz;oviig in the  ezst-west J i r e c t i o n .  
2-t s9eed % 
skid 29ft. t o  e sto-g. 

3 hzs j u s t  p u l l e d  out o f  3 drivevzy znct i s  
A h i t s  3 going 

and  tken b o t h  4 2nd 3 s t i c k  toge ther  an3 



!!!e c I_E now g u t  t h i s  v2lue  o f  Va f t e r  i n t o  t h e  conser- 
v z t i o n  of nomeDtxx equq-tion t o  f i n d  t n e  F?e23 05 4 
t h e  i n s t m t  before t i e  c o l l i s i o n  

The re fo re ,  de2mding  on t n e  speed l i m i t ,  v i s i b i l i t y ,  
o o s t r c l e s  (hill c r e s t ,  etc.)  one n.zg Se z*aLe t o  s?g 
i~~-;vhethe:: o r  n o t  t h e  d r i v e r  o f  veh ic l e  3, w % s  o r  w s  n o t  
exceeding ';,;.,e sp2e3. l i z i t .  ?Totice t h a t  :\ 's s.see3 before  
t h e  c o l l i s i o n  was m r e  tk?n twice i t s  speed z f i ; ~ r  c o l l -  
i s i o n  mil thst without t h e  use o f  t he  -prirLci;sle o f  con- 
5 e r v s t i m  o f  z!oiaent.m t h e r e  viould be no ho;e of even 
e s t i a s t i i q  i t .  

-r . 11s second l? ,w  i s  

I f  we cui; i n  t n e  , 3 e f i n i t i o n  02 . ?cce le rz t ion  !ire g e t  
A?/ F =  m- i? 

111' .:ae_rl we m~Li ; i ? ly  b o t h  s i d e s  of t h i s  equs t ion  S y  the 
t i z e  t i t  becones 



16. 

2 e c a l l  t b t  
;.:ow the  i q m l s e  eguntion becones: 

= V-Frna, - V L l z l t I l l  

L e t ' s  cons ider  t n e  n o n e n t w  chmge of t v o  cZrs due 
t o  ELZI i a p u l s i v e  f o r c e  a c t i n g  on ezch f o r  a given lenqt 'n 
o f  t i n e .  

rJ%r $2 

If t h e  c w s  c o l l i d e  then Newton's t h i r d  1s;v szys tha t  

(Act ion  f o x e  of 2 on.1.) Fa = - F2 ( i iezct ion f o r c e  o f  1 on 2 )  

I n  addition t h e  t h e  dur ing  which e w h  cz r  act;.? on t h e  
o t h e r  ( z ~ d  the re fo re  t h e  t i a e  o f  s c t i o n  f o r  each f o r c e )  
i s  t h e  s m e .  
two c a r s  3are i n  c o z t w t .  

I t  i s  j u s t  t h e  t i a e  interv.tl during 5.:hich t h e  

SO f ,  = t, = p 
m d  

?low re9Lacing the inpu l ses  by t h e  resGective changes 
i n   omenta we ge+: 

- T o t a l  ?:Tonentun Af ter  - T o t a l  Yozlentm Sefore  
t h e  C o l l i s i o n  t h e  C o l l i s i o n  

i 
Tnus, we see  tha t  mozentun i s  conserved i n  every co l l l i s ion .  



i. 
w e l l  know- h a ;  if ope d r i v e s  qr? sutomooile D x o u d  i3. 
curve st 3 speed vihich i s  ve ry  high. t n e  c? r  w i l l  Zot 
h o l d  t h e  r o d  m d  yovl feel 2s though you WE? skidiinp 
outwsrd. -4np or>ject  ( i n c l u d i n g  a e m )  vhich cn.mges 
t n e  d i r e c t i o n  o f  i t s  v e l o c i t y  i s  s c c e l e r z t e d .  ;.s a 
r e m l t ,  ~y Neivtonls second lsn ( ?=me) a f o r c e  i s  
needed t o  czuse t h t  3 c c e l e r l t i o n .  Consider s b i l l  
on 3 s t r i n g .  
be  s c z e l e r a t e ?  t he  zcce l e r zc ing  f o r c e  i s  t h e  tensioln . 
i n  t h e  string. 
cinmpe the d i r e c t i o n  o f  i t s  v e l o c i t y  snct i t  w i l l  fly off  
2 s  sho:vn Selow. 

C e n t r i f u s d  Force ?.n3 Sci33i11g on z St;L-ve - It i s  

I? you s ~ i n e :  t h e  b s l l  in z c i r c l e  i t  w i l l  

I f  you cut; t he  s t ; r ing t h e  04.1 r e f u s e s  t o  

* -  
8 % 

# 
\ f 

u 1 f 
I t f 
a I 3 

f l  

cuirve t n e  f o r c e  ~:rhich no l - l s  t h e  cq r  
on t h e  CUTW z~ld allows i t  t o  chsnge t h e  d i r e c t i o n  o f  its 
v e l o c i t y  i s  t h e  f r i c t i o n 2 1  f o r c e  Detween $he edses o f  the 
t i r e s  xnd t h e  r o s d  su r f zce .  



1 8 .  

There fore  t h e  cen t i fugT l  f o r c e  i s  just t h i s  s c c e l e r z t i o n  
t i x e s  t h e  ESSS. 

v z  F =  b / ~ \  -., 
R 

n- Ine zsxi ixz f o r c e  t h s t  f r i c t i o n  cza e x e r t  on the  c? r  t o  
!sees it on t h e  curved path. i s  jus t  t h e  s z z e  2s  t h e  f r i c t -  
iona l  f o r c e  which we used i n  t h e  ina lys is  o f  s t r a i g h t  
l i n e  s k i d s .  Only here  tine f r i c t i o a a l  f o r c e  i s  s c t i n g  
i n  2 d i f r ' e r eg t  5irec'; ion. I t  i s :  

2 
''hV i s  g r e z t e r  t f i m ~ m  t h e  f r i e t i o x l  f o r c e s  

i s  a r e s u l t ,  when 
R ?-re n o t  s t r o n g  exougk t o  ckazage t h e  c a r ' s  d i r e c t i o n  Sad 

keep it t r e v e l i n s  on t h e  curve3 pc th .  

t h e n  f o r  2 given R s ~ d  /c9 we czn co-+-wt;e t he  m x i m m  
s2eefi which the  c2r cay hzve ,ad h o l d  i t s  curved p?.t'n. 
Looked et s o t h e r  P'EY t h i s  sTeed i s  zlso t n e  E in i rnu  
speed  which w i l l  c w s e  t he  v e h i c l e  t o  s l i 6 a o u t  o f  its 
i n i t i s l l y  cxrved. p s th .  For exmple :  

V ' ; / M . f R  

So i Z  t h e  c a r  exceeds 60.78 n i / k  09 t h i s  clxrve i t  will 
R o t  h o l d  the  curve z a d  i t  w i l l  go oI"f t h e  r o s d  follo.iving 
~;-",e p a t h  shown 3 e l o w .  . -  

-- 0. 5 

http://V';/M.fR
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I. 

7 

Evidentiary Analysis of Traffic Accidents 

Introduction 

a) Assumptions, Objectives, and Linitations 
of Accident Reconstruction 

b) The Scientific Piethod as applied to Traffic 
Accident Reconstruction 

c) 5una.a Factors 

II:< Principles 

a) Ehysical Terms and Definitions 

b) The Laws of rgiotion 

c) The Laws of Conservation of Momentun and 
Energy 

d) Heview of Simple Algebra 

IIi, $topping and Skidding 

a) Skidmarks 

b) Frictional Force and ~roric 

c) Coefficient of Trictiou--deficition and 
values for different surfaces 

d) Speed Computations from Skidmarks 

iv. Collisions 

a) Line or" Ingact 2nd Eoint of Impact 

b) h e .  Dimensional Collision Analysis 

c) Two Dimensional Collision Analysis 

d) Frob lens  Involved in &timating Speeds 
from Auto Darnzge 

1 



23. 

V, Time and Position--their special 
traffic zccident reconstruction 

VI, Reconstruction of Actual Traffic 
Police Reports 2nd Testimony 

Each example w i l l  be viewed with 
attention to: 

c) 

Testimony 

importance in 

Accidents f r o m  

special 

The accident data 
Required assumptions 
2econstruction results 



"Traffic Accident Investigation Manual" 
by J. Stannard Baker (The Traffic 
Institute, Northwestern University) 1975 

"Highway Collision AnaIysis" by J. C. Collins 
and J -  L. Morris; 
(Springfield, Ill., 1967) 

Charles C .  Thomas Publishing 

"Estimating Stopping Distance and Time for Motor Vehicles" 
by J. Stannard Baker 
University) 1977 

(The Traffic Institute, Northwestern 

"Forensic Physics" by David L. Uhrich 
(Kent State Printing Service, 1 9 7 6 )  
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David L. L-nrich 

Materials whicn are u s e f u l  in Accident Reconstruction 

1. The Police Report, 

2, Pictures of the Accident Scene. 

3 -  Pictures of' the Accident Vehicles. 

Copies o f  Statements or Depositions made by the 
participants and witnesses of the ;uccider,t. 

A copy of the Engineering Drawing of the road 
or Intersection where the accident occurred. 

~kas Weights of the vehicles invo lved  in t h e  
accident or of coxparabbe vehicles of the s a w  
make, model and year,, 

5. 

6 ,  
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PAYMENT A N D  SHIPPING 
Prepaid orders arc shipped the cheapest way at the ex- 
pense of The Traffic Institute. A purchase order must 
accompany each order that is not prepaid, and charges 
for sh ipp ing  and special handling, i f  requested, will be 
billed to the customer. Orders cannot be shipped COD 
or UPS. Ail orders under $lO.OOshould be prepaid, Make 
checks payable in US. funds to The Trafflc Institute, 
Northwestern University. Terms: net 30 days. Delivery: 
30 days after receipt of order, 

QUANTITY DISCOUNTS 
A 20% discount wili be given on orders for 25 or more 
:opes of any single textbook, training-reference man- 
Jal, or research report for one shlpment to one address. 
Wces of all other materials apply as  shown. 

r R A D E  DISCOUNTS 
'wenty percent trade dlscounts are offered to author- 
zed resale agencies on textbooks, research reports, 
md training-referencc manuals only. Orders must  in- 
lude the statement "Items for resale" and sales tax 
jentification code. Contact the Book Department for 
"urn policy. 

1, or Payment enclosed (amount $ 

Send invoice to: 

name 

ngoncy 

mailing address 

slate ZIP city 

Shlp to: 

namo 

'RICES EFFECTIVE JUNE 2, 1980 
he prices listed In this  Publlcations Catalog supersede 
I I  prices issued previously by The Traffic Institute and 
ray be chan~ed  without notice. Customers should con- 
rm prices before ordering. 

nooncy 

mailing addross 

slato Z I P  clty 

E N D  ORDERS AND INQUIRIES TO: 
Book Department 
The Traffic Institute, Northwestern Unlverslty 
P.O. Box 1409, Evanston, Illinois 60204 
Telephone 312l492.5053 

Mall to: Book Dopnrtrnent 
Tho Traffic Instltute 
Worthwastorn Unlverslty 
P.O. Box 1409 
Evanston, llllnols 60204 i, 

'1 

! I THE TRAFFIC INSTIT 
8 

NORTHWESTERN UNIVFF i 
I 
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LEGAL ASPECTS O F  SPEED MEASUREMENT DEVtCES 
by Edward C. Fisher 

Comprehensive coverage of appellate court decisions on devices com- 
monly used to record the speed of vehicles for enforcement purposes. 
Admissibility of this  typo of scientlflc evldence, judicial notlca of the sclen- 
tiflc theory behind speed-check Instruments, use of tunlng forks to test the 
accuracy of radar, constitutional aspects, arrest law in speed-check cases, 
and suggested list of questions for use in the courtroom to qualify a radar 
operator, I 

1967 0 70 pages paporback e $3.50 
(1981 revision-prica to ba announced) 

TRAFFIC ACCIDENT INVESTIGATION MANUAL 
by 3. Stannard Baker 

The 1975 edition was broadened due to extensive use by persons other than 
pollce Investigators. However, the revised manual, like its predecessors, is 
intended primarily to gulde pollce traffic-accldent lnvestlgators In their 
work and to assist in thelr training. The manual emphasizes informatlon 
gathering and recordlng and glvcs detalled instructions In observing the 
results of an accident and conditions existing at the time and placo of Its 
occurrence. lntroductory materlal has been expanded to be more useful to 
administrators and supervisors In developing traffic-accident investlgatlon 
programs. Material relating to traffic-accident reconstruction and cause 
analysis has bcen enlarged and rearranged. Approximately 400 lllustratlons 
(photographs, drawings, tables, and charts) are Included. 

1975 34Gpngashnrdbound 81/2x11 e $25.00 

VEHlCLE TRAFFIC LAW 
by Edward C. Fisher and Robert H. Reeder 

The flrst flvo chaptors cover tho background, dovolopment, purpose and 
nccesslty for trafflc laws. The remalnlng 15 chapters are complete troat- 
ment of t h e  legal and constitutlonal aspects of traffic laws, enforcement 
prosecutfon, penallzatlon, and punlshmont of trafflc offenses. An author- 

, ltatlve guide for poilce, prosecutors, defense attorneys, fudges, 
leglslators-anyone called upon to Interpret, enforce or ~ d ] u ~ l c a ~ e  traffic 
laws. 

0 e $22.50 1974 360 pagss hardbound avz x i i  
(1901 supplomont-prlco to bo nnnouncod) 

3 

These series of manuals /or training and reference explore Important law 
enlorcement Issues. Many are deslgned primarily ior inservice training pro- 
grams for law enforcement officers. The manuals are also reierences on 
current operational practices and procedures in traffic and hlghway safety. 
Lawyers, judges, prosecutors, driver flcense administfa tors, public ~ n ~ o r m a -  
tlon officers and safety groups, as well as law enforcement officers, wil l  
f ind these series of manuals valunble. All manuals are 8% x 11 inches and 
art? punched for three-ring binders. 

_ _  
ADVANCED ACCIDENT INVESTIGATION SERIES 

CHARTS AND TABLES FOR STOPPING DISTANCES OF MOTOR VEHICLES 

Twelve charts and tables, wlth background Information and instructions, 
for estlmatlng skldmarks and stopping distances for automobiles and threo 
slzes of trucks. Based on a report prepared by the traffic committee of the 
International Association of Chiefs of Police and published In the Police 
Yearbook. 
P N 2 2  0 20 pn(jos 0 $2.50 

ESTIMATING STOPPING DISTANCE AND TIME FOR h10TOR VEHICLES 

By J. Stannard Baker. Englnecrs, law enforcement officers, attorneys, 
educators, and students recelvo detailed explanations for estimating speed 
from skldmarks and calculating posslbie stopping distances under varlous 
circumstances. A wlde range df variables which Influence rate of vehicle 
slowing are discussed and Illustrated, Including drag factors, Interrupted 
siowlng, irregular braklng, Irregular skidmarks, tho motorcycle problem, 
and brake performance requirements. This manual supplements the discus- 
slon of estimating vehlcle speeds from braking skldmarks contalned In the 
Traffic Accident lnvesflgafion Manual. The latter emphaslzes collectlon of 
facts on which Interpretations can be used.,The former conslders lmpllca- 
tions of whatever facts are available. Tables and charts are presented in 
both US, and metric units. An extensive appendix is devoted to derivation 
of equatlons used in the narratlve. 60 exhlbits. 

PNH4 78 paaos * $0.50 
(1900 rovlslon-prlco to bo announced) 
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ROAD SURFACE 

I 1 PORTLAia CEMENT 
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Exhibit 1-1 
EVENTS DURING EMERGENCY BSAKING 

L 
"2 STEPS IN EXA!dPLE: AVO ID I Ea; u TlGE AH0 

GOV I hG OBJECT By D l  STAKE 
SOFPJS VEHICLE INTEWALS 

EVASIVE ACTICS 
TO AVOID i!Uh,Q 

.c;>. U U 
. Obstructing abject 
ion  bec-s visible. 

Driver sees object 
which endancsrs him. * Ferception 7 

Recognizes 09'ject ils 
on eo1 J ision csurse. 

Cecidas to sJcv down. 

&-. ..+rc~ i s  u n l ' r r s h y j .  
Point O f  CCX?fJr*ht9CfG~ 

P.c: ion is deternin+j.. 
Kovarr?.nt tcr c rn t r o l  begins. 

. Total stopping 

Rccction 

Ilovsant :s , Starts 10 m v s  fwt. 

Foo t  reaches brake; 
star?s to push down. 

2rske drao begins to 
becalerata vehicle. 

Brakes stop uheeis. 
Skidding begins. 

Vehicle stops or 

Vehicle stopping 

eraki ng Vaz i.ma e f f or? reached. 
Jrcolest respmse to ccntrol 

Response tcrninates; hazard 
E n C G U C t e r C d  or  nvail,-d. has collision. 

r- - - a  

continuation 

.. 
1 

-... .- 

i 

.. 



To cnange -the d i r e c t i o n  o f  motion a r’orce must be exe r t ed  
perpendicular  t o  t h e  l i n e  o f  motion. 

Since t h e  f o r c e  i s  perpendicular  t c  the d i r e c t i o n  o f  v 
it  can n e i t h e r  s l o x  nor  i nc rease  the  speed. 

Force along v e l o c i t y  i nc reases  

Veloc i ty  
the s2eed. 
( g a s  peda l )  

2orcs (e.g., f r i c t i o n )  

_ _  ivelocity 

e to V ch arig e s the d r i r e c t i c  of v only. 





i-age 3 

Force needeG to keep  object (car) moving i n  a curved 
path is ;'3 direction of m o t i o n  and 

F o r  car on 2 r o a u  the force is friction of the r o a d  surface 
acting on tY-5 rubber tires. 

Haximum I- r f c r  which car will not slide out of the curve is 

a 8 

b 
d 

m e 



6 1  ; n i / h r ,  c a r  will n o t  be ab le  to hold -the curve. 

i !o te  tha t  i f  when you. r e a l i z e  you a r e  not  holding the curve,  
you t u r n  t h e  wheel sharper--you make li snaller!! 

/ 
Say cr,r curve i s  250 ft 

v =  (os-> (351.1 ( 2 5 0 )  

v = 6 3  . 2  ft/s, t 

y z =  4 0 6 0  

V =  k 3 . 2 (  L o  /?e) = 4 3  
Xaximum s p e d  f o r  which one v ; i l l  ba able t o  negociate  t h e  
curve s a f e l y  i s  reduced f r o m  

61 tc 43 m i / n r .  







c a  c 4  
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T = -  
4' c 
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hndarnenta l  Q u a n t i t i e s  

Derived q u a n t i t i e s  

J. . 
2. 
3 .  

: 
-7. 

5. 

6. 

v e l o c i t y  (ft/sec, rni /hr)  v = d/t 
(recall 
i x c e l e r a t i o n  ( f - t / s ec* )  a = v / t  
E o r c e  ( l b s )  F = ma 

88 f t / s e c  = GO mi/hr)  

e.g . ,  1. weight w = mg 

2. friction f = p m g  

on 2, hor i zon ta l  su r€ace  2x115 all 
t h e  we?.;ht i s  use fu l  i n  slowing 
a v e h i c l e  

on a h i l l  f = 
SiuphiL1 

, , z r k  = Eorce  x d i s t ance  (ft r 1'0s) z -2 



Page 2 

v 2 = 2 ( . 7 ) ( 3 2 . 2 ) ( 5 0 )  

v2 = 2254 

v = J-EZ = 47.5 f t f s e c  
v = 47.5(=) 6c! = 32.4 mi/hr 

If t he  vehicle weighed 3000 lbs, then how much 
K.E- d id  it have? 

y,z = -3miJ2 

i;hat happens i f  the  car does not s k i d  to a s top?  

Then K2 - - \‘j I- 313 beginning work in s k i d  end of skid 

2 2 
Ir 0 ?-f - = , ~ t g d  I- - 2 2 

2 2 
f 

V o 2  = 2 ( . 7 ) ( 3 2 . 2 ) ( 5 0 )  I- (22)2 

7 T  V = 2254  i 484 

Vo = 2pgd + V 

0 



2 o t i c e  1'5 mi/hr et the end 02 th? 50 i't s k i d  

oi: t 'hz skid.. 3 i3 

adds oilly 3. -7 j rci/hr to the speed at t h e  berinninT--^ 

and t h e  skid is to a stop 

60 
= 33.6( - )  88 = 22.9 mi/hr  

So if o n l y  % 02 the weight is useful in s lowing 
the c a r ,  tne s2eed at the start of the 50 ft skid. 
is reduced frcm 72.4 to 22.9 n i / h r .  
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