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m319 23 1WSeuioufaeuvesminmde 12 Tunuulsadiuszninalsusoulunguaiedial4

154 (fmougndes fie 1)

o o 9y
AINDUUDINIDTINVD 12

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 3 9 17 1 0
Twuazviv 30 5 7 7 10 1 0
ganala 30 3 1 5 20 1 0
1nyeq 30 8 6 6 7 3 0
UNZIIA 30 3 3 10 10 4 0
uAanen 30 2 2 7 15 4 0
Az 30 5 0 6 12 6 1
iafiog 30 0 0 0 29 1 0
azy o 30 9 6 6 8 1 0
Tuuu 30 0 0 2 25 3 0
Tuuag 30 1 2 6 15 6 0
NI 30 3 3 4 13 7 0
SoUNU 30 2 2 3 19 4 0
NUOILIM 30 1 2 4 13 10 0

319 24 nfSeuiisumaeuvesdininde 12 lunuulsziuszninngualediaazdoyan

[3] (MapuAignADI AD 9)

Agu Aaouvosmninde 12 (%)

A798149 " n Y f X ?
pre-A 425 15 10 7 52 3
pre-C 1645 15 12 7 60 4
post-A 465 9 8 13 67 2
post-C 1778 8 13 7 68 1

Lao 420 10 9 18 51 12
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° o 9y
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T595eu3i 50 N

f ! f q b liineu

ALNIU 30 1 0 3 10 16 0
Tnuazniu 30 5 2 12 6 5 0
gaNd a 30 1 2 3 1 23 0
1nyeq 30 5 7 8 4 5 1
UNZIIA 30 6 4 5 2 13 0
uAanen 30 3 2 9 7 9 0
Az 30 2 4 6 8 10 0
iafiog 30 9 4 0 0 17 0
azy o 30 3 1 1 1 24 0
Tuuu 30 5 8 4 3 10 0
Tuuag 30 0 2 4 8 16 0
NN 30 1 1 1 6 21 0
SoUNU 30 3 0 1 8 18 0
NUOILIN 30 3 2 3 11 11 0

m319 26 fSeuiisumaeuuesiioiude 13 lunuulszliuseninngualediaazdoyan

[3] (MapUNYNADY AD )

ngu fmovvesiinude 13 (%)
A79819 N ) Y f N ?
pre-A 176 15 31 2 2 47
pre-C 870 16 39 4 2 36
post-A 168 27 20 1 0 51
post-C 435 23 19 3 2 53

Laos 420 11. 9 14 18 47
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° o 9y
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T595eu3i 50 N

f ! f 3 ? liineu
EALT! 30 5 1 0 18 6 0
Tnuezviu 30 3 7 6 9 5 0
gaNd a 30 0 2 5 19 4 0
1nyeq 30 7 7 7 5 4 0
QUULIIA 30 6 4 4 14 2 0
uAanen 30 3 2 6 13 6 0
T 30 6 6 3 9 6 0
yiafiog 30 2 7 4 17 0 0
azy 1y 30 3 1 0 24 2 0
Tuuu 30 4 6 8 6 6 0
Tuuang 30 4 2 4 6 13 1
N3 1Y 30 0 1 2 7 20 0
SoUNY 30 1 0 4 15 9 1
NUOIUINM 30 0 2 4 7 17 0

m319 28 fSeuiisumaeuuesiioinde 14 lunuulszliuseninngualediaazdoyan

[3] (MApUAgnADI AD 9)

Agu Maouvasmnde 14 (%)
A79819 N n Y f X D)
pre-A 380 49 10 7 5 12
pre-C 1456 54 8 5 8 19
post-A 425 54 9 4 16 13
post-C 1332 50 13 6 16 14

Laos 420 10 11 14 40 24
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154 (fmouigndes fie n)

MaouveIMnIutTo 15

T595eu3i 50 N

f ! f q ? liineu

ALNIU 30 18 7 5 0 0 0
Tnuazniu 30 7 3 8 6 6 0
gaudla 30 20 6 0 3 1 0
11n%04 30 6 5 9 5 5 0
UNZIIA 30 14 6 2 5 2 1
uAanen 30 13 5 5 2 5 0
Az 30 9 10 6 3 2 0
iafiog 30 18 3 3 1 1 4
azy o 30 9 6 8 7 0 0
Tuuau 30 25 2 0 0 3 0
Tuuag 30 19 5 0 3 3 0
RCLERL 30 16 9 3 1 0 1
SoUNU 30 17 9 2 0 2 0
NUOILIN 30 22 3 2 2 1 0

m319 30 nlSeufisufaeuuesiioinde 15 lunuulszliuseninngualediaazdoyan

[3] (MapUNgnADY Ao )

nqu Aaouvosdinde 15 (%)
#1081 3 n Y f N ?
pre-A 302 13 25 35 5 9
pre-C 1314 17 19 52 4 5
post-A 354 24 24 34 9 8
post-C 1151 37 22 34 3 3

Laos 420 51 19 13 9 7
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154 (fmouiigndes Ao 1)

° o 9y
AINDUUDINIDINVD 16

T595eu3i 50 N

f ! f q b liineu

ALNIU 30 0 1 6 5 18 0
Tnuazniu 30 6 7 10 6 1 0
gaNd a 30 1 1 2 7 19 0
1nyeq 30 4 4 5 11 5 1
UNZIIA 30 2 2 7 5 13 1
uAanen 30 4 3 3 8 12 0
Az 30 1 4 6 11 8 0
iafiog 30 4 3 2 2 18 1
azy o 30 5 11 8 2 4 0
Tuuu 30 1 2 0 3 24 0
Tuuag 30 0 0 0 5 24 1
NN 30 1 0 3 8 18 0
SoUNU 30 1 9 4 4 11 1
NUOILIN 30 4 1 1 6 18 0

m319 32 nfSeuifisufaeuuesiioinde 16 lunuulszliuseninngualediaazdoyann

[3] (MApUNYNADY AD )

nqu Aaouvosdndo 16 (%)
#1081 3 n Y f N ?
pre-A 386 10 19 12 20 19
pre-C 1645 13 20 17 20 25
post-A 432 13 22 13 17 32
post-C 1778 15 23 14 12 28

Laos 420 8 11 13 19 45
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154 (fmouigndes Ao 1)

MaouvIMInINTo 17

T59i5eu3i 50 N

f ¥ f 3 b liinev

ALNIU 30 7 0 0 6 17 0
Twuazviv 30 5 7 9 6 3 0
ganala 30 0 1 6 2 21 0
1104 30 4 5 8 7 6 0
UNZIIA 30 3 6 4 6 11 0
uAanen 30 3 5 3 8 10 1
Az 30 0 4 9 11 6 0
iafiog 30 4 0 2 1 21 2
azy o 30 9 7 9 0 5 0
Tuuu 30 0 2 0 1 27 0
Tuuag 30 1 0 1 6 21 1
NI 30 2 2 1 5 20 0
SoUNU 30 4 4 5 4 12 1
NUOILIM 30 0 1 4 10 14 1

m319 34 nfSeuiisumaeuvesdinide 17 lunuulsziliuseninngualediaazdoyann

[3] (MapUNYNADY AD )

Agu Maeuvesmnde 17 (%)
A719819 : ) Y f N v
pre-A 380 4 18 31 5 25
pre-C 1456 5 17 35 8 28
post-A 425 2 16 23 6 51
post-C 1332 2 14 23 6 55

Laos 420 10 10 14 17 46
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o o 9y
AINDUUDINIDINUD 18

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 0 4 25 1 0
Twuazviv 30 7 7 6 4 6 0
ganala 30 2 5 4 11 8 0
1nyeq 30 5 12 4 5 4 0
UNZIIA 30 1 4 17 6 2 0
uAanen 30 3 1 14 12 0 0
Az 30 1 0 6 23 0 0
iafiog 30 1 3 1 20 4 1
Az las 30 1 1 3 22 3 0
Tuuu 30 5 8 5 10 2 0
Tuuag 30 0 0 3 22 5 0
NI 30 0 0 3 23 4 0
SoUNU 30 1 2 1 23 3 0
NUOILIM 30 0 2 3 14 11 0

m319 36 fSsuiisumasuvesdioiude 18 lunuulszliuseninngualediaazdoyann

[3] (MApUAgNADI AD 1)

Agu Aaouvoimnde 18 (%)

A79819 " n Y f X v
pre-A 380 4 7 21 29 22
pre-C 1456 2 8 22 41 21
post-A 425 2 4 17 47 28
post-C 1332 1 4 13 49 32

Laos 420 6 10 17 52 12
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154 (fmouigndes fie n)

o o 9y
AINOVUDINIDINVD 19

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 29 1 0 0 0 0
Twuazviv 30 3 7 8 6 6 0
gaNd o 30 8 16 3 0 3 0
1104 30 8 5 6 6 4 1
U1 30 3 7 4 9 5 2
uAanen 30 15 3 8 3 1 0
Az 30 24 3 0 2 1 0
iafiog 30 22 2 3 3 0 0
azy o 30 20 1 3 0 6 0
Tuuau 30 3 13 9 3 2 0
Tuuag 30 13 14 0 0 2 1
WIeNI1Y 30 19 8 0 1 1 1
SoUNU 30 23 3 2 1 1 0
NUOILIM 30 22 3 1 2 2 0

m314 38 fSeuiisumaeuuesdioinde 19 lunuulszliuseninngualediaazdoyann

[3] (MapUNYNADY AD )

Agu AneuveIiinInto 19 (%)

A79619 : n Y f N v
pre-A 380 13 18 23 12 13
pre-C 1456 22 24 23 12 12
post-A 425 34 25 14 11 10
post-C 1332 49 24 12 6 8

Laos 420 50 20 11 8 8
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M314 39 1WSeuiioumaeuvesminde 20 Tunuulsadiuszninalsusoulunguaiedials

154 (fmougndes fie 1)

o o 9y
AN UUVDINIDINVD 20

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 0 0 30 0 0
Twuazviv 30 4 2 10 8 6 0
ganala 30 0 1 4 24 1 0
1104 30 6 7 5 10 2 0
UNZIIA 30 3 4 9 10 4 0
uAanen 30 3 6 6 11 4 0
Az 30 3 0 2 25 0 0
iafiog 30 22 2 3 3 0 0
Az las 30 2 2 3 21 2 0
Tuuu 30 2 5 8 5 10 0
Tuuag 30 1 2 4 9 14 0
NI 30 2 3 1 17 7 0
SoUNU 30 1 2 3 23 1 0
NUOIUINM 30 0 2 1 20 7 0

M319 40 nfSeuiisumaeuuesdioinde 20 lunuulsziliuseninngualediaazdoyann

[3] (MapUNgnADY AD 1)

nquy Aaouvesmnude 20 (%)

A8 N n Y f X ?
pre-A 380 23 18 22 9 6
pre-C 1456 22 24 28 13 4
post-A 425 18 20 32 17 8
post-C 132 14 25 34 21 4

Laos 420 12 9 14 51 13
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o o 9y
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T59i5eu3i 50 N

f ¥ f 3 b liinev

ALNIU 30 0 0 0 5 25 0
Twuazviv 30 0 4 11 9 6 0
ganala 30 2 3 12 1 12 0
1104 30 8 4 9 4 5 0
UNZIIA 30 5 5 6 10 4 0
uAanen 30 3 4 1 11 11 0
Az 30 1 1 0 5 23 0
iafiog 30 4 5 4 0 17 0
azy o 30 5 2 7 5 11 0
Tuuu 30 1 2 5 2 20 0
Tuuag 30 2 2 6 11 9 0
NI 30 1 5 2 5 17 0
SoUNU 30 1 2 1 1 24 1
NUOIUINM 30 0 2 3 7 17 1

m319 42 nlSeuiisumaeuvesdinide 21 lunuulsgliuseninngualediaazdoyann

[3] (MApUNYNADY AD )

Agu Aaeuvosmnde 21 (%)
A10814 " f ! f 3 ?
pre-A 419 17 19 13 6 31
pre-C 1564 19 31 12 8 26
post-A 444 15 8 21 8 44
post-C 1287 18 28 17 8 28

Laos 420 8 10 16 18 48
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ALNIU 30 0 0 0 30 0 0
Twuazviv 30 4 8 6 4 8 0
ganala 30 5 5 1 9 10 0
1104 30 0 6 10 5 8 1
UNZIIA 30 2 3 16 5 4 0
uAanen 30 3 4 9 13 1 0
Az 30 0 0 5 24 1 0
iafiog 30 19 5 6 0 0 0
azy o 30 7 5 6 7 5 0
Tuuau 30 24 2 3 1 0 0
Tuuag 30 17 4 7 2 0 0
NI 30 18 6 2 4 0 0
FOUNY 30 16 2 2 5 5 0
NUOILIM 30 16 10 4 0 0 0

M319 44 nfSeuiisumaeuuesdioinde 22 lunuulsziliuseninngualedaazdoyann

[3] (MApUNgNADI AD 9)

Agu Maouvosmnde 22 (%)
A79819 " n Y f X v
pre-A 419 34 10 12 7 26
pre-C 1564 35 17 12 16 16
post-A 444 22 11 28 32 4
post-C 1287 14 14 30 39 2

Laos 420 31 14 18 26 10
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o o 9y
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T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 30 0 0 0 0 0
Twuazviv 30 7 6 9 3 5 0
gaNd o 30 6 5 11 6 2 0
1104 30 9 4 4 9 4 0
U1 30 7 12 5 3 3 0
uAanen 30 14 9 5 0 2 0
Az 30 27 1 1 0 1 0
iafiog 30 3 8 18 1 0 0
Az las 30 1 4 12 3 10 0
Tuuau 30 5 3 18 0 4 0
Tuuag 30 14 10 3 2 1 0
NI 30 18 7 3 1 1 0
SoUNU 30 18 3 8 1 0 0
NUOILIM 30 12 12 4 1 1 0

M319 46 fSeuiisumaeuuesiinide 23 lunuulsziliuseninngualediaazdoyann

[3] (MapUNgnADY Ad )

nqu AneuveIiinInto 23 (%)
A798619 N ) U f N ?
pre-A 411 1 32 21 8 15
pre-C 1405 20 30 20 8 17
post-A 144 45 15 13 9 11
post-C 1263 63 10 10 8 7

Laos 420 41 20 24 7 8
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o o 9y
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T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 0 30 0 0 0
Twuazviv 30 5 11 4 4 6 0
ganala 30 0 20 6 0 4 0
1104 30 5 6 4 5 10 0
UNZIIA 30 5 9 4 8 4 0
uAanen 30 4 4 13 8 1 0
Az 30 1 0 28 0 1 0
iafiog 30 8 10 6 2 3 1
azy o 30 10 3 12 2 3 0
Tuuau 30 13 4 8 4 1 0
Tuuag 30 0 5 23 2 0 0
NI 30 1 7 13 7 2 0
SoUNU 30 2 5 7 11 2 3
NUOILIM 30 2 3 19 3 1 2

m319 48 nfSeuiisumaeuvesiioinde 24 lunuulsziiuseninngualediaazdoyann

[3] (MapuNgnAed Ao A)

Agu Aaouvoimnde 24 (%)

A10814 " ﬂ ! f 3 ?
pre-A 419 3 45 8 20 14
pre-C 1564 4 48 7 29 8
post-A 444 2 45 25 19 8
post-C 1287 1 45 22 23 7

Laos 420 13 21 42 13 9
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154 (fmougndes fie 1)

MaouveImnIutdeo 25

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 0 0 30 0 0
Twuazviv 30 7 5 8 6 4 0
ganala 30 2 9 9 5 5 0
1104 30 4 9 3 6 8 0
UNZIIA 30 7 3 8 11 1 0
uAanen 30 2 0 12 10 6 0
Az 30 0 1 4 25 0 0
iafiog 30 6 7 7 5 4 1
Az las 30 4 7 10 3 6 0
Tuuu 30 2 8 8 9 3 0
Tuuag 30 0 2 8 20 0 0
NI 30 6 0 10 10 4 0
FOUNY 30 4 11 4 8 3 0
NUOILIM 30 0 4 6 20 0 0

M319 45 nfSeuiisumaeuvesiioinde 25 lunuulszliuseninngualedaazdoyann

[3] (MApUNgNADI AD 9)

Agu AneuveIiinInto 25 (%)
A79619 : n Y f X ?
pre-A 411 14 28 31 8 7
pre-C 1405 14 22 42 12 5
post-A 444 11 12 20 48 5
post-C 1263 8 11 25 47 8

Laos 420 10 16 23 40 10
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o o 9y
AINDUUDINIDINVD 26

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 17 0 3 7 3 0
Twuazviv 30 3 9 6 11 1 0
gaNd o 30 18 9 3 0 0 0
1104 30 9 2 5 9 5 0
U1 30 10 11 6 3 0 0
uAanen 30 9 10 6 3 2 0
Az 30 25 4 0 1 0 0
iafiog 30 6 7 7 6 3 1
azy o 30 4 6 7 8 5 0
Tuuau 30 7 10 9 1 3 0
Tuuag 30 15 14 1 0 0 0
WIeNI1Y 30 20 8 1 0 0 1
SoUNU 30 13 6 7 2 2 0
NUOILIM 30 10 8 3 6 3 0

319 52 nlSeuiisumaeuuesiininde 26 lunuulsziliuseninngualediaazdoyann

[3] (MapUNgnADY Ad )

nquy Aaouvosmnde 26 (%)
A798619 N n Y f N ?
pre-A 411 8 41 8 24 3
pre-C 1405 22 30 11 26 6
post-A 444 49 11 6 21 6
post-C 1263 67 8 8 12 4

Laos 420 40 25 15 14 6




103

30
25
=
|
(04
S En
=
=2 M
P
°@
A
LN
M A

% J
TsaiSeuisananu ol

[ o Y a '
31 52 nymluaasmanfSeumeumaeuvesiininde 26 lunuuilseiiuszrinalsasouly

[ o [l o ~ 9 A
NAUAIDYIN14 154 (MADUNYNADI AB N)

A 3 1A ' 1 1 3 A A 1 [
27. f]’lgﬂ']ﬂﬂlﬂuﬂﬁgﬂqu’)ﬂ (+q) 'f)Quqcluigu'llli$ﬁ31ﬂllﬂﬂllulﬂaﬂﬂ'ﬂﬂ@gu\j PAYSIN ﬂ\‘lzﬂ
3 Y Y oA < ' " gy v ' i a
l!lllfﬂaﬂﬂ'lu‘;]ﬂﬂllﬂ'ﬂlllli\nﬂu 3 IMUDNLUULKANATUUIN ﬂl@ﬁlﬂ@@llﬂuuﬁﬂ\iWaq%‘ﬁﬂl@\uli\j

= o 1 v Y
L!m”ﬂﬁﬂ‘ﬂﬂi$%1@6ﬂ§$%ﬂﬂgﬂﬁﬂﬂ

€

S N S N

n) —> V) L/ n) 4— 1) \ ) quo

51 53 uarasdionwde 27 Tunnuilsziiv



104

m314 53 1WSeuioumaeuvesminde 27 Tunuulsadiuszninalsausoulunguaiedials

154 (fmouiigndes Ao 1)

MaouvIMInINTo 27

T59i5eu3i 50 N

f ¥ f 3 b liinev

ALNIU 30 0 0 0 0 30 0
Twuazviv 30 7 9 8 3 3 0
ganala 30 7 9 4 3 7 0
1104 30 6 6 9 6 2 1
UNZIIA 30 3 6 3 9 9 0
uAanen 30 2 2 2 14 10 0
Az 30 3 0 1 1 25 0
iafiog 30 5 7 7 6 4 1
Az las 30 4 4 12 5 5 0
Tuuau 30 1 2 14 8 5 0
Tuuag 30 0 0 14 5 10 1
NI 30 5 5 1 1 17 1
SoUNU 30 0 5 1 14 10 0
NUOIUINM 30 1 1 9 0 17 2

M319 54 nfSeuiisumaeuuesdioinde 27 lunuulsgliuseninngualedaazdoyann

[3] (MapUNYNADY AD )

Agu Maouvosmnde 27 (%)

A719819 : ) Y f N v
pre-A 322 9 14 9 21 32
pre-C 1298 15 14 8 28 31
post-A 358 19 5 8 23 40
post-C 1113 30 8 8 20 34

Laos 420 10 13 20 18 37
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154 (fmouigndes fio A)

o o 9y
AINDUUDINIDINUD 28

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 0 0 30 0 0
Twuazviv 30 4 7 9 8 2 0
ganala 30 3 1 1 24 1 0
1nyeq 30 7 7 8 4 4 0
UNZIIA 30 2 8 14 2 4 0
uAanen 30 1 6 14 2 7 0
Az 30 1 1 4 24 0 0
iafiog 30 4 8 9 5 3 1
Az las 30 1 13 8 7 1 0
Tuuau 30 2 8 14 5 1 0
Tuuag 30 0 11 0 16 3 0
NI 30 1 0 23 5 1 0
SoUNU 30 3 2 23 2 0 0
NUOILIM 30 3 0 15 10 2 0

m31956 oufsudineuvesdioiude 28 Tunnulsziiiuserninnquaiediaazdoya

110 [3] (AneuNgndos Ao )

nquy Aaouvoimnude 28 (%)
A8 N n Y f N ?
pre-A 419 7 22 12 7 38
pre-C 1564 8 20 28 5 35
post-A 444 8 12 40 3 35
post-C 1426 6 6 54 2 30

Laos 420 8 17 34 34 7
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154 (fmouigndes fio A)

o o 9y
AINDUUDINIDINVD 29

T59i5eu3i 50 N

f ¥ f 3 ? liinev

ALNIU 30 0 0 0 30 0 0
Twuazviv 30 7 5 10 5 3 0
ganala 30 1 0 4 25 0 0
1104 30 4 4 11 6 3 2
UNZIIA 30 3 3 19 5 0 0
uAanen 30 4 3 10 1 12 0
Az 30 3 2 1 23 1 0
iafiog 30 0 8 9 8 5 0
azy o 30 3 13 6 5 3 0
Tuuau 30 2 4 15 9 0 0
Tuuag 30 3 6 0 14 6 1
NI 30 0 0 26 0 4 0
SoUNU 30 2 3 23 1 1 0
NUOILIM 30 1 1 14 14 0 0

m319 58 nfSeuiisumaeuuesdioinde 29 lunuulsziliuseninngualediaazdoyann

[3] (MApUNgnADY Ao )

nquy Aaouvesmnnde 29 (%)

A8 N n Y f N ?
pre-A 322 25 14 9 22 9
pre-C 1298 29 18 16 23 7
post-A 358 26 23 23 19 6
post-C 1113 21 29 2 22 5

Laos 420 8 12 35 35 9
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154 (fmouigndes fie n)

° o 9y
AINDVUDINIDINVD 30

T595eu3i 50 N

f ! f q ? liineu

ALNIU 30 30 0 0 0 0 0
Tnuazniu 30 7 4 8 10 1 0
gaudla 30 25 1 3 0 1 0
1nyeq 30 2 12 9 6 1 0
UUZIAA 30 3 15 2 4 5 1
uAanen 30 26 3 1 0 0 0
Az 30 7 5 8 6 3 1
iafiog 30 7 5 8 6 3 1
azy o 30 6 9 8 2 5 0
Tuuau 30 8 10 7 2 3 0
Tuuag 30 0 14 11 5 0 0
RCLERL 30 26 0 0 1 3 0
SoUNU 30 21 2 4 1 2 0
NUOILIN 30 18 12 0 0 0 0

M319 60 fSeuifisuaeuuesiiniude 30 lunuulszliuseninngualedaazdoyann

[3] (MapUNgnADY Ao )

nqu Aaouvosdinde 30 (%)

#1081 3 n U f N ?
pre-A 322 25 9 23 15 8
pre-C 1298 28 13 28 15 11
post-A 358 48 7 15 14 9
post-C 1113 49 9 14 14 10

Laos 420 44 22 16 10 6
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Appendix

Conceptual Survey in Electricity and Magnetism (CSEM)

(FORM H)

(Answer key is the same as From G)

In any question referring to current, conventional current will be used (where
conventional current is the flow of positive charges). In addition, all effects due to the
earth’s magnetic field will be so small that they will be ignored. Note that the term
“particle” is meant to be an object without size or structure.

1. A hollow metal sphere is electrically neutral (no excess charge). A small amount

2.

of negative charge is suddenly placed at one point P on this metal sphere. If we
check on this excess negative charge a few seconds later we will find one of the
following possibilities :

(@) All of the excess charge remains right around P.

(b) The excess charge has distributed itself over the outside surface of the
sphere.

(c) The excess charge is evenly distributed over the inside and surface.

(d) Most of the charge is still at point P, but some will have spread over the
sphere.

(e) There will be no excess charge left.

A hollow sphere made out of electrically insulating material is electrically neutral
(no excess charge). A small amount of negative charge is suddenly placed at one
point P on outside of this sphere. If we check on this excess negative charge a few
seconde later we will find one of the following possibilities :

(@) All of the excess charge remains right around P.

(b) The excess charge has distributed itself evenly over the outside surface of
the sphere.

(c) The excess charge is evenly distributed over the inside and outside surface.

(d) Most of the charge is still at point P, but some will have spread over the
sphere.

(e) There will be no excess charge left.
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For questions 3-5

Two small objects each with a net charge of +Q exert a force of magnitude F on
each other.

F F
— (9 () —

We replace one of the objects with another whose net charge is +4Q :

. The original magnitude of the force on the +Q charge was F : what is the
magnitude of the force on the +Q now?

(@) 16F (b) 4F () F (d) F/4 (e) other

. What is the magnitude of the force on the +4Q charge?
(@) 16F (b) 4F (©F (d) F/4 (e) other

Next we move the +Q and +4Q charges to be 3 times as far apart as they were:

. Now what is the magnitude of the force on the +4Q?
(@ F/9 (b) F/3 (c) 4F/9 (d) 4F/3 (e) other

. Which of the arrows is in the direction of the net on charge B?

-1 +1

Ae oB
+1
eC

(a) (b) () (d) (¢) none of these
K444

. The picture below shows a particle (labeled B) which has a net electric of +1
unit. Several centimeters to the left is another particle (labeled A) which has a net
charge of -2 units. Choose the pair of force vectors (the arrows) that correctly

compare the electric force on A (caused by B) with the electric force on B (caused
by A)
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-2 units +1 unit
o o
A B
force on A force on B
(@) E— -
(b) — -
© | o B
(d) - —
(e) . ~— -

8. In the figure below, positive charges g, and gz exert on charge q; a net electric
force that points along the +x axis. If appositive charge Q is added at (b,0),what
now will happen to the force on q1? (All charges are fixed at their location.)

before Y after Y
4, 4,
+Q
q X qy b0 *
v-+q_3 »-:-q3

(@) No change in the size of the net force since Q is on the x-axis.

(b) The size of the net force will change but not the direction.

(c) The net force will decrease and the direction may change because of the
interaction between Q and the positive charges g, and .

(d) The net force will increase and the direction may change because of the
interaction between Q and the positive charges g, and gs.

(e) Cannot determine without knowing the magnitude of g1 and/or Q.

9. In the figure below, the electric field at point P is directed upward along the y-
axis. If negative charge —Q is added at a point on the positive y-axis, what
happens to the field at P? (All of the charges are fixed in position.)

before °| after 7
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(@) Not since —Q is on the y-axis.

(b) Strength will increase because —Q is negative.

(c) Strength will decrease and direction may change because of the interaction
between —Q and the two negative q’s

(d) Strength will increase and direction may change because of the
interactions between —Q and the two negative q’s

(e) Cannot determine without knowing the forces —Q exerts on the two
negative q’s.

FOR QUESTIONS 10-11

A positive charge is placed at rest at the center of a region of space in which
there is a uniform, three-dimensional electric field. (A uniform field is one whose
strength and direction are the same at all points within the region.)

10. When the positive charge is released from rest in the uniform electric field, what
will its subsequent motion be?
(@) It will move at a constant speed.
(b) It will move at a constant velocity.
(c) It will move at a constant acceleration.
(d) It will move with a linearly changing acceleration.
(e) It will remain at rest in its initial position.

11. What happens to the electric potential energy of the positive charge, after the
charge is released from rest in the uniform electric field?

(@) It will remain constant because the electric field is uniform.

(b) It will remain constant because the charge remains at rest.

(c) It will increase because the charge will move in the direction of the electric
field.

(d) It will decrease because the charge will move in the opposite direction of
the electric field.

(e) It will decrease because the charge will move in the direction of the
electric field.

12. A positive charge might be placed at one of two different location in a region
where there is a uniform electric field, as show below
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¢--= €=--- ¢--- @-=-= ===
¢--- 4--- &--- G-~- &~--
t=== ¢==-- ¢--- @--- ¢---
4--- &--- G-~~~ G~~~ ===

How do the electric forces on the charge at positions 1 and 2 compare?

(a) Force on the charge is greater at 1.

(b) Force on the charge is greater at 2.

(c) Force at both positions is zero.

(d) Force at both positions is the same but not zero.

(e) Force at both positions has the same magnitude but is in opposite
directions.

13. The figure below show a hollow conducting metal sphere which was given

14.

initially an evenly distributed positive (+) charge on its surface. Then a positive
charge +Q was brought up near the sphere as show What is the direction of the
electric field at the center of the sphere after the positive charge +Q is brought up
near the sphere?

() Left
+.Q (b) Right

(c) Up

(d) Down

(e) Zero field
The figure below show an electric charge q located at the center of a hollow
uncharged conducting metal sphere. Outside the sphere is a second charge Q. Both
charges are positive. Choose the description below that describer the net electrical
farces on each charge in this situation.
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(a) Both charges experience the same net
force directed away from each other.

(b) No net force is experienced by either
charge.

(c) There is no force on Q but a net force
on Q.

(d) There is no force on g but a net force
on Q.

(e) Both charges experience a net force
but they are different from each
other.

USE THE FOLLOWING ELECTRIC FIELD DIAGEAM FOR QUESTION 15.

=T

15. What is the direction of the electric force on a negative charge at point in the

diagram above?

O (b)K © > (d)’

16. An electron is placed at a position on the

(e) the force is zero

x-axis where the electric potential is

+10 V. Which idea below best describes the future motion of the electron?

(@) The electron will move left (-x) since

it is negatively charged.

(b) The electron will move right (-x) since it is negatively charged.
(c) The electron will move left (-x) since the potential is positive.
(d) The electron will move right (-x) since the potential is positive.
(e) The motion cannot be predicted with the information given.

FOR QUESTION 17-19

In the figures below, the dotted lines show the equipotential lines of electric fields

(A charge moving along a line of equal

potential would have a constant electric

potential energy.) A charged object is moved directly from point A to point B.

The charge on the object is +1 pC.
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| | I |
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| | | |

A? | TB I
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10V 30V 50V 10V 30V 50V 10V 20v  30v 40V 50V
20V 40V 20V a0V

17. How does the amount of work needed to move this charge compare for these three
cases?
(a) Most work required in |
(b) Most work required in 1l
(c) Most work required in Il
(d) I and 11 require the same amount of work but less than 111
(e) All three would require the same amount of work.

18. How does the magnitude of the electric field at B compare for these three cases?
@ I>1r>1
() I>11>11
© Hr>1>1
(d u>1>1mu
() I=1=1l

19. For case 11l what is the direction of the electric force exerted by the field on the
+1 uC charged object when at A and when at B?
(@) left at A and left at B
(b) right at A and right at B
(c) left at A and right at B
(d) right at A and left at B
(e) no electric force at either

20. A positively-charged proton is first placed at rest position | and then later at
position Il in a region whose electric potential (voltage) is described by the
equipotential lines Which set of arrows on the left below describes the relative
magnitudes and directions of the electric force exerted on the proton when at
position | or 11?7



146

Force | Force Potential 0|V2V SY 4\{ SV‘
atl at II :
@ » |—» ) | iy
©|—| »
O ¢ |e— ™~ Y
Equipotential lines
@ +—| -
(e) 0 0

21. What happens to a positive charge that is placed at rest in a uniform magnetic
field? (A uniform field is one whose strength and direction are the same at all
points.)

(@) It moves with a constant velocity since the force has a constant magnitude.

(b) It moves with a constant acceleration since the force has a constant
magnitude.

(c) It moves in a circle at a constant speed since the force is always
perpendicular to the velocity.

(d) It accelerates in a circle since the force is always perpendicular to the
velocity.

(e) It remains at rest since the force and the initial velocity are zero.

22. An electron moves horizontally toward a screen. The electron move along the path
that is shown because of a magnetic force caused by a magnetic field. In what
direction does that magnetic field point?

(a) Toward the top of the page sl
(b) Toward the bottom of the page

(c) Into the page \ B2
(d) Out of the page S 'ﬂ—/”/

(e) The magnetic field is in the "

Direction of the curved path

23. Wire 1 has a large current | flowing out of the page , as shown in the diagram.
Wire 2 has a large current | flowing into the page, in what direction does the
magnetic field point at position P?
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P
® - ®
Tout tin
@) T (b) (© (d) 1

(e) none of the
above.

24. Two parallel wires | and Il that are near each other carry currents | and 3i both in
the same direction. Compare the forces that the two wires exert on each other.

TN

3i

(a) Wire | exerts a stronger force on wire Il than Il exerts on I.

(b) Wire 1l exerts a stronger force on wire | than | exerts on II.

(c) The wires exert equal magnitude attractive forces on each other.
(d) The wires exert equal magnitude repulsive forces on each other.
(e) The wires exert on each other.

25. The figures below represent positively charged particles moving in the same
uniform magnetic field. The field is directed from left to right. All of the particles
have the same charge and the same speed V. Rank these situations according to
the magnitudes of the force exerted by the field on the moving charge, from
greatest to least.
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| v
@ 1=11=1l
() M>1>1 e “0~3
©) N>1>11 — "777™ Magnetic
d) 1> 11> 1l BT 7777 Field
(d) X Y < ..
e) >1>1 MY o
11 I
v
ccmed  coced ev-=- B e e )
R et T 4 e T < R 2 >
Magnetic y Magnetic
% "=** Field st @-’""*Field
e T k. N T TP
=-wes) eseed evond meced) eeeep cec--p
26. The diagram shows a wire with a large electric current | coming out of

The paper. In what direction would the magnetic field be at positions A and B?

»
@

B (&) # —
() — - #
A
@ iout © t -

(e) None of these

27. A positively-charged particle (+q) is at rest in the plane between two fixed bar
magnets, as show. The magnet on the left is three times as strong as the magnet on
the right. Which choice below best represents the resultant MAGNETIC force
exerted by the magnets on the charge?
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(@) =¥ (b) )/ (c) (d) \ (e) Zero

28. Two identical loop of wire carry identical currents i. The loops are located as
show in the diagram. Which arrow best represents the direction of the magnetic
field at the point P midway between the loops?

o b —

(b) —
(c) *
(d) g

(e) Zero

The five separate figures below involve a cylindrical and a tiny light bulb
connected to the  ends of a loop of copper wire. These figures are to be used in
the following question. The plane of the wire loop is perpendicular to the reference
axis. Speed will be represented by V and CCW represents counter clockwise.

v
bulb
J] ewvcerrwws @S [\D—-..----— oo - axis
collapsing loop
stationary
( bulb
| | § EP P P T~ N [ T R axis
{)S I\D loop rotating &
stationary CCW about axis
bulb
JVeowoowos B L e T axis
.@ S I\D moving left :
stationary -
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29. In which of the above figures will the light bulb be glowing?
@ LI, oI v () LILIV (d) IV (e) None of these

30. A very long straight wire carries a large steady current i. Rectangular metal loops
In the same  plane as the wire, move with velocity v in the directions shown.

Which loop will have an induced current?
L o
| |
/4 / : v
v
™ {a) only | and Il
I (b} only | and Ill

/ @', {c) only Il and IlI

{(d) all of the above.

{e) none of the above.

31. A neutral metal bar is moving at velocity V to the right through a region
where there is a uniform magnetic field pointing out of the page. The magnetic
field is produced by some large coils which are not shown on the diagram.

© @ © @
® @ —— @

® @ © ®@

B out of page

Which one of the following diagrams best describes the charge distribution on the
surface of the metal bar?
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+ o+
+ +
+ +
- +
+ +
s +
+ +
+ +
+ +
+ -
- +
+ o+

(@) (b) (© (d) (e)

32. A variable power supply is connected to a coil and ammeter, and the time
dependence of the ammeter reading is shown. A nearby is connected to a
voltmeter.

Ammeter ___ Voltmeter

reading Power
supply

p 9 ]
Ammeta\\

ijf/

Which of the following graphs correctly shows the time dependence of the
voltmeter reading?

time



Voltmeter

reading

(2

Voltmeter

reading

time

time

(c)

Voltmeter

reading

time
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Voltmeter
reading
(b)
time
Voltmeter
reading
R (d)
time
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