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Physics for the Life Sciences — Electricity Solutions

Introduction:
Dear student,
Thank you for opening this solution manual for the Electricity chapter of the Physics for the Life Sciences

Question Manual. This resource has been created by members of the Education Team at WebStraw who have
previously taken an introductory university physics course.

Purpose:

This resource is meant to supplement the Physics for the Life Sciences Question Manual, by providing
solutions to select questions. To access the full question manual, please click here.

Instructions

We recommend first trying to complete the problems in the question manual on your own. If you get stuck,
you can use this resource to view the solution provided by one of our Education Team members. Once you are
confident you understand how to solve that question, we recommend solving additional related problems in
order to successfully master the topic.

Disclaimer
This resource assumes that you have a basic understanding of key concepts related to the Electricity unit in
physics. If you are looking to improve your understanding of specific physics content, check out the additional

resources provided at the end of the question manual.

Note: There may be more than one correct method to solve some of the problems outlined in the question
manual. Thus, the solutions provided may not represent the only acceptable solution.

If you have any comments or feedback regarding this resource or the solutions contained in it, please do not
hesitate to contact us at team@webstraw.ca

We wish you the best of luck on your learning journey!

- The WebStraw Education Team



™o equahn for o behwesn 2 charqes 5 F “9:9=- @
r—l

You double  We dsYane (o o
( Q.Y‘B ond Kalvﬁ the C\‘\c\\r%{% (‘LL'%‘;_C\(Q_

o @ L\,z—vlzcv,\ , Wt e T \L(\_ )(L :
\ D 2 Zo\«l Zoxt\ - l_-\\(c\,\aﬁ,t _ \ \LCL\C‘(’_
oo LM of He orawal force (207 — ic ( s
: _oaN ™
Given - wa 'fl(DlLa3 E - C &=26 2

llec‘uweo\'- Chavar (@ on o\aéfc&

SO\VQ . F:CLE bub F = ma NIS (\(E = P&
q = ma (\oILcQ(Qo-{;) 3/{00 c

E (2% —

S

e — %
G\v—m: = 10w = 0.0’w\ GL-, L’lo C
Requimd - Electne fedd

g N
delve - E = LY . (%MLD: 359LeoC

T

v
(o, 01 )°
o
-9
6\\\!‘%1 E_, L“ e - :/‘L,Io C
= 140 = Ver 8.3-10° % VO S 4,
Mz 1'97'[0—1"(
bﬂull’{ol; .tlm +() V‘LACL\ v[\\na( ve/l()(lk}
-7 6 E_) - L/ . -3 N
Gelve - F:—c\/E :(/.6'10 C)([‘/q. 10" = /. 32 Jo
F [g24< (o~ "nN -
F e - _ Oﬂf 3
o . /,67:' /o,zvlL‘j /,0 Cl / S
%’—VDfaf —> ¢ = vp'v(-, :(543,105? 'O?) ‘/Lil/g,:/b—7s
Q ([.07../014 m “d’;»’ﬁ”\

s



(A -

Av\ Q,\E,Ch'on (K('(Stxh"c (\\ Q_v%&\ ""‘\l p— ™ ‘.\\2 d \re.C \—\OV\ Vo) t EO S[,-C

he Peld lines 3 e

he elemm-%g/ W PM;MQ a fove of cmtE—
cna v

bur Mok o MOXLA\ profem  will experence e Sawe

Posthvely d“’*r&hﬁ“ of e Le\d lines &5 Y EETS (

G\
G .
“on E = [60% 1 - Q m = M
Eec\\,{\f“(o‘. Mmoo oan LWVV\S O[} Q -4 =
Sel % .
e OBAL‘-" € x pevi-emce S e_,\e(\"nl. Cvrq \APWo«‘(cJS 3 b)ra\/\‘\-‘-h‘”\ﬂl
corce" (Wf\OB\'\\’\ ad)'\“\vvr«v‘olg
v
L&
by
= = €
Fe c\,E’ at > When ¥ ()\mk, FM\_ =0 seo FQ:FB
F =™
2" Qe _\QE
. = so M= T~ a=w
F,=Fe — ~9 = QFE Ny [z
(2"
—_—
G\w'tuf- E = N
A9 cco 7, (
C ?ourc\\\e\ Rlade C‘-\?‘\C\'\‘UY‘ A \\‘S
plakes gpnvales o Reld bedween
- - - 14 _ —-27
d - 10 men = .0V 4 & Le-w0 C m= [.67- 10 IL)

Requied © Seeed of  cudvon  ax pesthwe O\
Selwe - F:.E =ma €
3 — “’;:39,3‘\9’\&2?

v ¢ 2
¢5= V. Ty 2ad —> vy, - - — _
£ v,* + ad :E\"\ - \05 vv\/S




(1S «
—

G)\VW:R:;ZO_()_ ‘7‘: _]50\/J
Kea‘mreol: V o\no\ I

et Povyy — ve [PRT 5[,y |
S SRR TNEYY

C\H: oy
— | e |0 \4/«/)
G“W',W" .6 - 167 C Ve = 24y 107 “?“ ~”

QQ‘\thgd. ‘VOH‘Q

SG)\,Q:

E 2
& z‘/v Et"" lzv“\/
[ = —
V=32 = 3070 V
T I
/——~ e lvooV 0\/' C
G‘)\v-w
ZQ‘\\MN(‘) W oo ¥ A one_
Solwe =9 N
= \DOOOQ&
CQ_\t
" ! ' Y a0 M
Giwen - E = S000— ‘\vave,\luu} b o A= 2w A,

M= |, LT 10 27 \43



£ Vo T 2 oad
g L
{ _ ” [0
—)l 3% 00 "
-

DY
EXVI E o' ‘
0\/ V.6 \o C m= Lb- (0 21 \w} V- LoV [ 2100 boo—
v‘Lc\\M"fd'. \’x_
Selve® £ + FE = F E/
\'.(- (L' kl— ¢ nd 0\“ 0‘: M EQ \S converded te F
. |4
TR T
my- Ty V S dmy
( = ¢ =
V2 I P T P S B A P B a2
“fitoun s ]
S
MSas
e Yoweav s A (vwovw\.a) w e Qte\d‘ \‘MSX

The Chawqa 16 moVeRy

So v wust be a \)OS\\’\VC_ cMevag (mmeopnitude Cennoy B2 &\J/\A)

625%"

e

\P (\\QV‘Y& s dU\k\)‘Q d , \\— w\\\ W6V In M S&V\’\Q &\WC\_\(’V\ . MW\F QJKW\QAI\CQ
o \qvcxu' Yor e (v = c\/‘:— D) 56 wl have e N acurohon % ™
Qo&\&( cx.\UV\UB \'\'\L \) cd'\'\ o

G\lc‘o -.“

\t char
§). ¥

\S Ws—tc\‘\\— will  Weve W We  steesilke  dve o ("\‘qu‘.dg




c27 [ | ! iw

Farallel Series
O Ceq - _2¢ -(—'-+—'—>—'=LC Ceq halves
eg = £+ (,= Ceg=LC " C 2 €g '
@ Full voltage drop Each capacitor has half
across each cepacitor. their original Voltage Arop. U 2 ench
=Loey? =L ¥r= L/ cv2) capacitor
z Vv (/’ZC(z) 4 (-ZCV) :Z:c;el'ases
by a factor
of 4.
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Mt plae
- P C\
Q—ec\u\wo\ T Woevk b ovwee Y 60036 w to — R\l

Colve = W= —cLE d = Fd = -qV

(1.6 107" ) SSov}

= 8‘5 -IU—”’S (V"\o\n

on o~ (‘\Y‘OWV\ + to - P'&k V‘gﬂgd\v_\.{g
wor\L\ K




G

———

T . molt
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e i el

/W/" hm//:(/.(a-to 1) (100, 000 ) :@

T, +18V 500
1 I N
G33 * selected random
8.0 .y & I directions of cCurrent
WY | 700 and  random
— WV —! directions of
l TI3 h start
I, —WIh—
3 5.0 +36V
Node law’ L +I,-I,=0

Loop Law:

O — 1BV = (50T, = (7.00)(T,)—- 12V~ (1) T, — (g.on)], =0

—30V - 13T, — 18T, =0
—13T, = 30V+ BT,
I, = -30—-181,
3

@ +12V + (70T, =36V + (500) Ty +(1n)T, =0
24V + BI, + 5I; =0

13 . 2-17';’812




Node Law + substitution

L-I, =1,
_( 30+)812>+ 29— 181, _ g
13 5 2
—5(30+18T,) + (3(24-18T,) .
2
©5

-150-90I, + 312—234T, =651,
62 =389 I,

I, = 042 A
- 30"")812)
I ( 13
I, = - 219
_ 24— 1812
I, = 33A

. The current ﬁ;rough the 80S1L and +he top 50SL resistors s
29A. The current through the [1SL and 7.00y vresistors s
042 A. The currenT fhmugh e bottom 50LL resistor is 3.3 A.

No solution available for G35




(37"
Gueenn - L= So pb =, = Yoo (L {22 = Coo ()
zeo\u\v{o\ © bume constant 1

SO\\@: Resistors n Seaey So R-t: 2\*QZ = 1200__(\

T= Ry =(50. 167 F ) (200 = 0.0 |

i
& pavalle| R, = (‘%E*L ): 266.67_N
R

T > R,C = (50. [0”¢F)(266.¢7 1) ://O,—;@

ST decreases (Foresistors atiiaged 1 peralle|
6301 PosSible circuit  diagram: , R,
R TR
R, =201
K, =30(L
Rs =400
@ R[z = R| + Rl = Zo.n_ * 30—(’— o 50.{1
@ 1 _ 1
RIZB Klz K.B
| /
K23 5o0n qon
U
Kizs wid © The equivalent resistance in his

circuit is 2.2 N.




G4l. q% o_ _1,+, 1
50_[)— @ Razy.' K?_ RS R"f
®L 6 =20 _| [, I
T 604 Rae 60 S0 2010
| __6G
Ra234 60
Ezs‘f = IO_Q.
@ Re¢;= Risy = Ry~ Raay T 100+ (0N=200

10

Therefore, the equivalent resistance in the cirewit is 2022
G43. )y

NT %1 0T

The Voltage acrvss each resistor s 21V

a)

v (av)”
K n

P=

=88 W

T 88 W of power is expended at the 50-() resistor

b) Ve
-y
2 2
ﬂ= V = ('Z’V) =
P 30w ISQ

The vresistance of the second resistor s 1512 .




GYb. T-10A _ . _&E
V=800V FoIV="gt
088T

(L0 (800V) = —== 25

at = 0.00!l s

The shock is delivered over o0.00/1s (1.1 ms).

@20n
G41. a) L _ 1, — A— Gisa
K23 R, K3 Oyn @on
Ryz 20 on T
/ = _3 | —
Rys 2041 ,|‘|'
oV
Rz = 6.671L
Thercﬁ)rc/ the combined resistance of the 20-AL and 10-1L  resistors is
6670
b) (231, = Kza * K’i
= 6670 +8/LL
= 14670 Therefore, Kaay is 46712 .
R23us Rasy R s
/ _ o
Kzsvs 19.67.n 6L
Roys = 42610 Therefore, Risy5 = %26 ()




A) Rna‘ls = R, + Raays
R a3ys = LLQ.* 426 (L
Req‘ bl 83.0. Thereﬁ)re/

e) 1-V . _lev _
¢ 1.9A

8.26(l

-F) Rs = Oqoq Rl%“' d ? R23“l’

T, + Taaw = Trora = 19A

% Iz’i‘-} ¥ I23‘| = lqA
7
E’Izgq = |.qA
Tasy = 0543A . TIs=19A-0543A =14 A
Therefore, the current through the 6-S1
resistor s 4 A.
I, =194 v, = (94040 the 40-50 resistor is
V, = 76V 76V

K:z s 83M).

Therefore, the fotal current in the

cirewit is 19A.

5
Rs will  have 2

wurrent than  R,z4.

[V=IK

times more

I*ﬁ]

GY4. recall R = 4
L

S Tr2

where £ = lengﬁl of wire

and A = area of the cross-section

and /0 = msisﬁwty

214

Wire 1- radiungth L

Wire 2 — radius 4R, length 16L

Wire 3 - radius 5R, length L/3

Wire 4 - radius R/2, length 3L/2
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wire 2 g 2 (l6l) _ 16 (pL) _ 2L
Tr): 16 (mr?) T2

wire 3 R = /(_QL) _ _ LA
T(5r)? 3(25)(r*) 75 Tr?
wirey . AED)_3) A

T( £)* _z(,;')(rrrz) - 6'7”,2

. Greatest R

> Smallest Kesistance

wire 4 >wires 1and 2 > wire 3

i
G5l. R =R = R = 000250 & &=oox
g = 0020V I,
€, = 0035V T O
g, <0.090 v ~—'VWE' —
Rz &,-0035V
Kirchkoff's  Node Law’ O
M~
I3 - I| - Iz =0 R.a €;=0090V
Ia = I|*Iz I3‘H
kirehhottS Joop law:
@ +£.‘L+IZR2-I\Rl'£|:O

0.035V+ 0.0025I,~ 0.0025I, — 0020V =0

0.0025I, = 00025I,— 0.0/5V
I, = TI,- ¢V




@) +€, - T,Rs “T,R2 - £,-0
0.090V — 0.0025I,— 0.0025T, ~ 0.035V=0
0.0025T5 + 00025 I, = 0.055V
0.0025 T, = 0.055V — 0.0025 I,
I = 22V-1,

Keturn fo the Node Law f Substitute
I = I, + I,
2= T, = TI,-6V + 1,
28V =31,
I, =93A

. The current through £,
is 33A and it moves
from tne positive terminal
fo the negative terminal.

I,=22-933 =[I13A
I, =933-¢ =|33A

14

Gb3.

— Ry= Ka =
5—” 51 e 199
M
R5:3-7 kL
| A\
© Ria = (I—(T+ K;) @ Kez’ Rao + R;
- -
= | I Reg = 13.8 k2 + 2T «()
Ria (51.&. N mn) :
k"‘t Hl QL
Riz = 13.8 52

“ The equivalent resistance in the cirewit s

41 kSL.
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60 400

R,

[1]F

120 V
120V= V"f'VZ V|=IR‘
120V = IR + TR, v, =(1.2A) 60
120v = 60I + 40T V= 72V
120V = 100
I =12A - The voltage across the
60-1) resistor s T2V
[ —MW—
Go7. L éﬁa % L L
] s =
W, W

Paths electrons can take through the Circuit with the switch open.

Calewlation for ReL

@Q;.': Ra*Rq = 2R @ | | ©) Rez’ R, + Rzsy *Rs

ﬂeq_-;K "’:;"R"'R

L Rey = SR
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When the Switth | there is a new path for electrons 1o Fow Throujh

that haS no resiczance. Electrons like to Ffollow The path of [east

resistance , therefore the paths /nvo/vmf resiStors 2 and 3 will

be effecﬂl/e/y Short-circuited  (ie. no electrons will Flow through Them )

3R > SQR = The overall resistance of the cirewit increases
when the switcth is closed.

s [ "™ ¢
’T =

\\

Ree} in_series: Reg in paraliel’
= /Ly L\
Req'= £|*RZ ﬂ¢$ (KI*&L)
“Must be greater than 5 must be smaller than
both K, and Ra. boith R, and K;.
v

constant and
determined by

EMF Sourc?.

I°"L

R
" The greater R is, the smaler T is,



the bulbs will be brighter in the parallel
circwit. More current will be drawn since resistance
is smaller than if the bulbs were connected in

17

series.
@ Is correct.
GG / /€= /Zj Kesistance s directly pro/ortiona,/ o

the /engfh of wire.
R« f

Therefore, if the length of wire increases by 0.57,  and
assuming  recistivity / and area of crvss-section A remain
unchanyed , the resistance of the wire will JikewiSe increqsc
b] 0.57 .

G63.

R|= Rz= R3=Rq= R5=£6 =00
I I\~ R R

0 Rs =(75 " 5) 0 = E L

= 500

R 4l

_ A B
@ stc ( 50 M loo) HeN Ry == &

= 33330N ? T ’
@ Rpse = 100 + 33330 = [33.330

® g,, - 00+ 000 = 20000



) / ol
® Rpzyse = Reg = (:33‘33 " 200 ) ok
Kei= 80.0 N

Therefore, the equivalent resistance between fterminals A and B is
80.00.

18

£
1|+

G6D. | €= 50V

R,= 5.0V civewit, Vg =V, = (50V.

M
‘®J Iy = 0.05 T ¢ora

since this s a po.\ral\el

)

Furthermore, recall that 0Ohm's law tells us that L < & . Since
electrons only have 2 possible paths fo follow at the hrstd‘unwon in

the crcwit the 50°SL resistor must recieve 45/ of the total current.

Since the 50-SL resistor receives /9 times more current, & must

have 19 times less resistance than the Voltmeter. Therefore, 1he
vo/tmeter hasS a resistance of /9 x 500 =951

To calculate the current #mzufh the EMF source :

4
Iy = 0051+ = —K—
5.0V
e =200
Therefore, the current passin
It- =32 74 P ‘7

+hroujh the EMF source s
32 A
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667 < é R, ” Rz

Il =Iz
*IOOOV__—_
i Re = Power formula @ P=TI*R
Y Power s directly propor tional 1o
resistancte and the current is the
same for both resistors,
" Fesistor 1 will  dissipate more
power.
+|ooLv B
GGq _W 'VT/L 'lll W combinations of resistors in
'W_ £ series: 74 Jindl 5
G @loNn
7’ ® 50N 'WM‘ @4.00
MM—"@IOQ ‘/‘N\_l
M
[
A B

’[) Solving for Req

0, =__'__., @ Reg = R * Raz * Ry

| il
Rz 100 7 Reg = 5.00 + 4120+ 400
Kza = 4 /2-(2- Kei = 130
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Therefore, the equivalent resistance between points A and B
is 13L2.

2)_Solving for Current

T,-_Vas _ 100V T
® ¢ £e$ 13,1200 6 A

Al current must go #)rolfgh resistors | and 4. This current s
16 A

. = 7
@ I‘x% R.=lon Rs"l-ozz
K;“f.ﬂ.

_ 10
I, -711 because V i constant.

I,+ I, = I, I3= 5 (31A) =454

The (urrent fhrOugh the 10-LL
17 = 10A resistor is 3.1A. The current through
—d P the 7.0-JL resistor is 4.9A.




